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Phenomenology and Mathematics 1

1 Basic Concepts of Husserl’'s Phenomenology

Phenomenology is one of the major schools in twentieth-century philosophy." It
can be said to originate in Husserl’s Logical Investigations (LI), written in
1900-1. Phenomenology focuses on how things are given to consciousness,
with special emphasis on their structure. It emerged as part of Husserl’s
response to the challenge posed by the psychologistic construal of logic and
mathematics. Psychologism, as Husserl understands it, maintains that the
meanings of logical notions, such as syllogism, and logical connectives, such
as conjunctions, are given through study of the mind (L/, vol. 1, §17). For
example, psychologism takes the justification of the law of noncontradiction to
be the human mind’s inability to think a proposition and its contrary together
(§25). According to Husserl, meeting the challenge of establishing the validity
of the basic laws of logic nonpsychologistically — that is, without grounding that
validity in contingent facts about the human mind — requires a clear distinction
between the subjective and the objective, for example, between acts of judging
and the ideal content of propositions (§47). Husserl further contends that
separating ideal content from its apprehension by the mind does not suffice to
overcome psychologism. If such a separation entails that the grasping of ideal
content is an act of a contingent human mind, then it would seem that, ultim-
ately, knowledge of the meanings of logical notions is dependent on contingen-
cies, undermining the ideality of these meanings. How, then, Husserl asks, “can
the ideality of the universal gua concept or law enter the flux of real mental
states and become an epistemic possession of the thinking person?” (LI,
Introduction to vol. 2 of the German edition, §2). Husserl therefore argues
that a nonpsychologistic account of logic and mathematics requires a new
epistemology, which is provided by phenomenology.

The two cornerstones of phenomenology are intentionality and intuition.
Intentionality is directedness toward an object: intention is always about some-
thing. An intentional act has three distinct, but connected, parts: the act, its
content (the object as it is intended), and the object toward which the act is
directed. For example, the intentional act of thinking that a certain table is round
is an act of thought; its content is the proposition that the table is round; the
object toward which it is directed, that is, the object it is about, is the table. To
understand how this notion enables us to meet the challenge of providing
a nonpsychologistic basis for logic, a comparison with representation will be
helpful. Both representation and intention involve a relation between

! This Element will not address earlier versions of phenomenology, such as Hegel’s, or issues
pertaining to phenomenology that are connected to Husserl only loosely, if at all (e.g., use of the
term “phenomenology” in the analytic tradition).
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consciousness, content, and an object, but in the case of intention, as Husserl
understands it, the content is not private and specific to an individual conscious-
ness, since through that content some object is given to a consciousness as being
of a certain kind. For example, in order to perceive something, it must be given
as perceptible, and therefore the sense (Sinn) of perceptibility is part of the
content of the intention directed toward perceiving the thing. In Husserl’s
words, all perceptions have something in common; he calls this something
their quality (LI V, §20). Moreover, in an intentional act, the consciousness in
question is not only linked to content that is not a subjective representation, but,
given that the intentional act as a whole is directed toward an object, also refers
to an object.

Husserl’s notion of intentionality and the relation between an intentional act
and its object calls to mind Frege’s distinction between meaning or sense, and
reference. But whereas Husserl takes the relation between meaning and refer-
ence (the aboutness of a term or expression) to require a consciousness directed
at the object referred to, for Frege, an expression’s aboutness is determined by
the meanings of its component terms; reference does not require consciousness.

The second cornerstone of phenomenology is intuition. Intuition is the
ultimate justification of knowledge: “every originary presentive intuition is
a legitimizing source of cognition” (Ideas, §24). Husserl calls this role of
intuition “the principle of all principles.” He contrasts intuition to “merely
symbolic understanding” (L/, Introduction to vol. 2 of the German edition, §2).
For Husserl, intuitions are the fulfillments of intentional acts. Intuitions function
as confirmation or evidence for the meanings that constitute the content of
intentional acts. In intuition, there is also an element of recognizing something
as something. An intuition of a chair involves recognizing it as a chair; this
recognition confirms the meaning of “there is a chair in the room.” As such,
Husserlian intuitions are not just sensory, but involve meanings. In the case of
intuiting a chair, the meaning in question is what it is to be a chair, the essence of
chairness. In Logical Investigations, nonsensory intuition is called “categorial
intuition” (LI VI, §§40-58). Categorial intuition grasps not only empirical
essences such as “chairness” but also logical categories such as “and” and “is.”
For example, an intuition that fulfills the proposition “the gold is yellow” involves
intuiting the copula, inasmuch as what is intuited is not only a piece of gold and
yellowness, but there is also an intuition of the gold’s being yellow (§44).
Intuition of an aggregate involves intuition of “and.” We will return to the idea
of categorial intuition in Section 3.2, since it plays a pivotal role in phenomeno-
logical approaches to mathematics.

