4. Is scientific understanding an ability?

In the debate on the relation of understanding and explanation that I presented in
the previous chapter, an additional concept attracts a lot of attention: abilities (or
skills). Peter Lipton refers to abilities in his examples of causation, where subjects
are able to understand through visual representations or manipulation of systems,
and unification, where he refers to Kuhnian exemplars and the scientists’ abilities
to choose and solve new problems that seem similar to the exemplar. According to
Jonathan Kvanvig, subjects need to be able to grasp relations within or between phe-
nomena. Christoph Baumberger refers to the notion of grasping as well and char-
acterizes grasping as certain abilities to perform inferential or counterfactual rea-
soning, and Steven Grimm specifies grasping as the ability to identify the correct
relations involved in the object of understanding. Moreover, abilities play a crucial
role in the discussion on the nature of understanding. Currently, two options are on
the table: either understanding is a type of propositional knowledge, or it is some
ability. Among the three accounts of scientific understanding I presented in chapter
two, Kareem Khalifa endorses the first option, and Henk de Regt and Finnur Dell-
sén favor the second. Those who take understanding as being something genuinely
different from knowledge carve out this difference in terms of abilities and argue ei-
ther that understanding is a specific ability, or that understanding at least requires
specific abilities that are not necessary for knowledge.

In this chapter, I argue that understanding is an ability. To do so, it is neces-
sary to clarify, first of all, what abilities are and whether they actually are something
different from (propositional) knowledge. If it turns out that there is no genuine
difference between propositional knowledge and abilities, the discussion whether
understanding is an ability or a type of propositional knowledge would be superflu-
ous. Hence, I start with an examination of already existing accounts and analyses
of abilities in section 4.1. I address several issues related to the concept of abilities
(or knowing-how) and its differences in comparison to (propositional) knowledge
(or knowledge-that) in sections 4.1.1 to 4.1.6. On that basis, I develop my own view
and definition of abilities in section 4.1.7. I will defend three claims. First, abilities
are dispositions to perform some activity successfully with respect to relevant stan-
dards. Second, abilities are learned and trained in specific social contexts. Third,
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the manifestations of abilities are partially tacit, that the manifestation processes
can never be fully accessed by the subject who manifested the ability. In section 4.2,
I relate my analysis of abilities from section 4.1 to understanding and argue that
understanding is an ability to succeed in making sense of a phenomenon, situa-
tion, or experience. Therefore, understanding should not be identified with a type of
knowledge. Based on Gilbert Ryle and Micheal Polanyi thoughts on understanding,
I maintain that understanding, in contrast to propositional knowledge, is gradual,
its manifestations are multi-track as well as context-sensitive, and consistent with
my definition of ability. Then, in section 4.3, I claim that the process of grasping re-
lations of phenomena and articulating these relations in form of explanations is the
manifestation of understanding phenomena. I will conclude in section 4.4 that un-
derstanding, while being an ability and, therefore, exceeding propositional knowl-
edge, still requires some knowledge in order to be manifested. Without having some
knowledge relevant for the phenomenon in questions, no subject could make any
sense of the phenomenon. Understanding and knowledge enhance in conjunction
with each other.

In contrast to the previous chapter on the relation of understanding and expla-
nation, the discussion in this chapter is not limited to scientific understanding. Al-
though I develop an account of scientific understanding in this book, it is not prob-
lematic to discuss understanding in general at this point. Quite the opposite, any
characterization of understanding in general can elucidate the nature of scientific
understanding in particular, as there will be some commonalities among different
types of understanding. What is unique about scientific understanding will be ad-
dressed in chapters five and six. But first, let us clarify what understanding is in
general. In order to do that, we first need to get clear what abilities are.

4.1 What are abilities?

The fact that humans possess various skills or abilities to perform outstanding cog-
nitive or physical performances has always fascinated philosophers. Already Plato
and Aristotle differentiated and were engaged with the concept of techné, usually
translated as skills, craft or art, in contrast to epistémé, which is usually translated as
knowledge. And still today, knowing-how or abilities are topics of interest in epis-
temology and metaphysics. Contemporary debates on skills' in analytic philosophy

1 In the last decades, ongoing and flourishing debates on abilities and expertise in various
fields of philosophy emerged. Since this dissertation is concerned with the concept of sci-
entific understanding, | cannot consider all aspects and arguments that are of concern in
the specialized discussions on skills. For a very recent and extensive overview on the debates
on skills and expertise, see Fridland, E. & Pavese, C. (eds.) (2021), The Routldedge Handbook of
Philosophy of Skills and Expertise. Routledge. For an overview on the concepts of abilities, see
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are said to have their origins in Gilbert Ryle’s approach to this issue and his basic
distinction between knowing-how and knowing-that. Let us start from there.

4.1.1 A basic distinction of knowing-how and knowing-that

Ryle’s motivation and the main goal of his investigation is to object the then accepted
dogma of the ‘ghost in the machine’*, which expects that every valued (i.e. labeled
intelligent, clever etc.) practical or material action originates in an internal consid-
eration of regulative propositions. It is only possible to perform an intelligent action
if one has thought through the regulative propositions that have an influence on the
action. In opposition to this dogma, Ryle argues that intelligent performances are
possible without any preceding theorizing and that certain performances, including
thinking and theorizing, can in themselves be intelligently exercised. He supports
this claim by reference to a vicious regress along two dimensions, which would oc-
cur if the differentiation between theorizing and practicing is maintained. First, no
intelligent act could ever begin, because considering regulative propositions itselfis
an act that would have to conform to some regulative proposition that would have to
be considered etc. Second, to maintain the strict distinction between theorizing and
practical actions creates a gap, which makes it unclear how the intellect might bear
on the practice.® These two dead-ends of the regress-argument show, according to
Ryle, that “to do something [intelligently] (whether internally or externally) is not to
do two things, one ‘in our heads’ and the other perhaps in the outside world; it is to
do one thing in a certain manner.”*

Ryle accuses philosophers of his day of concentrating too much on theories of
knowledge that concern the discovery of truths or facts, but which either ignore the
methods or ways in which these truths or facts are discovered, or try to reduce the
methods to the discovery of facts itself.® In contrast, Ryle argues “that knowledge-
how cannot be defined in terms of knowledge-that and further, that knowledge-how

»6

is a concept logically prior to the concept of knowledge-that.” He presents the fol-

lowing example to illustrate his point:

e.g. Maier, )., "Abilities", The Stanford Encyclopedia of Philosophy (Summer 2021 Edition), Edward
N. Zalta (ed.), URL = https://plato.stanford.edu/archives/sumzo21/entries/abilities/ (last ac-
cessed April 12, 2022).

2 See Ryle, G. (1949), The Concept of Mind. Chicago, The University of Chicago Press, pp. 26ff.

3 See Ryle, G. (1990 [1946]), “Knowing How and Knowing That.” In Collected Papers (Volume 2),
Bristol, Thoemmes Antiquarian Books Ltd, pp. 212—225, pp. 212f.

4 Ibid. p. 214.

5 See ibid. p. 215.

6 Ibid. p. 215.
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A pupil fails to follow an argument. He understands the premisses and he un-
derstands the conclusion. But he fails to see that the conclusion follows from the
premises. The teacher thinks him rather dull but tries to help. So he tells him that
there is an ulterior proposition which he has not considered, namely, that if the
premisses are true, the conclusion is true. The pupil understands this and dutifully re-
cites it alongside the premisses, and still fails to see that the conclusion follows
from the premisses even when accompanied by the assertion that these premisses
entail the conclusion. So a second hypothetical proposition is added to the store;
namely, that the conclusion is true if the premisses are true as well as the first hy-
pothetical proposition that if the premisses are true the conclusion is true. And
still the pupil fails to see. And so on forever. He accepts rules in theory but this
does not force him to apply them in practice. He considers reasons, but he fails to
reason. [sic]’

Even in everyday language, the difference between knowledge-how and knowl-
edge-that becomes apparent, so Ryle argues. When we talk about people’s beliefs,
opinions, or knowledge-that, we ask for reasons or grounds for accepting a certain
proposition, but we never talk about someone believing- or opining-how. In the
case of knowledge-how, it is different. We can and do describe how certain activities
are performed, but we do not ask for the grounds or reasons of someone’s perfor-
mance. When we describe how people know to, for example, sing or play tennis, we
actually mean that they perform those activities well, i.e. that their performances
meet certain standards or criteria.®

So, Ryle arrives at a fundamental distinction between two kinds of knowledge.
On the one hand, there is propositional knowledge or knowledge-that, which cov-
ers knowledge of facts, e.g. that light travels with a speed of 3x10® m/s or that Tokyo
currently is the capital of Japan. On the other hand, there is knowledge-how, the
knowing how to do something. The concept of knowledge-how includes actions or
performances, like reasoning, as in Ryle’s examples of the pupil who fails to reason
while having all the necessary propositional knowledge, calculating, or physical ac-
tivities like playing a musical instrument, conducting an experiment, or more basic
actions like speaking or walking.

How is Ryles distinction between knowledge-that and knowledge-how related
to abilities or skills? Carlotta Pavese observes that “for many tasks at least, it is intu-
itive that one cannot be skilled at it without knowing how to perform it.”® I share this
intuition. Since Ryle introduced the distinction of two kinds of knowledge, they have

7 Ibid. p. 216, original emphasis.

8 Throughout this chapter, | use the terms ‘standard’, ‘criterion’ and ‘rule’ interchangeably.

9 Pavese, C., "Knowledge How", The Stanford Encyclopedia of Philosophy (Summer 2021 Edition),
Edward N. Zalta (ed.), URL = https://plato.stanford.edu/archives/sumz2021/entries/knowled
ge-how/ (last accessed April 121 2022).
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become objects of intensive philosophical discussion and furthermore, “the most
recent debate on knowledge-how has intertwined with a debate on the nature of
skills.”® As the (potential) difference in kind between knowledge-how and knowl-
edge-that as well as the relation between knowledge-how and abilities remain con-
tested issues until today, a closer look at these concepts is necessary for clarifying
what abilities are. In the next sections, I present further details of Ryle’s conception
of knowledge-how as well as the work from other scholars who engaged with knowl-
edge-how and knowledge-that. More precisely, and in addition to Ryle’s analysis, I
will refer to the work from Michael Polanyi and Harry Collins, who made important
contributions to the issue of knowing-how, in the next three subsections. Sections
4.1.5 and 4.1.6 will then be devoted to a view from virtue epistemology on abilities,
and a critique of that view. I will conclude my occupation with the nature of know-
ing-how or abilities by providing a definition of abilities in section 4.1.7.

4.1.2 Knowing-how as unconsciously acting in accordance with rules

In order to arrive at a robust justification for a distinction between knowing-how
and knowing-that, a more detailed investigation of knowing-how is in need. Ryle
identifies knowing how with knowing a rule. And knowing a rule amounts to the
ability to perform an action intelligently, not knowing an extra piece of information
in a propositional form. The pupil in Ryle’s example mentioned in the previous
section knows a lot of logic’s rules in their explicit form, but he is not able to argue,
i.e. acting in accordance with the rules. An intelligent pupil, by contrast, may have
no knowledge of formal logic at all, but might still be good in arguing. The basic
problem always remains: a fool can have all the knowledge (-that) without know-
ing how to act upon these rules, whereas a reasonable person might have never
learned any explicit rules but manages to perform in accordance with them anyway.
Between knowing rules (knowing-that) and applying or acting in accordance with
them (knowing-how) lies a fundamental difference. In Ryle’s view, in knowing-how
to do certain things, the knowledge of a person is actualized or exercised in what
he does, without considering any theoretical propositions. And additionally, the
performance of a person is somehow governed by specific rules or criteria that apply
to performances of a certain sort, e.g. how to make good jokes." For Ryle, the witty
person is able to make good jokes and identifies bad ones, but she will not be able
to present any maxims or canons that dictate how she is doing this."”* Importantly,

10  Ibid. Foran overview of classical as well as recent arguments in favor of and against a distinc-
tion of knowledge-how and knowledge-that, see ibid.

1 See Ryle (1990 [1946]), pp. 217f.

12 See Ryle (1949), p. 30.
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“a skill is not an act. [..] It is a disposition, or a complex of dispositions.”® And
“phrases such as ‘technical skill’, ‘scrupulous conduct’ and even ‘practical reasory
denote capacities to execute not tandem operations but single operations with
special procedures.”

Intellectualists object to Ryle’s position that knowing-how is independent of and
prior to knowing that. They argue that, since knowing-how involves knowledge of
a rule in every case, the knowing of this rule amounts to the propositional knowl-
edge of a general hypothetical pattern of the form ‘whenever so and so, then such
and such'’. Ryle has two counterarguments against this suggestion. First, knowing
and accepting any set of such hypothetical propositions does not automatically im-
ply that they enable a person to successfully act in accordance with them. One might
accept the proposition of how to sew a shirt or ride a bike, but this is not sufficient
for performing these activities. On the contrary, a person might know how to ride
a bike because she practiced it in a trial and error process without ever knowing
explicitly what the rules for successful bike-riding look like. And second, the pro-
posed general hypothetical pattern is an inductive generalization. Generating these
generalizations requires valid inductive reasoning, which is in itself an intelligent
performance that cannot adhere to the general hypothetical propositions that are a
result of this performance. We would end up in an infinite regress again. However,
Ryle does acknowledge that it is possible to extract propositional principles from
successful activities performed by those who know how to perform these activities,
like hunting, tailoring or reasoning. These principles are expressed in the impera-
tive form and not in the indicative, though, which implies that we do accept rules or
maxims, but, contra to the intellectualists claim, we do not accept any truths behind
them, since truths cannot be expressed in an imperative form, so Ryle argues. Still,
the extracted principles serve a crucial pedagogical function: they are guidelines or
handbooks for novices who are learning certain activities from those who know how
to perform these activities successfully.”

Persons who know how to do certain things, how to perform activities or give
good advice on these activities, are credited with a certain dispositional excellence.
This dispositional excellence is actualized in the performed activities. An excellent
cook knows how to create delicious dishes without recalling the recipes, a good chess
player does not consciously think of the rules and tactical principles of the game, he
simply plays according to them, and the acute reasoner does not consider proposi-
tions and glances on formula, he simply takes them into account appropriately in
his activity of reasoning.’

13 Ibid. p.33.

14 Ryle (1990 [1946]), p. 214.
15 Seeibid. pp. 220f.

16  Seeibid. p. 223.
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In Michael Polanyi’s view, which sounds similar to Ryle’s, performing a skillful
action requires “the observance of a set of rules which are not known as such to the
person following them.”’ This means that an action can be well or skillfully per-
formed without the consideration of explicit rules. In that sense, skills are unspecifi-
able. Polanyi explicates this idea by referring to the notions of subsidiary awareness
and focal awareness, which he takes to be mutually exclusive. When a pianist is play-
inga concert, his focal awareness is targeted at the piece of music he is playing at that
time. While playing a piece of music on the piano, the pianist is constantly moving
his fingers, feet, and his whole body to produce the desired sounds, and these bodily
movements lie in his subsidiary awareness. If the pianist would try to focus on what
he is actually doing with his fingers, feet and body, he would get irritated and stop
playing. The human attention can only hold on focus at a time, according to Polanyi.
While performing, the focus lies on the piece that is being played, that is, on the ac-
tivity as a whole. One cannot simultaneously be focally aware of the whole and of
its parts. However, the pianist is subsidiary aware of the parts or particulars, the
individual notes and his physical activities to produce these notes, while he is play-
ing the piece. The particulars of a certain activity, like producing every single note
on the piano, are unconsciously performed or realized. The whole, the meaning or
goal that should be achieved by the activity, playing a piece on the piano, lies in the
focal awareness. The coordination and correct application of all the particulars is a
demanding and complex process that has to be learned.’®

We may say, more generally, that by the effort by which | concentrate on my cho-
sen plane of operation | succeed in absorbing all the elements of the situation of
which | might otherwise be aware in themselves, so that | become aware of them
now in terms of the operational results achieved through their use. [..] And again,
in practical terms, as we learn to handle [certain tools] in terms of the situation
which we are striving to master, we become unconscious of the actions by which
we achieve this result. This lapse into unconsciousness is accompanied by a newly
acquired consciousness of the experiences in question, on the operational plane.
Itis misleading, therefore, to describe this as the mere result of repetition; itis a
structural change achieved by a repeated mental effort aiming at the instrumen-
talization of certain things and actions in the service of some purpose.”®

17 Polanyi, M. (1962 [1958]), Personal Knowledge. Towards a Post-Critical Philosophy, London, Rout-
ledge, p. 51.

18  Seeibid. pp. 57-68.

19 Ibid. p. 64.
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Harry Collins provides another, slightly different analysis of ‘tacit knowledge’, as he
calls it.>® Although Collins uses a different terminology, the notions ‘tacit knowl-
edge’ and knowledge-how’ refer to the same kind of knowledge, namely knowledge
that is not or cannot be articulated explicitly. He distinguishes three different kinds
of knowledge that are often labelled ‘tacit: relational, somatic, and collective tacit
knowledge. While the first two can be made explicit in principle, the latter remains
inherently tacit.” The crucial dimension that makes collective tacit knowledge dis-
tinct from the other two kinds, and also from explicit knowledge, is the social di-
mension, according to Collins. He clarifies this idea by discussing the two activities
of bicycle riding and bicycle balancing.* Bicycle balancing requires the coordina-
tion of neural and muscular acts to stay upright on a bike and to move forward. Bi-
cycle balancing is an instance of somatic tacit knowledge, as it can be made explicit
through scientific research. The additional component involved in bicycle riding is
the social component since activities like bicycle riding take place in a social envi-
ronment like traffic. In any social setting, not only in traffic, the subject has to make
a social judgement about the balancing of the individual and social responsibility in
order to keep the setting working.*® To put it differently, Collins argues that knowl-
edge is ultimately located in society, and individuals merely share the knowledge of
the collective in an implicit, tacit way. How humans manage to participate in collec-
tive knowledge and connect to society exactly is still obscure. This is the feature that
makes collective tacit knowledge inherently tacit.** Collins’ view in a nutshell, to ob-
tain a certain skill requires the respective collective tacit knowledge. Collective tacit
knowledge is a prerequisite for having skills. First a person needs to gain collective
tacit knowledge, and then she can train a certain ability that accords with it. Without

20 See Collins, H. (2010), Tacit and Explicit Knowledge. Chicago and London, The University of
Chicago Press.

21 Relational tacit knowledge can be made explicit in principle and only logistical or social rea-
sons hinder persons to do so. Collins discusses several instances of relational tacit knowledge,
e.g. cases of mismatched saliences in which some fact is not made explicit because person
A takes for granted that person B knows this fact, while she actually does not. Somatic tacit
knowledge is tacit for the individual because of the limits of the human body and brain, but
it can be explicated in terms of scientific theories or explanations. Therefore, somatic tacit
knowledge, as well as relational tacit knowledge, is not an instance of entirely tacit knowl-
edge because it can be made explicit in principle by scientists. For more details concerning
relational and somatic tacit knowledge, see ibid. pp. 85-117.

22 Collins discusses bicycle balancing and chess playing as examples for somatic tacit knowl-
edge. The riders of a bicycle or champions in chess are not able to state explicitly and in every
detail how they are riding a bicycle or played a certain chess game at a tournament, although
they are able to apply that knowledge in a practical sense. However, science can make this
knowledge explicit, see ibid. pp. 99-117.

23 Seeibid. pp. 119-123.

24  Seeibid. pp. 131-138.
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the acquisition of some collective tacit knowledge, subjects could not acquire abili-
ties. Collins’ distinction between collective tacit knowledge and abilities resembles
Ryle’s and Polanyi’s analysis, as they also claim that subjects need to possess tacit or
implicit rules, that they have the knowledge-how, to manifest skillful performances.

So, according to the three authors, knowing-that is possessing explicit informa-
tion or facts, while knowing-how is a disposition or capacity to act in accordance
with certain tacit rules. Once a subject acquired some tacit rules, she will perform
the respective activity well without consciously or explicitly considering any rules. In
contrast to knowing-how, knowing-that consist of the possession of explicit facts.
If the two types of knowledge differ in the way just described, would the process of
learning or acquiring them also vary significantly? Some argue that it does. If this
is the case, a differentiation between knowledge-how and knowledge-that as two
distinct kinds will become even more plausible.

4.1.3 The acquirement of knowing-how

Unsurprisingly, Ryle is among those scholars who argue that there is a fundamental
difference between how we acquire knowledge-how and knowledge-that. Accord-
ing to him, and I am paraphrasing Ryle’s way of talking here, the latter involves the
instruction of truths and the accumulation of pieces of knowledge-that, of facts.
In contrast, knowing-how requires appropriate exercising and being disciplined
in methods. The term ‘discipline’ refers to two different processes, habituation or
drill on the one hand, and education or training on the other. Ryle is not concerned
with habituation or drill. This measure produces automatisms and blind habits.
In drilling novices, they are learning to do something blindly without considering
how they are performing their task or why they are performing their task exactly
like this or what alternative realizations of the task could be. Contrary to that, Ryle
claims that educating or training novices, the second meaning of ‘discipline, en-
ables them to develop intelligent powers. In teaching skills, novices learn how to do
something intelligently. Training supports and fosters intelligence, whereas drills
dispense it. The education of novices allows them to perform exercises in the right
way by using their brains, to learn from their mistakes and how to avoid or correct
them. Although skills include habits, skills exceed habits in that they allow for the
generation of new successful procedures as well as of new propositional knowledge,
instead of merely repeating the same activity time and again. Disciplines such as
mathematics or philosophy or methods from the sciences could be seen as branches
of knowledge-how, not (just) bodies of propositional information.” “The experts
in them cannot tell us what they know, they can only show what they know by
operating with cleverness, skill, elegance or taste. The advance of knowledge does

25  See Ryle (1990 [1946]) pp. 223f.
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not consist only in the accumulation of discovered truths, but also and chiefly in the
cumulative mastery of methods.”*® Accordingly, “we learn how by practice, schooled
indeed by criticism and example, but often quite unaided by any lessons in the
theory.”*

Polanyi agrees with Ryle on the nature of knowledge-how and on its acquisi-
tion process. For Polanyi, science is a form of art and the art can be passed on only
by example from master to novice. This is so because the rules that have to be sub-
consciously observed to perform skillfully are not explicitly known by any subject,
cannot define the respective art in detail, and cannot be conveyed in the form of in-
structions. Personal contact is required to learn an art. In the case of science, the ex-
plicit contents, like theories or explanations, were distributed globally much faster
than the art of conducting scientific research.?® “The large amount of time spent by
students of chemistry, biology and medicine in their practical courses shows how
greatly these sciences rely on the transmission of skills and connoisseurship from
master to apprentice. It offers an impressive demonstration of the extent to which
the art of knowing has remained unspecifiable at the very heart of science.”

Finally, the necessity of personal contact in the process of acquiring knowledge-
how or tacit knowledge, is also stressed by Harry Collins. As it is the social dimension
of collective tacit knowledge that makes it inherently tacit, collective tacit knowl-
edge cannot be acquired if one is not situated in a society. How to do things right
in a specific social setting cannot be learned by rules, according to Collins, but only
by experience. Subjects need to absorb social rules that cannot be made explicit, and
they can do so only by being part of a society.*® Collins provides the example of dance
improvisation to illustrate this point. “Improvisation is a skill requiring the kind of
tacit knowledge that can only be acquired through social embedding in society. So-
cial sensibility is needed to know that one innovative dance step counts as an impro-
visation while another counts as foolish, dangerous, or ugly, and the difference may

"3 Tacit knowl-

be a matter of changing fashion, your dancing partner, and location.
edge, knowledge-how, can be acquired through language, through the derived ped-
agogical principles, but also through physical activity, whereupon Collins takes the

participation in physical activity to be the more efficient way for doing so.>* This is

26 Ibid. p. 223.

27  Ryle (1949), p. 41.

28  See Polanyi (1962 [1958]), pp. 51-56.

29 Ibid. p.57.

30 See Collins (2010), pp. 119-123.

31 Collins (2010), p. 123, original emphasis.

32 Seeibid. pp.131—138. For more details concerning the advantage of physical activity over mere
conversation see, for example, Ribeiro, R. & Collins, H. (2007), “The Bread- Making Machine,
Tacit Knowledge, and Two Types of Action.” Organization Studies, 28 (9), pp. 1417— 1433, DOI:
10.1177/0170840607082228.
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consistent with Ryle’s claim that propositional knowledge alone is not sufficient for
performing any corresponding skillful action and with Polanyi’s point that learning
skills requires interaction with another, skillful person.

Summing up, how is knowing-how acquired by subjects? How do we learn to
do something correctly, or intelligently, or well in any sense? According to Ryle,
Polanyi, and Collins, acquiring knowing-how requires learning the tacit social rules
and practicing performances that accord with these rules in a social setting. We
need to acquire methods and train them by exercising them. Acquiring knowledge-
how is a learning by doing procedure that is guided by a master or a social commu-
nity, who gives the subject feedback on her progress with the method or practice
in question. Assessing whether the tacit rules that govern practices have been
incorporated by the subject requires other members of the community. Although
the novice receives feedback during her training, nobody can tell her explicitly what
she needs to do. Ultimately, she has to acquire the knowledge-how herself, through
her own experience. This process of acquiring knowledge-how is fundamentally
different from acquiring knowledge-that, as in the second case, explicit information
or facts are gathered and structured. Knowledge-that requires the possession of
explicit information, knowledge-how the awareness of tacit rules. Therefore, not
only the nature of the two types of knowledge is fundamentally different, but also
their acquisition processes. This is the conclusion at which Ryle, Polanyi and Collins
arrive concerning the acquisition process of knowing-how, and I consent to this
view.

4.1.4 Manifesting knowing-how is context-sensitive

While having the know-how to perform an activity well requires the possession of
tacit rules, it does not amount to simply repeating certain actions in every perfor-
mance. I already mentioned that Ryle distinguishes between automatism and blind
habits on the one hand, and intelligent powers or capacities on the other hand. As an
illustration of how intelligent capacities allow a person to modify his performance,
Ryle discusses what happens when a person is arguing intelligently. The intelligent
reasoner does not simply repeat his argument again and again, as it would be the
case if his ability to argue intelligently would merely be a habit, but instead con-
structs new parts of his argument that did not exist before, i.e. that he did not con-
sider before. This construction of a new argument is due to changing requirements,
which occur in every new case of arguing: the meeting of new objections, inter-
preting new evidence, making connections between elements in the specific situ-
ation which did not correspond before. While the intelligent reasoner constructs
new arguments and learns with every new case of argumentation, he always reasons
logically. The rules of logic are observed in such a way that the intelligent reasoner
does not consciously consider them. Instead, the rules of logic became his way of
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thinking. The intelligent reasoner reasons in accordance with a specific method, but
without reflecting on the prescriptions of the corresponding methodology. The same
holds for physical practices, e.g. being a good surgeon. Without any medical knowl-
edge, a person will never become a good surgeon but having a lot of explicit medical
knowledge itself is not sufficient for being a good surgeon. A surgeon must have
learned the practice of performing surgery, and that might require slightly different
decisions on actions and steps during performing surgery on different patients.*

Polanyi and Collins can be aligned with Ryle’s view on the openness of skills.
Polanyi takes the rules of art, which a subjects follows during a performance, as use-
ful and as a guide to an art, while not dictating the practice of the art.>* Collins’
conception of collective tacit knowledge fits well into this picture, too. In order to
achieve the respective collective tacit knowledge, a subject needs to have a social
sensibility. This, in turn, requires a brain that can assimilate social rules. Since so-
cial rules might change with context, the process of learning skills must be flexible.
This is different to the training of muscles or habituation, as Ryle calls it. Balancing a
bike works the same everywhere, but how to ride a bike in traffic differs with respect
to society, that is, to different traffic systems. If a subject wants to learn a skill, she
will have to acquire the respective tacit knowledge and to do that, she needs to stay
in touch with society. Collins concludes that skill acquisition occurs in two steps or
phases. First, the mere acquisition of motor coordination, and second, the acquisi-
tion of motor coordination in a socially sensitive way.>* The collective nature of tacit
knowledge and hence of skills is irreducible, because “it is only humans who have
the ability to acquire cultural fluency. It is only humans who possess what we can
call “socialness” — the ability to absorb ways of going on from the surrounding soci-
ety without being able to articulate the rules in detail.”*

Hence, another crucial difference between knowing-how and knowing-that is
revealed. I conclude that the manifestation of knowing-how is context-sensitive, it
can be changed or adjusted if required. Showing some knowing-how is not mere
repetition or habit. Importantly, no matter what exactly a subject changes, the mod-
ified performances will still be in accordance with the tacit social rules if performed
successfully. Independent of the concrete execution, the skillful performance will al-
ways count as a skillful performance. Knowledge-that is not context-sensitive in this
way. We take knowledge-that, like the facts that light travels with a speed of 3x10®

33 SeeRyle (1949), pp. 46—49.

34  See Polanyi (1962 [1958]), pp. 51f.

35 See Collins (2010), pp. 123f.

36 Ibid. p. 125. Importantly, Collins does not claim that animals are not social. All he is saying
is that, for example, animals eat their foot in the same manner all around the world, while
humans can change their eating manners according to the cultural setting. Even if Collins is
wrong in this regard, attributing “socialness” in this sense to humans as well as animals will
not affect the ability of humans to modify their performance according to the context.
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4. Is scientific understanding an ability?

m/s or that Tokyo currently is the capital of Japan, to be true independent of any con-
text. There is no room for the same kind of variation or interpretation in the case of
knowledge-that that as for the manifestation of knowledge-how.