Intuition is pertinent to one of the central maxims of phenomenology: “we
must go back to the ‘things themselves’ (LI, Introduction to vol. 2 of the
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German edition, §2).” It is through intuition that things are given as they are, and
through intuition that we experience the world as it is. There is no veil between
us and the world. Husserl’s phenomenology thus rejects Kant’s distinction
between things as we experience them and things as they are in themselves.

In some respects, Husserl’s phenomenology has an affinity with empiricism
in general and Hume’s position in particular. A key tenet of phenomenology is
that in examining our experience of the world, we are not to make any meta-
physical assumptions, a principle that is consonant with empiricism. Husserl
also adopts Hume’s distinction between relations of ideas and matters of fact.
But on the other hand, Husserl criticizes the empiricist attempt to completely
eliminate the assumption of any general concepts. General concepts cannot be
arrived at by a process of abstraction from individual objects, since in such
a process of abstraction, the common feature is already assumed and recognized
(L1 11, §§4, 29). Rather, general concepts are apprehended directly, by way of
intentionality and intuition. The direct apprehension of general concepts is
crucial for the repudiation of psychologism, since it means that the claim that
a consciousness can grasp logical and mathematical concepts does not rule out
ascribing ideality to those concepts. To put it in Humean terms, Husserl
maintains that relations of ideas can be grasped as such.

Husserl’s exposition of phenomenology in L/ remained unclear on two
important points: the ontological status of ideal objects, and phenomenology’s
relation to psychology. As to the former, Husserl does not argue that the direct
apprehension of ideas implies their metaphysical hypostasis (L7 1, §31).
Phenomenology makes no ontological commitment to the independent exist-
ence of universals outside of thought (L7 II, §7). But ideal objects do “exist
genuinely” (LI 11, §8). Husserl’s stance on the ideality of general concepts in
Logical Investigations was often interpreted as Platonistic, an interpretation he
explicitly rejected (e.g., in Husserl 1975, §4). The second point regarding which
the exposition in Logical Investigations was deemed insufficiently clear is
Husserl’s stance on psychology. On the one hand, Husserl criticizes psycholo-
gism, and rejects empirical psychology as a foundation for logic, but on the
other, phenomenology is characterized as descriptive psychology, and the
distinction between descriptive and empirical psychology is far from sharp.

These two ambiguous points played a key role in bringing about an important
change in the method of phenomenological inquiry, a change widely referred to
as “the transcendental turn.” On the revised conception, inquiry into the mode of
things’ givenness starts from what Husserl calls “the natural attitude,” the
attitude one ordinarily takes toward the world. This noncritical attitude assumes

2 The German word Husserl uses for “things” in this phrase is “Sachen,” not “Dinge.”
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that the things in the world exist. Phenomenological inquiry begins by suspend-
ing this assumption. Husserl, borrowing a term from ancient skepticism, calls
this suspension “epoché” (Ideas, §32). Another name for this suspension is
“phenomenological reduction,” since it shifts the focus from things to the way
things are given to consciousness, for example, from a perceived table to the
table as it is perceived.

Phenomenological reduction provides a solution to the two ambiguities. It
allows for a clear distinction between phenomenology and psychology.
Psychology is a positive science that presupposes the existence of the objects
it investigates; phenomenology is not. It follows that phenomenological reduc-
tion (bracketing) also obviates the claim that phenomenology is Platonistic,
since, given that phenomenology does not presuppose the existence of any
objects it investigates, it does not presuppose the existence of ideal objects.