4.1.5 Knowing-how, abilities or skills are stable, robust features

Although the manifestations of abilities are context-sensitive and exceed repetition
or habit, as skillful persons can modify their performance if necessary, they also
seem to have a stable or robust component. Able dancers, bicycle riders or chess
players are called ‘able’ because they were and are very often successful in their
performances. This idea is elaborated by two virtue epistemologists, namely Ernest
Sosa and John Greco. Both conceive knowledge as an intellectual success achieved
through ability,” which again is compatible with the view presented before that
knowing how precedes propositional knowledge. Sosa argues that competences,
which he identifies with dispositions of an agent to perform well, include three
components: its constitution, its condition, and its situation. It is the constitutional
competence that Sosa identifies as a skill. A ski jumper, for example, has learned
all the skills he needs to be a good ski jumper during his athletic career, he has
internalized them. However, to execute a good jump, i.e. to be successful in what
he is doing, he needs to be in the right condition, well-trained and prepared for
the respective competition, healthy, sober etc. And finally, he needs the favorable
situation, good weather conditions, to perform well. The best ski jumper will not
be able to execute a good jump in a thunderstorm. The same structure holds for
intellectual competences. A theoretical chemist must learn all the skills required
for the discipline during her studies. In order to make accurate calculations to
predict chemical phenomena, she also needs to be in the right condition (well-
rested, focused, sober) and in the right situation. Even for the best theoretical
chemist it might be impossible to perform sophisticated computations in an office
with 35°C with no air conditioning. The crucial aspect of a skill, the constitutional
part of a competence, is, according to Sosa, that the agent always retains the skill,
even when she is asleep, ill, or drunk. That is, an agent is always in possession of
certain competences even if she is not able to perform these competences well in all
conditions or situations.*® “That you fail a conditionals test when in poor shape or

37  Foranoverviewonvirtue epistemology, see forexample Turri, ]., Alfano, M. & Greco, J., "Virtue
Epistemology", The Stanford Encyclopedia of Philosophy (Winter 2021 Edition), Edward N. Zalta
(ed.), URL = https://plato.stanford.edu/archives/win2021/entries/epistemology-virtue/ (last
accessed April 12t 2022).

38  SeeSosa, E. (2010), “How competence matters in epistemology.” Philosophical Perspectives, 24,
pp. 465—475., DOI: 10.1111/j.1520-8583.2010.00200.X, p. 465.
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poorly situated bears not at all on your possession of a corresponding constitutional
competence.”

John Greco, who studied under Ernest Sosa, also identifies intellectual virtues
with abilities or powers of the knowing agent. In his view, knowledge is true belief
based on intellectual ability. Starting from this, Greco can explain why knowledge is
creditable true belief since knowledge is a form of success through ability, and success
through ability is worthy of a special sort of credit.*°

More generally, the sort of crediting and valuing associated with success through
ability (or excellence, or virtue) is ubiquitous in human life. It is instanced in
the moral realm, the athletic, the artistic, and many more. [..] We credit success
through ability more than we credit mere lucky success. But we also value success
through ability more than we value mere lucky success, i.e., success through
virtue or excellence, is identified as the highest human good: it is of intrinsic
value itself, and it is constitutive of human flourishing.*

If an ability is attributed to an agent, it will mean that she is reliably successful in
some way relevant to the respective ability, according to Greco. Moreover, abilities
are tethered to significant conditions and the environment. Greco’s distinction be-
tween condition and environment is not identical to Sosa’s differentiation between
condition and situation, since Greco takes the concepts of “condition” and “environ-
ment” to be overlapping. The only vague distinction that Greco offers is that “en-
vironments” refer to sets of relatively stable circumstances, while “conditions” in-
dicate sets of shifting circumstances within an environment.** “Finally, to say that
someone has an ability to achieve some result is to say both more and less than that
they have a good track record with respect to achieving that result. This is because
abilities are dispositional properties: to say that S has the ability to achieve result R
is to say that S has a disposition or tendency to achieve R across relevantly close
worlds.”® That is, abilities as well as their attribution are context-sensitive. Which
conditions and environments, that is, which close worlds, are seen as relevant de-
pends on the interests and purposes that are operative in the respective context. If,

39 Ibid. p. 469.

40 SeeGreco,]. (2007), “The Nature of Ability and the Purpose of Knowledge.” Philosophical Issues,
17, pp. 57—69, DOI: 10.1111/.1533-6077.2007.00122..X, p. 57.

41 Ibid. pp. 57f, original emphasis. Greco develops his account with the goal of explaining why
knowledge isincompatible with luck and why knowledge is more valuable than mere true be-
lief. Foramore advanced presentation of hisaccount, see Greco, ]. (2010), Achieving Knowledge.
A virtue-theoretic account of epistemic normativity, Cambridge, Cambridge University Press,
DOI: 10.1017/CB09780511844645.

42 Seeibid. p. 60.

43 |bid. pp. 60f, my emphasis.
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4. Is scientific understanding an ability?

for example, Oliver states that Thomas has the ability to coach a soccer team well,
this statement may have a different meaning, depending on whether Oliver refers
to Thomas Tuchel, the coach of the soccer club Paris Saint-Germain, or Thomas, the
coach of Oliver’s ten years-old son. The ability needed to build a functioning team
out of individual soccer geniuses playing on the highest international level is quite
different from the ability to coach ten years-old boys in a local league. In these two
cases, the relevant conditions and environments are fundamentally different. Greco
allows for subject, attributor, or third party contextualism, depending on whose in-
terests and purposes are of concern.*

So, once a subject acquired an ability, some knowing-how, this ability will be a
constitutional or at least a stable feature of the subject, which means that she has
been and will be reliably successful in manifesting this ability in relevant and appro-
priate contexts. This insight is in line with the result of the previous section: while
the ability is a stable, robust feature of a subject, the manifestation of this ability will
be sensitive to the given context and, hence, might differ, respectively.

4.1.6 Should knowing-how be tight to success?

Barbara Vetter summarizes Sosas and Greco's characterization of abilities or com-
petences as “dispositions to succeed”.® This idea can already be traced back to Ryle,
who conceived knowing-how to perform actions as performing these actions well or
successfully with respect to certain criteria. Polanyi and Collins approve of this, as
I showed. The crucial point about this conceptualization of abilities is that agents
will perform a certain action properly if they do it at all. That is, a ski jumper would
perform a good jump if he jumps, given an appropriate condition and situation, and
Thomas would be a good (able) soccer coach if he were to coach a soccer team.* Vet-
ter characterizes Sosa’s and Greco's account of abilities as follows:

x has the ability to A iff x is disposed to A successfully when A'ing at all, i.e. iff, if x
were to A at all, then (interferences aside) x would (probably) A successfully.

However, Vetter identifies and discusses a crucial problem of this account of abili-
ties. According to Sosa and Greco, the agent’s exercise of the ability is tied to success.
But what about activities that do not have standards of success, that cannot be per-
formed ‘well’ in any sense? Aimless ambling and doodling are examples of perfor-

44  Seeibid. pp. 60ff.

45 Vetter, B. (2019), “Are abilities dispositions?” Synthese, 196, pp. 201—220, DOI: 10.1007/s11229-
016-1152-7, p. 214.

46  Seeibid. pp. 214f.

47  |bid. p. 214.
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mances which lack any aim as well as any evaluative standard. One cannot amble or
doodle in a better or worse way. Either one does amble or doodle, or one does not. It
is possible, though, to introduce a trivial success condition: The end of aimless doo-
dling is aimless doodling. If my random doodling ends up in a sketch of my boss, I
will have failed to doodle randomly. If my aimless ambling turns into a walk to the
train station because I spontaneously want to visit a friend, I will have failed to am-
ble aimlessly. Furthermore, Vetter notes that many verbs, like ‘hit’, ‘move’ or ‘reach’,
describe a performance only in so far as it is performed successfully. Therefore, they
are called ‘success verbs’. Vetter concludes that Sosa’s and Greco's characterization
of abilities as dispositions to succeed becomes trivial in the cases of success verbs, of
aimless activities, and also of simple motor activities (like raising one’s arm, moving
one's eyes, or wiggle one’s foot), because in these cases, Aing automatically amounts
to Aing successfully.*®

The consequence of this trivial characterization of dispositions as being dis-
posed to A if A, or that one would A if one were to A, is that either everything has
these dispositions, and hence the respective ability (everything can hit a board,
amble aimlessly or move something), or that nothing has such dispositions, and
the corresponding ability, if there are no such trivial dispositions. Both alternatives
are absurd, according to Vetter.* Either one would have to accept that, in the case
in which a sponge hits the blackboard, the sponge has the disposition to hit the
blackboard, and, therefore, the sponge has the ability to hit the blackboard. No one
would attribute abilities to sponges, at least not to the ones we find in old-school
classrooms to clean the blackboard! Or we would have to deny that dispositions like
hitting a blackboard exist. If we do that and if, at the same time, we side with Sosaa
and Greco's characterization of abilities as dispositions to succeed when you try,
we could rule out absurd attributions, but we would have to deny that anything or
anyone has the disposition, and therefore the ability, to hit the blackboard. Ergo, no
one would be able to hit a blackboard, which is definitely not true, as some students
might frequently hit the blackboard when throwing a sponge at it, while others
might often fail to hit the blackboard with the sponge. Given these problems with
‘abilities as dispositions to succeed’, Vetter concludes that this “account failed to
ensure that the manifestation for the correlated disposition is always sufficiently
distinct from the performance itself and thereby fails to capture at least a great deal

of our simple motor abilities.”°

48  Seeibid. pp. 215f.

49  Seeibid. p. 215.

50 Ibid. p. 217. In general, the notion of manifestation refers to the process or event of becom-
ing visible or the revelation of all kinds of things, which were invisible or shapeless or even
non-existent before the manifestation took place. For an overview of topics concerning dis-
positions and manifestations that are addressed in philosophy, see for example Choi, S. &
Fara, M., "Dispositions", The Stanford Encyclopedia of Philosophy (Spring 2021 Edition), Edward
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4. Is scientific understanding an ability?

Generally, Vetter is interested in the nature of abilities and starts her own in-
vestigations with the insight that abilities are commonly referred to as dispositional
properties, an idea that can also already be found in Ryle’s work. However, not ev-
ery disposition would ordinarily be considered an ability, like the dispositions to get
provoked or get a sunburn easily. And the question which dispositions are abilities
is still not answered conclusively. This is the context in which Vetter discusses the
views of virtue reliabilists like Sosa and Greco. She wants to show that this view fails
to fully capture the intuitive notion of ability, but she does not provide an alterna-
tive answer to the question which dispositions are abilities. It might even be possi-
ble that there is no unified, reasonable conception of ability that captures all sorts
of abilities. Rather, it could be that the term ‘ability’ covers are large number of (par-
tially) overlapping meanings. However, if this is the case, these meanings need to be
worked out in detail, which has not been done yet. To conclude, on the one hand, it
is still not clear what it means to have an ability. Yet, it is obvious that agents have
abilities. Agents are able to vote, drive a car, and do all kinds of things.*" As Vetter
puts it, “our abilities — unlike the opportunities with which the world presents us
- tend to be stable, robust features of ourselves that we can rely on in a large vari-
ety of different situations. The ability [...] is there to be called upon, even when it is

presently lying dormant, that is, unexercised.”>

4.1.7 Abilities are dispositions to succeed

Where does this discussion of abilities leave us, what are abilities? I am now in a
position to present my own view on that matter. Although Vetter’s critique is a chal-
lenge to any general account that characterizes abilities as dispositions to succeed,
itis not a problem for activities that do have standards of success and which do serve
an aim. Since she does not propose any alternative conception of ability and does al-
low for the possibility of several and potentially overlapping conceptions of abilities,
I do not see a problem in sticking with the idea that some abilities are disposition
to succeed, or to perform well or in accordance with some given standards. Again,

N. Zalta (ed.), URL = https://plato.stanford.edu/archives/spr2o21/entries/dispositions/ (last
accessed April 12, 2022).

51 See Vetter (2019), pp. 201f, 218f. In addition to the view of virtue reliabilism on abilities, Vet-
ter also discusses an alternative approach. Namely, the project called ‘new dispositionalism’
from the debate on free will, which states that abilities are dispositions to do what one in-
tends to do. Discussing the arguments from the new dispositionalism here would lead to far
and Vetter identifies severe problems with this view of abilities, which | take to be more seri-
ous than her criticism of virtue reliabilism. In short, new dispositionalism cannot account for
abilities that are incompatible with trying, like creative or sub-intentional actions. For more
details, see ibid. pp. 205—214.

52 Ibid. p. 202.
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as Vetter notes, this characterization does not accommodate all abilities that agents
possess, but it does accommodate those kinds of abilities I am interested in in the
context of scientific research. I agree with Vetter that the questions what abilities
are and whether one unified conception of ability is possible are interesting and im-
portant. However, they lie outside of the scope of this book.

Let me quickly turn to the inconsistent terminology used by the various authors
I refer to. Throughout this section, terms like knowing-how, skill, ability, or com-
petence appear. Ultimately, I think that the terminological variation does not point
to a fundamental metaphysical difference. The authors I address in this section em-
ploy expressions like ‘someone has the ability to x, has the skill to x, has the know-
how to x, or has the competence to x’ to refer to the same thing. They all denote that
someone can do something in an appreciated or valued manner. The only concept
that slightly steps out of line is ‘dispositior, since we would not call every disposi-
tion an ability. Just because a sugar cube has the disposition to dissolve in water,
no one would say that sugar cubes are able to dissolve in water. Hence, not all dis-
positions are abilities. But if we focus on those dispositions that have standards of
success, we can say that the terms ‘ability’, ‘skill’, ‘know-how’, and ‘competence’ can
all be defined as denoting someone to have a disposition to perform some activity
successfully with respect to relevant standards.”

Fortunately for my purpose, science is a context that has established standards
of success, albeit different ones in different disciplines, which have to be met when
performing certain activities in the course of scientific research. A study or experi-
ment can be set up and conducted well or badly, a specimen can be prepared well or
badly, a laser system can be adjusted well or badly, a questionnaire can be devised
well or badly. The kinds of abilities that are not captured by the ‘abilities as disposi-
tions to succeed’-view, performances described by success verbs, aimless activities,
and simple motor activities, are not the kinds of abilities that play an important or
central role in scientific research. All abilities or skills that scientists learn over the
course of their training are highly specialized abilities, which ultimately serve the
aims of conducting good science, discovering truths about the world, understanding
and explaining natural and social phenomena, making correct predictions, improv-
ing people’s lives and possibly even more or different aims. If the highly specialized
skills that scientists acquire would not serve some purpose, scientists qua scientists
would not learn and train them in the first place. Hence, the ‘abilities as disposi-
tions to succeed’-view suits the characterization of the very specific and purpose-
ful skills learned and exercised by scientists. Moreover, the ‘abilities as dispositions
to succeed’-view also accommodates many activities outside of the scientific realm.

53 Ifitturnsoutthat|wrongly equate these terms, | will happily only use ‘ability’and ‘disposition
(to succeed)’ and refrain from using ‘skill’ and ‘competence’. However, | am not aware of a
good reason or argument to do so.
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Throughout this section, I mention examples from various domains, including be-
ing an able, and hence reliably successful, cook, chess player, bicycle rider, surgeon,
reasoner, or athlete. As these performances are not characteristic for science, except
for reasoning, they will have to meet standards of success different from those found
in science. That different performances must meet very different standards of suc-
cess in different domains or realms, however, is not a problem for the ‘abilities as
dispositions to succeed’-view, as this view does not prescribe any specific standards
that must be met. It only implies that some standards of the specific context in ques-
tion have to be met. Therefore, while science certainly is one prominent example of
a domain with established standards for determining successful performances, it
definitely is not the only one.

So, the abilities that scientists acquire in their training are dispositions to suc-
ceed in what scientists do when exercising those abilities. Furthermore, as Sosa and
Vetter emphasize, abilities are stable, robust, and constitutional features that, once
acquired, are permanently possessed by the subject even when they are not mani-
fested. In order to acquire an ability, that ability must be learned and trained. And to
learn an ability is to learn the respective tacit, non-propositional rules that guide cer-
tain actions. As Ryle, Polanyi and Collins argue, the relevant rules can only be learned
by participating and practicing in a social setting and not from a rulebook, due to
their tacit nature. For science, this amounts to young researchers learning from the
example and criticism of their supervisors and more experienced colleagues by ac-
tively participating in the scientific community. Although there is no guaranty that
scientists with certain abilities will always be successful, since certain conditions or
situations might prevent them from succeeding, they will be successful in the appro-
priate or sufficiently standardized context. Yet, according to Ryle, it is an important
feature of skillful performances, of the manifestation of abilities, that they can be
changed or adjusted in cases where the context requires changes or adjustments,
while continuing to act in accordance with the tacit rules that prescribe how perfor-
mances in scientific research are to be done. And recall, possessing an ability means
to act in accordance with the rules without actively reflecting on these rules. Ryle
calls this the internalization of the rules, and Polanyi accommodates this aspect with
his discussion of subsidiary and focal awareness. When a scientist is conducting an
experiment or performing a calculation, her focal awareness is on the experiment or
on the calculation. Without being consciously aware of it, the able scientist performs
skillful research in accordance with the scientific rules of her discipline.**

54  Thetacitnature of abilities might actually be a problem for the new dispositionalism, the sec-
ond view that Vetter discusses in addition to virtue reliabilism and which | do not address.
But | want to mention here that if, according to the new dispositionalism, an ability is a dis-
position to do X if one intends (or tries, or chooses, or decides) to do X, then the exercise of
an ability must always be preceded by an intention, attempt, choice, or decision. Vetter, who
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Based on the discussion of abilities in this section, I propose and use the follow-
ing definition of ability:

x is an ability ifand only if x

i. isadisposition to perform a cognitive or physical activity successfully with re-
spect to relevant standards,

ii. hasbeenlearned and trained in a specific social context, and

iii. manifests in processes that are partially tacit (i.e. that can never be made fully
explicit).

In saying that the manifestations of the abilities are partially tacit, I mean that no
subject will be able to figure out and describe precisely how she managed to mani-
fest an ability. This claim is not only in line with Ryle’s idea that the rules of a spe-
cific performance become the way of acting of the skillful person without any con-
scious reflection, but also with Polanyi’s differentiation between subsidiary and fo-
cal awareness and with Collins’ notion of collective tacit knowledge. Consider the
two examples of dance improvisation and logical reasoning. The former is an in-
stance of the manifestation of a physical ability, the latter of a cognitive ability, an
ability that takes place purely in the mind of a subject. In both cases, no subject will
be able to accurately describe in all detail which muscles or which neurons did what
at which point in time during the performance. No one will be able to describe in
detail how he managed to come up with some form of improvisation that he never
knew of before, or how she was able to construct a syllogism in her mind that she
never considered before. While we are focused on demonstrating a mesmerizing in-
novative dance performance or on constructing a valid and sound argument, we are
focused on performing. But we are not and cannot be aware of how we manage to co-
ordinate all the activities of our body and mind, which are necessary to perform well,
in accordance with the social rules at play. Note, it is not tacit for us whether we did
carry out a specific performance in the end, whether our performance was skillful

does not directly refer to a tacit nature of abilities, provides convincing examples that, first,
agents can exercise plenty of abilities without trying, intending, choosing or deciding to do
soinadvance. And second, that some abilities are only exercised when the agent does not try,
choose, decide, or attempt to exercise them, like creative abilities. An agent might have the
intention to present a dance performance fantastically, to play the piano with virtuosity, or
to conduct an experiment accurately, but while she is focusing on this ‘bigger’ performance,
she cannot pay attention and cannot intend to perform any tiny movement, adjustment, or
reasoning step that is involved in presenting a dance performance, playing the piano with
virtuosity, or conducting an experiment accurately.
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or not. Imagine a cheering crowd around the dance floor and the judges award you a
high score for your performance, or you presented a logical argument that your su-
pervisors and peers accepted as a correct and maybe even a good argument. Then we
can be pretty confident that we performed the activity in question successfully with
respect to the relevant standards that we learned by being in the respective social
context that is decisive for the performance in question. As these social standards
or rules are implicit themselves, we can neither explicate the rules themselves, nor
how we managed to act or perform in accordance with them.

Importantly, I am not claiming that abilities are always independent from
knowledge-that or that the two are mutually exclusive! In order to acquire or
manifest some ability, subjects may actually need some propositional knowledge.
Propositional or explicit knowledge may be necessary for some abilities. For exam-
ple, a first semester student in philosophy may first have to gain explicit knowledge
about what a syllogism is and how to construct one, before she can start to prac-
tice and train constructing syllogisms herself. However, I argue that having some
propositional knowledge is neither sufficient for also having some ability, nor for
manifesting that ability. The philosophy student might have the (propositional)
knowledge what a syllogism is and how it is constructed, but when asked to demon-
strate this and construct a syllogism herself, she may be unable to do it. In case she
acquired the ability to construct syllogisms, she will be able to do this, to manifest
the ability, without consciously reflecting on the propositional knowledge of how
this is to be done. She will simply do it without explicitly considering how she is
doing it. This is the sense in which I take knowledge-that and knowledge-how to be
distinct kinds.

After arguing that knowing-how is fundamentally different from propositional
knowledge and having arrived at a definition of abilities, I am now in a position to
address the central question of this chapter. Is understanding an ability, a kind of
knowing-how, or is it more plausible to conceptualize understanding as a type of
propositional knowledge?

4.2 Understanding, an ability in itself

In chapter two I indicated that there are two opposing camps concerning the nature
of understanding. One camp, including Kareem Khalifa and Peter Lipton, takes un-
derstanding to be akind of (propositional) knowledge, the other, with such members
as Henk de Regt, Jonathan Kvanvig or Christoph Baumberger, views understanding
as a specific ability. In this section I will side with the latter and argue that under-
standing should be conceptualized as an ability: It is the ability to make sense of ex-
periences, situations, or phenomena in the world. Importantly, the analysis in this
section concerns understanding in general and is not limited to scientific under-
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standing. However, if I succeed in showing that understanding is reasonably cap-
tured by my definition of ability, specific types of understanding, including scien-
tific understanding, will likely be accommodated by my definition as well. To get
started, let us take another look at the authors I was concerned with in the previous
section.

4.2.1 Early views on understanding as an ability

Already Gilbert Ryle was concerned with the notion of understanding in his investi-
gation on knowledge-how and asked: “What is this difference between merely wit-
nessing a performance and understanding what is witnessed? What, to take another
example, is the difference between hearing what a speaker says and making sense
of what he is heard to say?”** According to Ryle, “understanding is a part of knowing
how. The knowledge that is required for understanding intelligent performances of a
»5¢ Ithasto
be noted that Ryle does not talk about understanding natural or social phenomena,

specific kind is some degree of competence in performances of that kind.

but rather actions performed by other individuals. Consider the following baseball
example as an illustration. A spectator who knows nothing about baseball and its
rules and has no minimal competence to play baseball will not understand whether
the players he observes on the field are playing intelligently or not. He would not be
in a position to judge the actions of the teams playing.

According to Ryle, the abilities of appreciating certain performances and exe-
cuting these performances, like understanding something, are a specific capacity,
namely multi-track, and not single-track, dispositions. Recall that these allow for
a wide variety of more or less similar practices. Single-track dispositions cover re-
flexes or habits, meaning that single-track dispositions amount to the same behav-
ior every time it is manifested. Multi-track dispositions, in contrast, refer to capac-
ities of adhering to certain criteria without imposing any or a specific performance
that meets the criteria. To this, Ryle adds two important provisos. Namely, that the
capacity to execute and appreciate performances does not necessarily involve the
ability to articulate criticism about them, and that the ability to perform a specific
operation is more demanding than the ability to appreciate it. If this would not be
true, there would be no teachers and students who admire their teachers’ perfor-
mances.”’ That s, usually agents first learn how to distinguish excellent from clumsy
performances, which requires already some degree of understanding the perfor-
mance, before learning how to perform excellently themselves.

55  Ryle (1949), p. 51.
56  Ibid. p.53.
57  Seeibid. pp. 46, 54f.
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Ryle also relates the concepts of understanding, partial understanding and mis-
understanding to his notion of knowledge-how. He wants to strengthen his view
that understanding is a part of knowing-how even more by comparing the partial
nature of knowledge-how and understanding in contrast to (propositional) knowl-
edge. For both understanding and knowing-how it is natural to speak about some-
one understanding, e.g. chess partially or having partial knowledge of how to play
chess. In contrast, it is not possible to speak about the partial knowledge of individ-
ual truths or propositions in the same way. Although it is possible and appropriate to
talk about partial knowledge about a topic that involves many propositions, it is not
possible to say that ‘I partially know that today is Monday’. Whereas knowledge can
only be imparted, ways of doing can only be inculcated, and inculcation is a gradual
process. The gradual nature of knowing-how and of understanding is the source of
misunderstanding. Only if someone partially understands Japanese could he mis-
understand a text written in Japanese. Therefore, Ryle arrives at the both comfort-
ing and motivating conclusion that mistakes are exercises of competence. Without
having partial competence, it would not be possible to make mistakes. And impor-
tantly, where there are mistakes or misunderstanding, there always is the possibility
to correct these mistakes and to gain (a better) understanding. Therefore, learning
and participating in controversies is crucial for gaining knowledge-how and under-
standing as a part of knowing how.*®

Not only Ryle, but Polanyi, too, is concerned with ideas about understanding,
misunderstanding, and sense-making, which he discusses in the context of articu-
lation. Let’s have a closer look at Polanyi s investigation of, as he calls them, articu-
late and inarticulate intelligence, and how they relate to understanding.

Polanyi starts his analysis with a presentation of three classes of inarticulate in-
telligence that animals and young children possess as well. These are contriving a
skillful action (like a rat learning to depress a lever to receive food), observing a sign-
event relation (like a dog learning that the sound of a bell is followed by the appear-
ance of food), and understanding a situation (like a rat that, after learning to run
a maze without obstacles, will find the shortest alternative way when some path is
blocked). Acquisitions of these types of intelligence are instances of latent learning
in which an animal reorganizes its behavior. It exploits a specific means-ends rela-
tion to serve some purpose. Understanding a situation is the most elaborate class
of inarticulate intelligence because it can be manifested in more numerous and less
predictable ways than contriving or observing a situation. The achievement of un-
derstanding, the ability to derive various alternative modes of behavior based on
the acquired latent knowledge of the situation, represents a basic logical operation
that foreshadows the usage of an articulate interpretative framework. In its function
as a representation of a complex situation, an articulate interpretative framework

58  Seeibid. pp. 57-59.
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allows for ever new inferences concerning possible future aspects of the situation
with only a minimal exploration of it. Polanyi claims that these three classes of ani-
mallearning are three primitive faculties that are more highly developed in humans,
meaning that understanding amounts to an act of interpretation when articulation
is involved.*

When talking about language, Polanyi includes not only writing, but also other
forms of symbolic representation in the notion of language, like mathematics,
graphs, maps, diagrams, or pictures. This broad notion of language is due to the
two principles of language that Polanyi identifies. One principle covers the process
of linguistic representation, the other controls the operation of symbols for con-
tributing to the process of thought.®® Polanyi summarizes the first principle as the
application of “the theory of the universe implied by our language to the particulars
of which we speak.” In his view, this is what humans do when they learn a lan-
guage, its vocabulary and grammar, and use it to talk about things. Polanyi takes
this process to be necessarily unformalized and inarticulate. Learning and applying
language to things, denoting things, is a skill in itself. For example, I get to know the
English word ‘tree’ and learn that the word denotes certain objects that have specific
features. Once I learned the word ‘tree’ and the related concept, I will be able to apply
it to new objects that fall under the concept, I will be able to call new objects ‘tree’.
The second principle that Polanyi introduces covers cases of using language for
thought. This is an even more demanding ability since it requires the reproduction,
storage, transport and re-arrangement of language symbols. A representation of
experience needs not only to denote a thing (first principle of language), but rather
has to be devised or applied in order to reveal some new aspect of it (second principle
of language). For example, if I face an object that I cannot immediately identify as
a tree or a bush, I will reorganize the linguistic symbols I possess in order to make
sense of that object. Is it a tree, a bush, something else? Polanyi calls the ability to
represent experiences in terms of manageable symbols that can be reorganized in
order to yield new information the ability of interpretation. However, Polanyi does
emphasize that new information is not supplied by merely manipulating symbols.
To count as an instance of a real enhancement of intellectual powers by adequate
symbols, to gain genuine understanding of an experience or situation, the manip-
ulation of symbols needs to be accompanied by an inarticulate skill of reading the
results of the manipulation.®

59  See Polanyi (1962 [1958]), pp. 72ff, 76—79.
60 Seeibid. pp. 81-84.

61 Ibid. p. 84.

62  Seeibid. pp. 84ff.
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[This] performance does require a measure of controlling intelligence. The origi-
nal situation [..] must be understood and the problem involved in it clearly recog-
nized; then its symbolic representation, including the subsequent operations, has
to be correctly performed and the result correctly interpreted. All of this requires
intelligence, and it is in the course of these tacit feats of intelligence that the for-
mal operations utilized in the process are accredited and their result accepted by
the person carrying them out.®

Polanyi specifies how the tacit or personal dimension contributes to the explicit or
formal dimension, how language and thought are related, by looking at cases where
the two domains fall apart.