The transcendental turn in phenomenology is accompanied by the introduc-
tion of a distinction between noesis and noema. Noesis refers to the subjective
side of an intention. More precisely, it refers to apprehension of the intention’s
content. Noema refers to the intention’s content, that is, to the intentional object
as intended. According to Husserl, there is a correlation between noesis and
noema (Ideas, §88). Each act of apprehension (noesis) is related to a content
(noema), and no content is separate from its apprehension. The inseparability of
noesis and noema is a further aspect of phenomenology’s non-Platonism.

Another important step in the phenomenological inquiry is the extraction of
essences through a process Husserl calls “eidetic reduction” (Britannica, §4).
Eidetic reduction uses imagination to create permutations of a given experience
and extract the component common to all of them. For example, we can change
an experience of a table by turning the table around in our imagination and then
extracting the experience’s essential elements. The experience of an object in
space is always given only partially, from one point of view. In any act of
perceiving a table, there are sides of the table that remain unseen, and this is the
essence of the way spatial objects are given.

Through the process of eidetic reduction, phenomenology seeks to arrive at
the essences underlying all our experiences, including scientific investigations.
The essence of the experience of space, for instance, is relevant not only to the
positive science of psychology, but also to other sciences in which the notion of
space plays a role, such as physics. Although the notion of space in physics
differs from the notion of space in psychology, they do share a core sense of
spatiality. By extracting the essences that constitute the basic notions, phenom-
enology provides the basis for all sciences: “The creation of fundamental
concepts is therefore, in the most literal sense, a fundamental performance,
laying the foundations for all sciences” (FTL, §71; italics in the original).
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In light of phenomenological reduction, the domain that is investigated by
phenomenology is that of consciousness (/deas, §33). Consciousness is charac-
terized primarily in terms of intentionality. A crucial activity of consciousness is
to constitute the senses of the content given to it (Ideas, §86).

With respect to constitution, Husserl distinguishes between static and genetic
phenomenology. Static phenomenology focuses on the description of consti-
tuted essences. Genetic phenomenology attends to the origins and development
of the constitution of essences, which must be distinguished from the causal
generation of essences in empirical consciousness. The notion of time plays an
important role in the genesis of essences, as does the notion of association
(Britannica, §5).

The last phase of Husserl’s phenomenology addresses the tension between
modern mathematical physics, in which there is no place for the subjective side
of experience (e.g., the experience of secondary qualities) and the life-world,
the world as we experience it in everyday life. In The Crisis of European
Sciences, Husserl describes how this tension created a crisis with regard to the
foundations of science: which of the two ultimately anchors the validity of the
sciences? Arguing that only our experience of the world can serve as such an
anchor, Husserl’s later works ground all knowledge in the life-world.

2 Husserl's Path from Mathematics to Phenomenology

Husserl studied mathematics in Leipzig and Berlin, and after writing a thesis on
the calculus of variation and receiving his PhD from the University of Vienna,
served as an assistant to Weierstrass, one of the era’s leading mathematicians.”
His interest in the philosophical foundations of mathematics led him to study
with Brentano, whose approach was psychological, inasmuch as it examined
philosophy from the perspective of the human mind and its capacities. Husserl’s
studies with Brentano, and subsequent work with Brentano’s student Carl
Stumpf in Halle, culminated in Husserl’s 1887 habilitation thesis on the concept
of natural number, which was incorporated into his first book, The Philosophy of
Arithmetic (PA), published in 1891.

Husserl takes the primary feature of the natural numbers to be cardinality (PA,
12) and, following Weierstrass, takes the natural numbers to be the basis for all
the other kinds of numbers (whole, rational, real, etc.). His research on the
natural numbers aims “to satisfy not merely the arithmetical interests, but the
logical and psychological interests above all” (14). Natural numbers are charac-
terized in terms of multiplicities, as “collective combinations” of “one”’s (78, 81).

* This section covers Husserl’s thought on mathematics up to Logical Investigations, his phenom-
enological breakthrough.
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The “one’’s are arrived at through a process of abstracting from any object,
from any something. There are no restrictions on what can be counted: any
object that can be thought, including imaginary objects, can be counted. Nor is
there a criterion for the unification of these objects. There need not be
(as Frege, for example, argued) a feature common to the collection: “collective
unification is not intuitively given in the representation content, but instead has its
subsistence only in certain psychical acts that embrace the contents in a unifying
manner” (77; italics in the original). The unity is the outcome of an act, hence the
collective combination can be grasped only by reflecting on the specific act in
which the multiplicity is unified (77). For Husserl, this sort of combination, which
is not based on a common feature, is conveyed by the word “and,” which, he
points out, can also connect terms (78). To arrive at the concept of “one” (Eins), it
is necessary to abstract from the specific content of each thing in a collection of
things, and take them as just plain somethings (Etwas); reflection on these
undifferentiated somethings generates the concept of “one.” The concept of any
natural number is a combination of such “one”’s. For example, the concept of the
number 2 is “one and one,” the concept of the number 3 is “one and one and one,”
and so on (85).