More precisely speaking, we should say that we are referring [...] to a state of men-
tal uneasiness due to the feeling that our tacit thoughts do not agree with our
symbolic operations, so that we have to decide on which of the two we should rely
and which we should correct in the light of the other. [...] There will always remain
certain chances of error—and even of grave error—which arise from our very adop-
tion of an articulate interpretative framework.®

That is, the theory of the universe that is implied by any language might be wrong,
either completely or with respect to certain aspects of the world. To determine
whether a language captures truths about the world, the text (the part of language
in question), the conception suggested by it, and the experience on which it might
bear have to be considered. Then, three options remain: the language, and thereby
the text, is modified, the experience is reinterpreted, or the text is dismissed as
meaningless altogether.®

Beneath this intellectual strive to establish coherence among language and per-
ception acts an active principle that humans and other animals possess, so Polanyi
argues. This principle urges them to discover truths in the world through perception
and, in the case of humans, also through language. “We strive for understanding and
satisfy our desire for it by seeking to frame conceptions of the greatest possible clar-
ity.”®¢ Since this striving is already manifested in perception, e.g. when the lens of
one’s eye gets adjusted by muscles in order to see a certain object sharply, it high-
lights the important contribution of sense perception to the tacit components of
articulated knowledge.*” “If perception prefigures all our knowing of things, drive
satisfaction prefigures all practical skills, and the two are always interwoven. [..]

63 Ibid. p. 87.

64 Ibid. pp. 97f.

65  Seeibid. pp. 98f.

66 Ibid. p.100.

67 Seeibid. pp.100-103.
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Therefore, at each of the innumerable points at which our articulation is rooted in
our sub-intellectual strivings, or in any inarticulate feats of our intelligence, we rely
on tacit performances of our own, the rightness of which we implicitly confirm.”*®
These considerations on an active principle or strive to make sense of the world
that, in Polanyi’s words, urges all increase in knowledge through perception or lan-
guage sheds some light on the tacit faculty that enables humans to conciliate expe-

rience and language.

[Humans possess a] power for comprehending a text and the things to which the
text refers, within a conception which is the meaning of the text. [..] The urge
to understand experience, together with the language referring to experience, is
clearly an extension of this primordial striving for intellectual control. The shaping
of our conceptions is impelled to move from obscurity to clarity and from incoher-
ence to comprehension, by an intellectual discomfort similar to that by which our
eyes are impelled to make clear and coherent the things we see. In both cases, we
pick out clues which seem to suggest a context in which they make sense as its
subsidiary particulars.®®

Polanyi repeatedly emphasizes the inextricable relation between articulate and inar-
ticulate intelligence.

Thisis the sense in which | called denotation an art. To learn a language or to mod-
ify its meaning s a tacit, irreversible, heuristic feat; itis a transformation of our in-
tellectual life, originating in our own desire for greater clarity and coherence, and
yet sustained by the hope of coming by it into closer touch with reality. Indeed,
any modification of an anticipatory framework, whether conceptual, perceptual or
appetitive, is an irreversible heuristic act, which transforms our ways of thinking,
seeing and appreciating in the hope of attuning our understanding, perception or
sensuality more closely to what is true and right.”°

Like Ryle, also Polanyi draws a connection to misunderstanding in the context of
re-interpreting language. Since our articulate interpretative frameworks will never
be immune to inappropriateness and therefore to revision, our understanding of
language as well as of the aspects of the world that are denoted will change when
language is re-interpreted. When committing verbal mistakes that originate from
some inappropriate conception of certain aspects of the world, the subject will feel
puzzled and might recognize or even overcome her misunderstanding. Polanyi

68 Ibid. pp.104f.
69 Ibid. pp.105f.
70 Ibid. p.111.
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presents an example from chemistry in which re-interpretations allowed for a bet-
ter understanding. When John Dalton introduced the atomic theory of chemistry in
1808, it was immediately accepted. The atomic theory basically states that all matter
is composed of atoms, that all atoms of one element are identical, and that atoms
of different elements differ in size and weight. Although chemists used the atomic
theory universally, it was not very well understood. Only fifty years later, in 1858,
Stanislao Cannizzaro introduced a new articulate interpretative framework in form
of a distinction between atomic weight, molecular weight and equivalent weight
(weight per valence). These related conceptions have been used interchangeably
before, which led to some confusion and conflicts in the chemical community. For
example, Dalton rejected Avogadro's Law because it contradicted the atomic the-
ory.” As Polanyi states, “the appositeness of Cannizzaro’s interpretative framework
brought new clarity and coherence into our understanding of chemistry.””*

Cannizzaro improved the language of chemistry due to his better understand-
ing of the subject matter, which allowed him to develop and use a more appropriate
interpretative framework. Polanyi describes the form of confusion, which arose for
example in the chemical community in the early 19" century, as a deficiency of intel-
lectual control. Such a deficiency of intellectual control amounts to discomfort and
can only be remedied by conceptual and linguistic reform. The divergence of text and
meaning, of language and experience, in science but also in everyday life, indicates
a problematic state of mind. Every time this is resolved, that is, when the text or
experience is re-interpreted or when a text is dismissed as meaningless, some new
meaning is created that adheres to standards of clarity and reason. That is, we call a
newly discovered kind of beetle a beetle and not a butterfly, because our conception
of beetle by which we include the new species makes sense. A modification of our
conception of butterfly to cover the new species would not make sense.”

Polanyi then relates his discussion of the inarticulate and the articulate manifes-
tations of intelligence to his notions of subsidiary and focal awareness already men-
tioned throughout section 4.1. While humans pay attention to a specific situation
they are concerned with, they subsidiarily adjust conceptions they already possess
and change the use of their language so that they can accommodate new things that

71 Seeibid. pp.112f. Atomic weight, nowadays called atomic mass, is the mass of atoms of chem-
ical elements. Molecular weight, also known as molecular mass, is the sum of the atomic
masses of all the atoms in a molecule. Equivalent mass or, in former times equivalent weight,
for chemical elements is the atomic mass divided by the valence. It is the mass of an element
which is able to bind or displace one gram of hydrogen. For example, the equivalent mass of
oxygen is 16/2 = 8. The valence depends not only on the element, but also on the chemical
reaction under consideration.

72 Ibid. p.113.

73 Seeibid. pp. 113-117.

hittps://dol.org/10.14361/6783839472620-006 - am 14.02.2026, 09:24:54,

n7


https://doi.org/10.14361/9783839472620-006
https://www.inlibra.com/de/agb
https://creativecommons.org/licenses/by/4.0/

n8

Anna Elisabeth Hohl: Scientific Unterstanding - What It Is and How It Is Achieved

were recognized as new versions of already known kinds of things. The focal atten-
tion is targeted at making sense of the situation we are facing, as our inarticulate
intelligence adapts and modifies our conceptual framework. This process is compa-
rable to the unconscious interpretation of sensory cues in the context of perception
or to the extension of skills by practicing them in as yet unknown situations without
being focally aware that one is extending one’s skill, so Polanyi argues.” The sub-
sidiary search for words to manage a new situation keeps changing the meaning
of language. This ability is ultimately manifested in the existence of many different
languages, which emerged because different groups of people in different regions of
the world at different points in time arrived at different conclusions concerning the
conceptions and words they use. The alternative conceptual frameworks sustained
by different groups are of course influenced by the things that these groups experi-
ence. As a result, the conceptual frameworks express specific theories of the world.
Every child accepts the respective theory of the universe implied in a language in the
process of learning that language, and every intellectual strive of adults will happen
within this framework. One important implication of this according to Polanyi is
that humans are divided into groups due to their different vocabularies to interpret
the world. This leads to groups that cannot understand each other’s way of seeing
the world.”

In sum, Polanyi argues that any kind of human thinking or reasoning about the
world is not possible without language and that we cannot understand any situation
or phenomenon in the world without employing our respective language. In his own
words:

Speaking more generally: in order to analyze the use of a descriptive term we
must use it for the purpose of contemplating its subject matter, and an analysis of
this contemplation will inevitably extend to the contemplated object. It will thus
amount to an analysis of the conception by which we are jointly aware both of the
term and the subject matter, or more precisely, to an analysis of the particulars
covered by this conception: from which we may derive both a more rational use
of the term and a better understanding of the things which it designates.”

4.2.2 Understanding is gradual, multi-track, and its manifestations context-
sensitive

What can we take from Ryle and especially Polanyi for a concept of understanding?
First, both explicitly state that they take understanding to be a competence, a dis-

74  Seeibid., p.118
75  Seeibid. p.118.
76  Ibid. p.122.
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position, or a form of inarticulate intelligence, because understanding comes in de-
grees. Itis natural to speak of understanding something only partially, as it is natu-
ral to speak of any competence to be only partially acquired by a subject. This is not
the case for (propositional) knowledge. One knows that p, or one does not know that
p, but one does not partially know that p. Second, both Ryle and Polanyi expect that
understanding can be manifested in various possible and unprecedented ways. To
be a multi-track disposition, Ryle demands understanding to meet certain criteria
without following any specified procedure. Polanyi takes understanding to be the
most elaborated class of inarticulate intelligence, as it enables the generation of al-
ternative and non-predicted results. So, it is not only the case that understanding
comes in degrees, that is, that certain experts have a better understanding of their
field of expertise in comparison to laypeople, but also that the experts among them-
selves might have a different understanding of the very same phenomena they are
concerned with, since they could understand one and the same phenomenon quite
differently from each other. Third, and this point has been stressed by Polanyi specif-
ically, a crucial factor for human understanding is language, an articulate concep-
tual framework. The languages humans learn and adopt through growing up in spe-
cific cultures are the reference frames in respect to which humans understand the
world and phenomena in it. Different scientific disciplines or communities, which
can be viewed as cultures”” themselves, developed sophisticated and formalized lan-
guages that can accommodate the phenomena these disciplines are concerned with.
As different cultures developed different formalizations of the world, different con-
cepts and different languages, they understand the world differently and might not
be able to make sense of the conception that another person using a different lan-
guage applies to certain phenomena.” Hence, while experts might understand the
same phenomenon differently by using different articulate conceptual frameworks,
they will all have manifested the same ability, namely understanding, through align-
ing language and the phenomenon.

These three aspects, the partial possession or mastering of a competence, the
multi-trackness that gives room for various forms of manifestation of the under-
standing, and the dependence on specific articulated conceptual frameworks, al-
low for making mistakes or for misunderstanding something. Something like this

77 As for example Knorr-Cetina argued, see Knorr-Cetina, K. (1999), Epistemic Cultures:
How the Sciences Make Knowledge. Cambridge (MA), Harvard University Press, DOI:
10.4159/9780674039681.

78  Thomas Kuhn and Paul Feyerabend had similar thoughts and introduced the idea of incom-
mensurability (of scientifictheories) in the 1960s. For an overview see Oberheim, E. & Hoynin-
gen-Huene, P, "The Incommensurability of Scientific Theories", The Stanford Encyclopedia of
Philosophy (Fall 2018 Edition), Edward N. Zalta (ed.), URL = https://plato.stanford.edu/archiv
es/fall2018/entries/incommensurability/ (last accessed April 16, 2022). | thank David Lam-
bert for pointing this out to me.
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is not possible in the case of knowledge. There is no meaningful way of saying ‘I have
misknown that p’, although it is perfectly appropriate to say that I misunderstood p.
Let me elaborate these three features with some examples.

The first aspect of understanding on which Ryle and Polanyi agree is its gradual
nature. In the current debate on understanding among epistemologists and philoso-
phers of science, the gradual nature of understanding is one of the few aspects that
is not being challenged by anyone as far as I know. It is not clear, however, how ex-
actly differences in the degree of understanding shall or could be accommodated.”
Despite the varying attempts to spell out differences in degree of understanding,
nobody would oppose that, say, a first grader’s understanding of volcanic eruptions
is not as good as the understanding a first semester geology student has of volcanic
eruptions, which again is probably not as good as the understanding that a geology
professor has of volcanic eruptions. I will come back to the graduality of understand-
ing in chapter six in the context of my account of scientific understanding.

The second aspect concerns the feature of understanding being a multi-track
disposition. Understanding can be manifested in various unprecedented ways by
still adhering to given standards. This idea can be clarified by referring to the sec-
ond principle of language that Polanyi introduces. To understand a new experience,
situation, or phenomenon, an agent needs the ability to manipulate symbols cor-
rectly and interpret the result of the manipulation correctly. To correctly manipu-
late and re-interpret symbols amounts to adhering to the rules of grammar of the
respective language and to accommodating the experience. Bringing experience and
language into line is an ability. While we are consciously trying to make sense of an
experience, we have no access to the ways in which our mind tries to conciliate lan-
guage and experience. Recall the three options that Polanyi offers for these cases.
One could dismiss a text, that part of the language that is targeted towards a spe-
cific experience, altogether, as it was the case with phlogiston theory. Alternatively,
one could modify the text, which is what happened in the episodes of Cannizzaro’s
clarification of the atomic weight. Finally, one could re-interpret the experience in
light of the existing language, which is what Ludwig Boltzmann did to resolve the
specific heat anomaly. Boltzmann, while neither adding nor modifying any concept
in the language of physics of his time, used the concept ‘degrees of freedon? intro-
duced by James Clerk Maxwell and re-interpreted the behavior of anomalous gases
in a way that resolved the specific heat anomaly.® In all of these cases, it is not only
impossible to determine or prescribe in advance which of the three options should
be chosen. Also it is impossible to specify in advance how precisely either of the three

79  See Baumberger, Beisbart & Brun (2017), pp. 26f.
80  For a detailed analysis and discussion of this episode from scientific practice, see de Regt
(2017), pp. 205-216.
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options will be executed. If the text is dismissed, how will the phenomenon be ac-
commodated? Through a new text and if so, what will that look like? If the text is
modified, how is it modified and what will it look like in the end? If the phenomenon
or experiences is re-interpreted, what will the new interpretation be? How individ-
uals handle hitherto unknown situations, solve unknown problems, or understand
new phenomena can never be known in advance, even if they use the same con-
ceptual framework. The understanding individual herself and the other members
of her community can only assess her understanding retrospectively with regard to
the grammatical rules of their language and its success in accommodating the ex-
perience in question.

Concerning the third aspect, the possibility of misunderstanding due to mod-
ified or different conceptual frameworks, every conceptual framework might be
wrong in fundamental ways, as Polanyi recognizes. Humans construct conceptual
frameworks because they strive to discover truths about the world, and through
the storage of a great amount of information in language, more and more details
of the world can be recognized, analyzed, and, ultimately, understood. Concepts
that persist over a long period of time have proven to be successful in many in-
stances. However, no concept will ever be immune to revision. Languages improve,
concepts are changed or added to accommodate new experiences better.®" These
changes in language reflect the changes, and possibly even the degrees, of under-
standing. For example, the language of phlogiston theory has been abandoned by
chemists. From our contemporary perspective, chemists who understood com-
bustion through phlogiston theory completely misunderstood the phenomenon,
since we know nowadays that phlogiston does not exist. However, whether an
individual understood or misunderstood is a matter of context. Phlogiston theory
was very successful for almost 75 years and its proponents had some good empirical
justification to apply and to defend it. They had reasons to assume that phlogiston
exists and that the theory brought them closer to reality. When phlogiston theory
has been developed, no one could know that it is false. This had to be discovered

81  Thisidea is comparable to the concept of epistemic iteration that Hasok Chang introduced.
Based on his discussion of the development of thermometry, Chang argues that ““epistemic
iteration is a process in which successive stages of knowledge, each building on the preced-
ing one, are created in order to enhance the achievement of certain epistemic goals. ... In
each step, the later stage is based on the earlier stage, but cannot be deduced from it in any
straightforward sense. Each link is based on the principle of respect and the imperative of
progress, and the whole chain exhibits innovative progress within a continuous tradition.”
Iteration provides a key to understanding how knowledge can improve without the aid of
an indubitable foundation. What we have is a process in which we throw very imperfect in-
gredients together and manufacture something just a bit less imperfect” Chang, H. (2004),
Inventing Temperature: Measurement and Scientific Progress, New York, Oxford University Press,
DOI: 10.1093/0195171276.001.0001, p. 226.
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over time.®” The language of modern chemistry is different than its predecessors in
the 17" and 18" century, and this change in language accompanies and mirrors the
gradual nature of understanding.

Episodes of revised conceptual frameworks and the accompanying understand-
ing can, of course, be found in other disciplines, too. Consider, for example, de Regt’s
case study of early quantum physics and the rivalry between Erwin Schrédinger and
Werner Heisenberg regarding the construction of an adequate theory of the struc-
ture of atoms. Schrédinger’s wave mechanics represented the atomic structure in
terms of wave functions, which was a very different form of articulation compared
to Heisenberg’s theory of matrix mechanics. Matrix mechanics did not represent
atomic structure directly, but rather described relations between observable quan-
tities like frequency or intensities of spectral lines. Additionally, Heisenberg formu-
lated his theory in the mathematical language of matrices, with which most physi-
cists were not familiar in the early twentieth century. That is, Heisenberg used a dif-
ferent language, a different articulate interpretative framework, than Schrédinger,
while both were concerned with the same phenomenon, namely, the atomic struc-
ture. As aresult, theyjudged each other’s theory as unintelligible. Also, both theories
were not without problems in accommodating known atomic phenomena, which
again encouraged further critique by both parties against the opposing camp. It
was Wolfgang Pauli, a companion of Heisenberg and supporter of his theory, who
claimed that the new theory, or conceptual system, of matrix mechanics first has to
be learned by everyone in the physical community, that the conceptions employed in
the new theory must be understood, before it can be successfully used. Ultimately,
the work of Schrodinger and Heisenberg has been combined and resulted in the the-
ory of quantum mechanics that is known and taught today.®*

4.2.3 Understanding is the ability to make sense of a phenomenon

Given the fundamental difference between knowing-how and knowledge-that, in
this section I aim to show that understanding is a kind of knowing-how because, in
alignment with Ryle and Polanyi, understanding is a gradual and multi-track dis-
position whose manifestations are context-sensitive. The concept of propositional
knowledge as being something like justified true belief cannot capture what we asso-
ciate with understanding, namely some competence of making sense of a situation,
create ameaning, oryielding new information. How does this notion of understand-

82  For a detailed discussion of the merits of phlogiston theory, see Chang, H. (2012), Is Water
H,0? Evidence, Realism and Pluralism, Dordrecht, Springer, DOI: 10.1007/978-94-007-3932-1.

83  Foran extensive and detailed discussion of this case study from physics, see De Regt (2017),
chapter 7.
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ing fit with my definition of abilities developed in chapter 4.1? There, I presented the
following definition:

xisan ability ifand only if x

i. isadisposition to perform a cognitive or physical activity successfully with re-
spect to relevant standards,

ii. hasbeenlearned and trained in a specific social context, and

iii. manifests in processes that are partially tacit (i.e. that can never be made fully
explicit).

The notion of understanding sits well with this. First, understanding is a disposi-
tion to perform a cognitive activity, namely making sense of a phenomenon through
aligning language with experience. The match of language and experience must ad-
here to the non-formalizable standards upheld by the respective community with-
out consciously reflecting on them. Second, those implicit standards are learned
through participation in a community. By being raised and trained in a language, in
acultural community, humanslearn how to use and speak the language, and to mod-
ify it to accommodate or manage new experiences. However, not just any modifica-
tion or manipulation of symbols is allowed. Every language prescribes rules about
its use that have been implemented due to their past success. Any modification of
language must be plausible in light of the rules of grammar and of the experience
is shall accommodate. The interpretation arrived at by the individual’s understand-
ing must make sense in light of the language, the theory of the universe, and the
empirical evidence. Since the development of language serves the human striving
of arriving at an ever more precise and accurate comprehension of the world, the
rules that guide the use of a language serves this superior goal as well. Therefore,
every member of a community agrees to respect the rules of a language, internal-
ize and act upon them. However, the rules themselves are not valid eternally, but
rather susceptible to change if they cannot accommodate (some) experience at all.
The rules that govern the use and modification of a language depend on the specific
context of the community. Hence, these rules can only be learned and internalized if
one is a member of the respective community. Humans learn how to bring language
and experience into accordance with one another by interacting with other, already
versed individuals. Novices, both in science or in everyday life, learn and train how to
understand phenomena under the guidance of teachers and supervisors. Teachers
and supervisors assess whether the understanding of a phenomenon that students
acquired is adequate. When the students demonstrated that they arrived at an ade-
quate understanding often enough, it will be determined that they successfully ac-
quired the ability to understand particular phenomena in the world. And third, the
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manifestation of understanding is partially tacit for the subject, may it be a student
or any other, more experienced person. While the person is consciously aware of the
phenomenon, the situation, or experience she wants to understand, she is not aware
of all her mental performances through which she ultimately conciliates experience
and language.

After arguing in section 4.1 that abilities are dispositions to succeed, I suggested
throughout this section that understanding could be conceptualized as an ability, a
disposition to succeed in making sense of some phenomenon or experience. When-
ever a subject understood something, she will have manifested the ability to under-
stand by creating some meaning of the phenomenon that is acceptable given the re-
spective standards. But how exactly do subjects do this, how exactly is understand-
ing manifested? I provide an answer to this question in the next section.

4.3 The manifestation of scientific understanding

In the previous two sections, I developed and defended a definition of ability and
argued that understanding fits this definition of ability. Now, if we accept this and
take understanding to be an ability, a disposition to succeed, how exactly is under-
standing manifested? I already claimed that understanding manifests in aligning
language with experience, but can this be spelled out in more detail? That is the task
towhich I shall now turn. In section 4.3.1, I address a prominent concept in the liter-
ature on understanding, grasping, and clarify what I mean with this notion. Follow-
ing that, I argue why, in addition to grasping, articulating an explanation is neces-
sary for (scientific) understanding in section 4.3.2 by drawing on Michael Polanyi’s
work on articulation and Mark Newman's model of understanding. This also is a
clarification of the necessary relation between scientific understanding and scien-
tific explanation, for which I argued in chapter three. In sum, I argue in this sec-
tion that scientific understanding is manifested in the process of grasping relation
of a phenomenon and articulating these relations as explanations. Importantly, my
claims in this section are intended to cover scientific understanding, understand-
ing gained in science, and not necessarily all kinds of non-scientific understanding.
Neither do I claim that all kinds of understanding are manifested through grasp-
ing relations and articulating explanations, nor that only scientific understanding
is manifested through grasping relations and articulating explanations. However,
an analysis of a categorization of types of understanding that are manifested in this
way and those that are not is a topic for further research and not covered by this
book.
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4.3.1 Grasping relations

When we consider possible manifestations of the ability to understand, one can-
didate that can be considered is grasping. The notion of grasping is ubiquitous in
the debate on understanding and closely related to discussions about abilities in the
context of understanding. Quite many scholars try to clarify what understanding is
by reference to the notion of grasping. To my knowledge, Jonathan Kvanvig, whose
view I presented in detail in section 3.3, was the first who gave grasping a prominent
role in his analysis of understanding. According to him, “to understand is to grasp
the variety of [...] connections [between pieces of information].”®* Unfortunately, it
remains unclear what Kvanvig means exactly when he talks about grasping, as he
does not elaborate this term any further. If “grasping”is used merely as another term
for “understanding” without any further explication, the mere introduction of this
term will not lead to any insights about understanding. Hence, several different and
partly conflicting accounts of grasping are offered by various scholars.®

Before I address different views of grasping, let me emphasize the one com-
mon and basic assumption that unites all the different views of grasping. Whatever
grasping might be in the end, grasping is taken to demarcate understanding from
knowledge. Baumberger, Beisbart & Brun provide a nice example that elucidates this
basic idea:

Suppose that a climate scientist explains to her young son that the global mean
surface temperature has massively increased since the middle of the 20™ century
because of increasing greenhouse gas concentrations. Since she is right and her
son has good reasons to believe her explanation, he may be said to know why the
global mean temperature hasincreased. But he does not seem to understand why.
When asked why this is so, all he can do is to repeat his mother’s explanation.
The problem seems to be that he does not really grasp the explanation. But what
exactly is he lacking?®

It is the answer to the question raised at the end of the example on which scholars
working on understanding disagree, but they do not disagree on the problem. Here,
I present two different interpretations of the notion of ‘grasping’, the “naturalistic
view” and the, to put a label on it, “grasping as abilities”-view. I will argue that the
“naturalistic view” of grasping is more plausible.

A basic insight of naturalists is provided by Daniela Bailer-Jones, namely that
“understanding has a subjective component, in addition to the publicly accessible

84  Kvanvig (2009), p. 96.

85  For a good overview of different accounts of and controversies concerning grasping, see
Baumberger, Beisbart & Brun (2017), pp. 12—17.

86  Ibid. p.12.
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component represented by explanation, in the sense that understanding takes place
in an individual’s mind.”®” Michael Strevens thinks along similar lines. He takes
grasping of a correct scientific explanation of a phenomenon to be necessary for
understanding this phenomenon and views grasping as a “fundamental relation
between mind and world, in virtue of which the mind has whatever familiarity
it does with the way the world is.”®® On that basis, Reutlinger et al. conclude that
grasping is a philosophically primitive notion, i.e. that it does not matter for a philo-
sophical analysis of understanding that grasping cannot be clearly defined. Since
they take this to be a task for cognitive scientists, they call their view of grasping
the “naturalistic view”. However, what is important for philosophical accounts of
understanding is that grasping is the subjective component of understanding, that
grasping allows for some epistemic accessibility of a phenomenon for scientists, or
subjects more generally. Grasping is taken to be a fundamental relation between
mind and world.® Therefore, grasping (having epistemic access to) a phenomenon
is a necessary condition for understanding it, but grasping is not identical to
understanding.

However, this is not the only view on grasping. I call an alternative conception
the “grasping as abilities”-view. Christoph Baumberger argues that “grasping the
causes or reasons why p [...] is better spelled out in terms of having certain abilities
that are not required for simply believing that the factors in question are the causes
or reasons why p.”° The possession of knowledge depends on certain abilities, too,
like memorizing and quoting information, but these are not the abilities that are
necessary for understanding.

87  Bailer-Jones, D. (1997), Scientific Models: A Cognitive Approach with an Application in Astrophysics.
Ph.D. Thesis, University of Cambridge, p. 122.

88  Strevens, M. (2013), “No Understanding without Explanation”, Studies in History and Philosophy
of Science A, 44 (3), pp. 510—515, DOI: 10.1016/j.shpsa.2012.12.005, p. 511. It should be noted that
Strevens adopts an ontic conception of explanation. Thatis, he views explanations as physical
entities that exist in the causal structure of the world. The ontic conception of explanation
is opposed to the epistemic conception of explanation, according to which explanations are
representations of phenomena in the physical world. So for Strevens, grasping a scientific
explanation means thatasubject grasps an actual causal process in the world, and not merely
arepresentation of that process. See Strevens (2008), p. 6. In contrast to Strevens, | endorse an
epistemicconception of explanation. This fundamental difference aside, Strevens and | agree
on a basic notion of grasping in the sense that (aspects of) phenomena in the world have to be
grasped, and not merely an explanation in the sense of a representation, if a subjects wants
to gain understanding of the phenomena in question.

89  SeeReutlinger, A., Hangleiter, D. & Hartmann, S. (2018), ,Understanding (with) Toy Models.”
British Journal for the Philosophy of Science, 69 (4), pp. 10691099, DOI: 10.1093/bjps/axx005, pp.
1082—-1085.

90 Baumberger (20m1), p. 73.
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Baumberger suggests that for having understanding “why p (where q is why p)
then [one is] (to some extent) able

i) to comprehend and render an explanation of p which shows (e.g. by means of a
generalization) how p depends on g,

ii) draw the conclusion that p (or that probably p) from the information thatq, and
iii) for some p* and q*, similar but notidentical to p and q, draw the conclusion that
p* (or probably that p*) from the counterfactual assumption that q* and, counter-
factually assuming that p¥, explain it with the help of g*”*'

If the aspired understanding is not limited to grasping the causes or reasons for a
phenomenon, the grasping of different or more dependency relations amounts to
more of the same abilities that are already necessary for understanding the causes
of a phenomenon, according to Baumberger.®* Steven Grimm adopts a similar view
on grasping as Baumberger and describes grasping dependency relations as “being
able to “see” or anticipate how varying the value of one of the variables will lead (or
fail to lead) to a change in the value of another variable. What this grasp involves is
thus the ability to make modal inferences or to “see” into modal space.”®® Both Baum-
berger and Grimm view grasping to encompass other and possibly several different
reasoning skills. For Grimm, grasping involves (at least) the ability to make modal
inferences, whereas Baumberger takes grasping to include comprehending and pro-
viding an explanation as well as making varying kinds of inferences, as I state above.

What shall we make of these two different conceptions of grasping? I argue that
the naturalistic view of grasping is more plausible than the “grasping as abilities”-
view. Bailer-Jones correctly points out that understanding takes place in the minds
of individuals and I argued in section 4.2 that understanding is taken to be an abil-
ity to make sense of a situation, create a meaning, or yield new information. Hence,
it is plausible to conceive understanding as a cognitive ability that is manifested in
our minds. Therefore, the manifestation of understanding is a cognitive process as
well. However, as we often wish to understand phenomena, things, or situations that
take place outside of our minds, in the world, we need to establish some connection
between our minds and the things we want to understand. If we do not do this, I
would not know how it should be possible to understand anything outside of our
minds. Here grasping comes in. For an account of understanding, it is sufficient
to think of grasping as getting epistemic access to a phenomenon. The metaphors
of ‘seeing, recognizing, or becoming aware of’ relations of phenomena in the world
might be instructive here. This view is in accordance with Strevens and Reutlinger et

91 Ibid. p.73.
92  Seeibid. p.79.
93 Grimm (2017), pp. 216f.
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al., who identify grasping as having epistemic access to the object of understanding.
Hence, I am also taking a naturalistic stance on grasping. If we want to understand
phenomena in the world, we need access to them. When a person grasps a relation,
this relation somehow catches the attention of the person, it gets into her focus.
She somehow recognizes that there is something interesting or relevant about the
phenomenon that she wants to understand. And it only happens in the next step,
after recognizing that some relation is there, that the person applies modal, coun-
terfactual, inductive, deductive or analogue reasoning to make sense of the relation
that has just been grasped. I take grasping to be a process that precedes and is dis-
tinct from other reasoning processes. I do not view grasping to be a composition of
reasoning skills, as Baumberger and Grimm argue, because a person cannot make
modal inferences or reason about something that she is not aware of at all. Individu-
als first need to grasp something they should or could reason about, before they can
actually reason about it. Without establishing a relation between mind and world,
without grasping, no reasoning about things could ever begin. Hence, grasping is
worth to be taken as a distinct process.

In sum, grasping is the process of getting epistemic access to relations of the
phenomenon that shall be understood. But what about explanation? I argue in chap-
ter three that understanding requires explanation, but my conception of grasping as
‘seeing relations does not capture or include explanation. This problem can be solved
in taking grasping to be only a partial manifestation of understanding. The complete
manifestation of understanding requires grasping relations of the phenomenon as
well as articulating explanations of the phenomenon. I address the second compo-
nent of the manifestation of understanding in the next section.

4.3.2 Articulating explanations

How to flesh out the idea that articulating explanations is a necessary component
of the manifestation of understanding? Michael Polanyi, again, provides helpful
insights on this matter, when he investigates the role of articulation for scientific
thought.

Humansrely on articulate interpretative frameworks as representations of com-
plex situations to assist and guide their actions. Applying an articulate interpretative
framework to a situation decreases the amount of mental work that a subject has to
invest for analyzing a situation. Humans do not need to explore any new situation
in all its complexity because the articulate framework already provides an interpre-
tation of the situation, so Polanyi argues.” Therefore, the subject can almost imme-
diately pass on to solve a specific problem in the given situation, without spending
much time and energy to make sense of the situation in the first place.

94  See Polanyi (1962 [1958]), p. 76.
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Moreover, by being prepared to speakin our language on future occasions, we an-
ticipate its applicability to future experiences, which we expect to be identifiable
in terms of the natural classes accredited by our language. These expectations
form a theory of the universe, which we keep testing continuously as we go on
talking about things. So long as we feel that our language classifies things well,
we remain satisfied that it is right and we continue to accept the theory of the
universe implied in our language as true.*®

The ability of using language in thought enhances the intellectual powers that
humans possess. And Polanyi identifies several levels of articulation. The highly
specialized scientific nomenclatures, symbolic operators or numerical denotations
are expansions of ordinary speech that enable scientists to master even more com-
plex situation or problems. Articulation enables systematization and manageable
records that assist memory as well as speculative imagination because the crucial
aspects of any situation can be presented in a comprised form through articula-
tion.” “Articulation pictures the essentials of a situation on a reduced scale, which
lends itself more easily to imaginative manipulation than the ungainly original.”’

This ‘theory of the universe' is already implied in the sense perceptions, accord-
ing to Polanyi. Perception serves animals as well as humans to find their way around
in the world, to find food or avoid threats. That is, perception provides us with the
clues that we need to solve problems we are confronted with in everyday life. We
trust our perception and experience to convey the things in the world to us in the way
the things really are. Perception already establishes a ‘theory of the universe. Using
language and applying words to objects or situations that we have already identi-
fied through our perception is an extension of that ‘theory of the universe that we
already possess. Through language, it is possible to develop clearer and less ambigu-
ous conceptions of the universe, and the various objects it comprises.?®

Verbal and other linguistic pointers aid and enhance our mastery of any issue
we are confronted with because they enable us to manage massive amounts of ex-
periences and information. However, Polanyi does not argue that we stick to any ar-
ticulate framework forever after we had learned it. On the contrary, he analyses how
language is susceptible to re-interpretation.” Since the world and our experience
of it are constantly changing, the meaning of language and the conceptual frame-
work we are applying in a specific situation will also be modified with every new
instance in which it is applied. We seek to achieve more clarity and precision in our

95 Ibid. p. 83.
96  Seeibid. pp. 86ff.
97 Ibid. p. 88.

98  See ibid. p. 100ff.
99 | mentioned this point, too, in section 4.2 and illustrated it with examples of new articulated
frameworks in chemistry and physics.
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language as well as in our experience in order to find solutions for problems we are
confronted with. Any modification or re-interpretation of an articulated conceptual
framework is done owing to our hope of getting closer to reality. And modifying,
re-interpreting, or even learning a language in the first place does change our ways
of thinking. Polanyi holds that the modification of a conceptual framework is a sub-
sidiary process that takes place while we focus on the situation we are dealing with.
If a conceptual change proves to be successful, it will get established in the frame-
work and transmitted to other member of the community who will continue to use
the modified conceptual framework.’*®

In short, Polanyi argues that the use of language rendered the intellectual
achievements of humankind possible. Humans are able do deal successfully with
complex problems or situations, because our knowledge of the universe is stored,
presented and used in the form of articulated language. Language assists thought;
it enables sophisticated thought processes that would not be possible without the
use of language as a guiding interpretative framework. This is the reason why
humans, some of which are scientists, cannot make sense of phenomena without
using language. Humans are driven by an “urge to understand experience, together
with the language referring to experience. [...] While our thoughts are of things and
not of language, we are aware of language in all thinking [...] and can neither have
these thoughts without language, nor understand language without understanding
the things to which we attend in such thoughts.””** That is, we cannot understand
anything in the world without thinking in our respective language, and scientists
cannot reason about newly discovered relations or aspects of the world without
using language.

A very similar line of thought can be found in the work of Mark Newman, who
provides an example that illustrates the difference between knowing an explanation
and understanding the phenomenon that is presented by this explanation:

Muons [..], which have a proper lifetime of only 2.2 x 10 seconds, can last the
longer travel time of 333 x 107 seconds as they traverse from the upper atmosphere
to the earth's surface. How is this possible?

Explanation emuon: muons are elementary particles which travel at 0.999978 times
the speed of light. Entities that travel this fast are subject to the time dilation ef-
fect of Special Relativity. Time dilation is given by the relation: At=Ato/1-(u?/c?).
Where At is change in time in Earth's reference frame, At, is change in the proper
time of the muon, u is the muon's speed and ¢ is the speed of light. Doing the cal-

100 See Polanyi (1962 [1958]), pp. 108111, 118—123.
101 Ibid. p.106
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culations we find that although it initially seems impossible, muons can actually
last long enough to survive the journey.'®*

A competent English speaker with working memory who reads this explanation and
comes to believe it will know this explanation of the lifespan of muons. But simply
knowing, remembering and even re-stating or re-formulating this explanation in
a linguistic sense does not amount to understanding the phenomenon of the lifes-
pan of muons. What is necessary for gaining understanding of muons with this
explanation is knowledge of the meaning of the concepts that are included in the
explanation, not merely understanding the propositions linguistically. Only if one
knows what a reference frame, proper time, and the time dilation equation mean can
one really understand the lifespan of muons. According to Newman, knowledge of
an explanation can be identified with a linguistic understanding of an explanation,
whereas understanding of the phenomenon, which is presented by an explanation,
requires conceptual knowledge of the ‘deep meanings’, as he calls it, of the concepts
involved.'*

How is it possible to achieve this conceptual knowledge of the deep meanings
of concepts? Newman offers a first possible answer by referring to Conee and Feld-

man'*

and proposes that background beliefs are necessary in order to really un-
derstand an explanation. An expert, in contrast to a novice, has a robust set of back-
ground beliefs concerning the concepts used in an explanation. Therefore, the expert
is in a position to categorize these concepts and make sense of the explanation as a
whole. However, having the relevant background beliefs, i.e. knowing the meanings
of the concepts, is not sufficient for an account of understanding the phenomenon.
Additionally, the expert also has to appropriately use these background beliefs. If she
does not do so, her understanding, if we attribute some understanding at all, will
only be a result of lucky guessing and she will not be justified in accepting her un-
derstanding.'® Importantly, abilities play a crucial role in Newmarn's model as well
and his demand that relevant background beliefs must be possessed as well as used
tounderstand a phenomenon is in line with Polanyi’s analysis of the necessary inter-
play between articulate and inarticulate intelligence in the process of making sense
of, understand, phenomena in the world.

102 Newman, M. (2017), “An Evidentialist Account of Explanatory Understanding.” In Grimm, S.
R., Baumberger, C. & Ammon, S. (eds.), Explaining Understanding. New Perspectives from Episte-
mology and Philosophy of Science, pp. 190—211, New York and London, Routledge, pp. 192f.

103 Seeibid. p.193. Gilbert Ryle formulated and investigated a similar question: “What [...] is the
difference between hearing what a speaker says and making sense of what he is heard to
say?” Ryle (1949), p. 51.

104 See Conee, E. & Feldman, R. (2004), Evidentialism: Essays in Epistemology. Oxford, Oxford Uni-
versity Press, DOI: 10.1093/0199253722.001.0001.

105 See Newman (2017), pp. 193ff.
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Newman's model of understanding, which he calls the “Inferential Model of Un-
derstanding” (IMU), includes the following concepts:

(K) Knowledge of an explanation is an accurate, justified representation of the ex-
planation's propositional content.

(U) Understanding an explanation is achieved when the representation of an ex-
planation's propositional content is internally connected by correct inferences.
(UT) S understands scientific theory T iff S can reliably use principles P, consti-
tutive of T to make goal-conducive inferences for each step in a problem-solving
cycle, which reliably results in solutions to qualitative problems relevant to that
theory.'®

My focus lies on (K) and (U). Newman identifies knowledge of an explanation (K)
with having linguistic understanding of the explanation. If this is achieved, the sub-
ject will have grasped'®” the meanings of each proposition that is involved in the ex-
planation. She will be able to represent the explanation that reflects this grasping. If
a person has explanatory understanding (U), she will have linguistic understanding
and, additionally, link the explanation with correct inferences by exercising default
reasoning. This is an implicit, tacit process. Newman takes the concept of default
reasoning from the work on mental models in cognitive psychology. The basic idea
is that our mental representations are built on rules. These rules are stimulated by
default expectations that we take to be correct as long as we have no counterevi-
dence. For example, when we see a black cat, we activate a set of rules that constitute
the concept “black cat” and we stick to this mental representation until we gain per-
ceptual evidence that, in fact, what we are seeing is a small black dog instead. The
first implicit reasoning process, the expectation and rule-activation, is what New-
man calls “default reasoning”. This form of reasoning is said to govern most of our
everyday reasoning.'*®

The abilities that keep K and U apart are correct inferences by using default rea-
soning. They are a form of knowing-how, according to Newman. Since he treats
knowing-that and knowing-how as non-reducible, a view that accords with the dis-
cussion I present in section 4.1, these abilities are not a form of propositional knowl-
edge. In order to gain (U), we need to recognize the appropriate relations as well as
the relata presented by the explanation. A necessary prerequisite to do so is to know

» o«

generative relations like “allowed”, “caused”, “created”, “forced” or “generated”. For

106 Ibid. p. 199. | am mentioning UT here for the sake of completeness, but | will not address it
in further detail.

107 Newman uses the term ‘grasping‘ without clarifying what he means with it. | use Newman'’s
terminology here, although his notion of grasping might not be identical to my notion of
grasping that | present in the previous section.

108 See ibid. p. 200.

hittps://dol.org/10.14361/6783839472620-006 - am 14.02.2026, 09:24:54,



https://doi.org/10.14361/9783839472620-006
https://www.inlibra.com/de/agb
https://creativecommons.org/licenses/by/4.0/

4. Is scientific understanding an ability?

every explanation, the correct generative relations between the explanandum and
(parts of) the explanans have to be chosen. One single explanation mightinclude sev-
eral different generative relations and for every step in the explanation, the correct
relation has to be used. If a person fails to do so, she will not have understood the
explanation. Take again the explanation of the lifespan of muons. Amongst other
things, it is stated in the explanation that “Time dilation is given by the relation:
At=Ato/1-(W*/c®).” A novice will not understand the explanation if she takes this re-
lation to be causal. It is not the case that a change in the eartl’s relative time causes
achange in proper time. Rather, the relation presented here is a sufficient condition
and this has to be recognized by the novice. Therefore, the abilities to know and se-
lect the appropriate generative relations are an essential difference between know-
ing and understanding an explanation.’®

However, this is not the whole story yet. Newman goes one step further and ar-
gues that, in addition to recognizing generative relations, an explanation schema
for these relations has to be articulated. An explanation schema is a type of cogni-
tive structure that is defined by a set of generative relations. Take the two gener-
ative relations “eating generates growth” and “greater size generates slower move-
ment”, which are used to articulate the following explanatory schema to explain the
extinction of the dinosaurs: “The dinosaurs ate a lot which caused them to grow enor-
mously, which slowed their escape from predators, which caused their extinction.”
This is an example of an explanatory schema, although an incorrect one. In this case,
some appropriate generative relations have been recognized, but not all of them are
appropriate. As a result, the person who constructed and articulated this explana-
tory schema does not understand the extinction of the dinosaurs because she failed
to infer the correct generative relation between explanans and explanandum.™

The difference between knowing an explanation and understanding it presented
by the IMU model of understanding is summarized by Newman as follows:

IMU adopts the idea that explanatory understanding (U) surpasses the cognitive
achievement of knowledge (K) in virtue of the subject activating not only appro-
priate generative relations from memory, but also articulating those relations in
the correct explanatory schema. Without these skills we may come to understand
linguistically what is being said, but fail to insert the appropriate relations or re-
lata, and hence fail to explanatorily understand.™

The work from Polanyi as well as from Newman suggest that the articulation of an
explanation is the second part of the manifestation of understanding, which follows

109 Seeibid. pp. 202f.
110 Seeibid. p. 203.
11 Ibid. p. 203.
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the grasping of relations of the phenomenon. As I take grasping to be a process that
is distinct and prior to other reasoning processes, I also demarcate articulating an
explanation from other reasoning processes. I do so because the possession and suc-
cessful manifestation of various reasoning abilities does not automatically amount
to the articulation of an explanation. The case of James Clerk Maxwell who tried to
make sense of the specific heat anomaly, which I mentioned already in section 4.2.2,
is a good example to illustrate this point. Maxwell possessed impressive reasoning
and calculating skills. He even introduced a completely new concept, the ‘degrees of
freedom, in order to make sense of the phenomenon. He realized that the available
language of physics cannot accommodate the specific heat anomaly, which is why
he introduced the concept ‘degree of freedont. And the concept ‘degree of freedony
would be meaningless if Maxwell could not relate it to something in the physical
world, in this case, the kinds of motions of molecules. However, despite all his ef-
forts and accomplishments, Maxwell was not able to articulate an explanation of the
specific heat anomaly, although he grasped that the phenomenon has something to
do with the kinds of motion that the gas molecules exhibit and spent years of his life
thinking about and trying to solve the issue. Maxwell contributed groundbreaking
achievements to physics, like his classical theory of electromagnetic radiation and
his equations for electromagnetism, which sufficiently proofhis exceptional reason-
ing skills, but the specific heat anomaly remained a mystery to him.

In contrast to Maxwell, Boltzmann was able to make use of the available concepts
and articulated an explanation of the specific heat anomaly through his dumbbell
model. Boltzmann's success might have been due to the extended articulated con-
ceptual framework, which included the concept ‘degrees of freedomn, that neither
Clausius nor Maxwell had at their disposal, at least not from the beginning of their
investigations. In Polanyi’s view, Boltzmann would never have had the thought pro-
cesses that ultimately led him to the development of his dumbbell model if he had
not had the concept ‘degrees of freedont at his disposal. Without this concept, Boltz-
mann could not have reasoned with it and could not have formulated an explanation
ofthe specificheatanomaly in terms of degrees of freedom. As Polanyi argues, scien-
tists learn the sophisticated and specialized language of their discipline during their
education. That is, scientists think about the phenomena they try to understand in
terms of the specific language that they learned. And this language might change
when deficiencies are recognized, as in the case of the research on the specific heat
anomaly, where the articulate conceptual framework was extended by Maxwell to in-
clude the concept ‘degrees of freedom’. And in Newman's account, Boltzmann would
never have identified the relation between the specific heat anomaly and the degrees
of freedom, if the concept ‘degrees of freedont did not exist and, hence, could not be
a candidate for a relatum.

Grasping relations of phenomena in the world and articulating them in form
of explanations are the two components of the manifestation of (scientific) under-

hittps://dol.org/10.14361/6783839472620-006 - am 14.02.2026, 09:24:54,



https://doi.org/10.14361/9783839472620-006
https://www.inlibra.com/de/agb
https://creativecommons.org/licenses/by/4.0/

4. Is scientific understanding an ability?

standing. Importantly, in my usage the term ‘articulating refers to the construction
of an explanation in an individual’s mind, and not to any form of expressing or com-
municating. An individual cannot express or communicate any explanation if she
has not articulated this explanation in her mind beforehand. However, I do think
that as soon as a subject articulated an explanation in her mind, she will be able to
communicate this explanation in some way to other subjects. And since instances
of understanding are grounded in a fundamental principle urging subjects to dis-
cover truths about the world, subjects who understood something will also want to
communicate the explanation she articulated. By making an articulated explanation
publicly accessible, her understanding is publicly accessible and can be scrutinized
by other subjects. In doing so, a subject can get additional justification and support
that she understood something correctly, that she discovered some truth.

4.3.3 The manifestation of understanding

To sum up, I argued in this section that grasping relations of a phenomenon and
articulating these relations in form of explanations are the manifestation of scien-
tific understanding. Together, grasping and articulating manifest understanding.
Grasping denotes the process of gaining epistemic access to the phenomenon that
shall be understood, the process of ‘seeing or ‘recognizing some relation of the phe-
nomenon. Subsequently, the subject that grasped some relation of the phenomenon
will resort to the conceptual framework she uses in order to represent the grasped
relation in form of an explanation.

Since understanding manifests in the process of grasping and articulating ex-
planations, understanding a phenomenon is a procedural ability. The procedural
manifestation of understanding is partially tacit for the subject. She will not be able
to explicitly state how exactly she gained understanding of a phenomenon, why or
how certain observations or data caught here attention, how she grasped a relation
she did not know before and how she articulated an explanation of the grasped as-
pect of the phenomenon by using the specific language she possesses. The ability to
understand phenomena is an instance of inarticulate intelligence. However, when
a subject gained understanding of the phenomenon, she will be able to make ex-
plicit what she understood. That is, she will be able to express the explanation she
articulated since the manifestation of understanding relied on the vocabulary of her
language. If a person looks at an orrery, she might gain understanding of the plan-
etary motion in our solar system without having explicit access to how exactly she
was able to grasp information represented by the orrery. But once she gained under-
standing of the apparent retrograde motion of mars, to return to an example from
Peter Lipton discussed in section 3.1, she can express and communicate what she
understood since she thought about the represented phenomenon in the vocabu-
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lary of her language. That is an instance of articulate intelligence, the construction
of an explanation, which is grounded in inarticulate intelligence, in understanding.

4.4 The inextricable relation between understanding and knowledge

What is understanding? Is understanding an ability or a type of propositional
knowledge? And if understanding is an ability, how is it manifested? Those were the
questions I set out to answer in this chapter. I started with an analysis of the concept
‘ability’ and developed a definition of ability as dispositions to perform a cognitive
or physical activity successfully with respect to certain relevant standards, which
have been learned and trained in a specific social context and whose manifestations
are partially tacit. This definition of ability accommodates performed activities of
subjects that are often or usually labelled skillful, for example athletic or artistic
performances, and also theoretical activities like logical reasoning or calculating.
I then argued that understanding itself should be regarded as an ability to make
sense of a phenomenon, a situation, or an experience, and that such a conception of
understanding does not conflict with my argument developed in chapter three that
understanding requires explanation. The process that manifests understanding
consists of two partial processes, namely grasping relations of the phenomenon
that one tries to understand and articulating the grasped relations in form of an
explanation.

Why should understanding be viewed as an ability and not as a form of propo-
sitional knowledge? Because one and the same phenomenon or experience can be
understood in various different ways, using different languages and arriving at dif-
ferent interpretations. Ptolemy understood the motion of heavenly bodies differ-
ently than Copernicus, Lavoisier understood combustion differently than propo-
nents of phlogiston theory, and Schrédinger and Heisenberg understood atomic
structures differently before they integrated their languages to arrive at a more pre-
cise interpretation. All of these individuals have two features in common. First, all
of them understood the phenomenon they wanted to understand. They arrived at
an interpretation of the phenomenon that accommodated the language they used
and the worldly situation they had access to, they were able to make sense of the
phenomenon. Second, all the mentioned individuals were striving for truth. All did
their best in light of their resources, their language and experience, that they had at
their disposal to discover truths about the world. That Ptolemy was wrong in seeing
the earth at the center of the universe could only become apparent when our lan-
guage and our experience of the world developed and with the help of more sophisti-
cated instruments or measurement devices. Whether someone understood or mis-
understood a phenomenon can only be assessed in light of a specific context but the
ways in which a phenomenon can be understood, how language and phenomenon
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are conciliated, are countless and cannot be explicitly articulated or predicted in ad-
vance. This is different for knowledge. Either ones knows that p or one does not, and
that p can be explicitly stated. Knowledge is not gradual, multi-track, and context-
sensitive in the way understanding is. Merely possessing knowledge does not en-
able a subject to master and combine her language and the phenomenon to which
it is applied. Knowledge, in its classical formulation, is justified true belief. A belief
is something completely different than the demanding activity of understanding.
This differentiation between understanding and knowledge does not only fit Ryles
distinction between knowledge-how and knowledge-that, with which I started this
chapter, but also the view from virtue epistemologists that knowledge is an intellec-
tual success achieved through ability.

Understanding is an ability to make sense of experiences, situations, or phe-
nomena in the world, to solve arising puzzles concerning them. Understanding is
the ability to generate new knowledge, knowledge that captures the interpretation
of an experience that an individual made. We cannot articulate or communicate
the understanding itself, that is, how we managed to grasp a relation and artic-
ulate this relation in an explanation because it is an ability. But what we can, do,
and sometimes even should articulate and communicate, is the result of our under-
standing, the phenomenon that we have understood, and the interpretation of the
phenomenon we arrived at through understanding. In order to understand some-
thing that lies outside of our minds, we need to get some access to the thing we
want to understand. This happens through the process of grasping relations of the
phenomenon or situation. Grasping can be described as recognizing a relation that
might have something to do with the thing we want to understand. However, merely
grasping relations in the world is not sufficient for understanding because grasping,
in the way I conceptualize it in section 4.3.1, does not entail the ability to make sense
of what has been grasped. This happens through the articulation of the grasped re-
lation in the vocabulary of a language. Thus, understanding requires grasping rela-
tions as well as articulating explanations. Once we arrived at an interpretation of a
phenomenon, once we managed to bring our experience and our language into ac-
cordance, we arrive at the belief that our interpretation represents a true aspect of
the world. We arrived at a justified, possibly true, belief. We generated knowledge.
However, holding a justified true belief is something completely different than the
ability to grasp relations in the world and articulate them in explanations, that is, to
conciliate experience and language and generating new knowledge by ourselves.

Why is it unproblematic and no contradiction that understanding is an ability,
a type of knowledge-how, which requires explanation, which is a type of knowl-
edge-that? The potential conflict that could be assumed here dissolves as soon as
itis realized that understanding and knowledge (of explanation) are inseparably in-
tertwined and develop only in conjunction with one another. Based on an extensive
discussion of Polanyi’s account of the relation between inarticulate and articulate
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intelligence, I argued that knowledge and understanding necessarily go together be-
cause humans cannot make sense of a phenomenon in the world without resorting
to the language of the culture in which they were raised and trained. Understand-
ing is an ability and its manifestation, grasping and articulating, is partially tacit
and inaccessible to us. This is because we are focally aware of making sense of the
phenomenon that we want to understand, we are concentrated on what we observe
or measure of the phenomenon, while parallel to our focal attention we subsidiarily
make sense of what we perceive, observe of the phenomenon we investigate, by refer-
ence to our language. We cannot articulate our understanding, thatis, how we actu-
ally managed to manifest the ability, to make sense of a phenomenon that we investi-
gated, how we grasped specific relations or constructed generative frameworks. But
in this tacit process of understanding a phenomenon we resort to explicitly articu-
lated and non-tacit resources that our language provides and apply these resources
to the phenomenon. This is the case not only for scientific understanding, which his
achieved by using the sophisticated and formalized language of the respective dis-
cipline, but also for non-scientific understanding. Lay people understand the world
in terms of the language they grew up with. Although the process of gaining under-
standing of a phenomenon, of arriving at an adequate interpretation through the
manipulation of our language, respects certain context-sensitive criteria that guide
the permissible use of a language, these criteria do not prescribe any concrete pro-
cedure of how one should gain understanding or at which interpretation one should
arrive in the end. In short, knowledge-that is required for manifesting understand-
ing, a type of knowledge-how, and through understanding knowledge-that gets ex-
panded, improved, or revised.

Where are we now? After arguing in chapter three that scientific understand-
ing requires explanation, I argued in this chapter that (scientific) understanding is
an ability that is manifested in the process of grasping relation of a phenomenon
and articulating these relations as explanations. While my argumentation in chapter
three is exclusively targeted at scientific understanding, my analysis in chapter four
is broader and addresses understanding in general. Although these two different
foci of my investigation do not result in a conflict, as I hopefully showed through-
out this chapter, one might still doubt whether the conception of understanding I
put forward is actually able to capture understanding gained in science. So far, I
worked myself through various arguments and developed my own. And yet, the best
and most consistent argument loses its relevance if it cannot be related to what is
happening in the world. Hence, it is time to look at science itself and see whether
my conception of scientific understanding can withstand scientific practice. In the
next chapter, I turn to an episode from biology, the introduction of zebrafish as a
model organism, and analyze how scientists gained understanding of the genetic
regulation of vertebrate development with the use of zebrafish.
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