Another feature of Husserl’s approach to the natural numbers in Philosophy
of Arithmetic that, like cardinality, remains important in his later work is the
salience of the nexus between seeking the origin of a notion and relating this
origin to the notion’s givenness in intuition. Husserl’s account of the natural
numbers starts out from the notion of authentic numbers, which can be given in
intuition, and then proceeds to symbolic numbers. Privileging the authentic and
seeking ways to ground the symbolic in intuition will remain a central aspect of
Husserl’s phenomenology, though not in the form it takes in Philosophy of
Arithmetic.*

But there are also differences between Husserl’s views as set out in
Philosophy of Arithmetic and his subsequent thinking. These differences pertain
both to Husserl’s conception of mathematics and to his general philosophical
approach to matters of logic. With regard to mathematics, even while he was
writing Philosophy of Arithmetic, Husserl was concerned about the problem of
how to understand other kinds of numbers (negative whole numbers, fractions)
as extensions of the natural numbers. This problem, to which mathematicians in
the second half of the nineteenth century gave much attention, is crucial for the
meaning of the notion of number itself, and for the meaning of the arithmetical
operations. For example, does subtraction have the same meaning vis-a-vis the

4 On the role of the distinction between authentic and symbolic presentations of numbers in
Husserl’s post-Philosophy of Arithmetic account of numbers, see Miller (1982).
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natural numbers and the whole numbers? Husserl discusses this in an 1891 letter
to his supervisor Stumpf: “If it [arithmetic] deals with discrete magnitudes, then
‘fractions,” ‘irrational numbers,” imaginary numbers and, in the case of the
cardinal numbers for example, the negative numbers also lose all sense”
(Husserl 1994, 15). The problem is especially acute given Husserl’s account
of natural number, which interprets all natural numbers (including those given
only symbolically) as multiplicities of units. The source of the problem is the
connection between the natural numbers’ authentic and symbolic givenness,
which imposes a specific interpretation of the natural numbers — namely, that
they are multiplicities of units — on all the other kinds of numbers, though
fractions, for example, cannot be conceived as multiplicities of units.

Given this problem, Husserl’s position on the connection between authentic
and symbolic givenness changed. There is already evidence of the change in the
last part of Philosophy of Arithmetic, where Husserl separates the symbolic
levels of numbers (numerals) from any specific concept of number (P4, 253).

Husserl was also preoccupied with a related problem concerning the exten-
sion of the natural numbers to other systems of numbers: expressions that have
no meaning in one system of numbers but are meaningful in extensions of that
system. For instance, the expression “5—7” has no meaning in the natural
numbers, but does have meaning in the system of the whole numbers, which
can be interpreted as an extension of the natural numbers. Hence, we cannot
speak literally of extending the natural numbers to the whole numbers — to give
just one example — but the natural numbers and the whole numbers are none-
theless related.

Husserl’s solution to this problem, presented in two lectures to the
Mathematical Society of Gottingen (often called “the Double Lecture™) in
1901, is to introduce a means of connecting two domains of numbers (e.g.,
the natural numbers and the whole numbers), provided two conditions are
satisfied. The first condition is that the larger domain has to be consistent;
the second condition is that “every proposition falling within that [i.e., the
original] domain is either true on the basis of the axioms of that domain or
else is false on the same basis (i.e., is contradictory to the axioms)” (P4, 428).”
Satisfaction of these conditions ensures that any proposition in the new domain
that is equivalent to a proposition in the original domain will have the same truth
value as the original proposition. For example, if the proposition 2 +2 =4 is true
(or provable) in the natural numbers, then its equivalent in the whole numbers is
also true (or provable). This solution does not require that the signs in the two

5 Husserl, like the other philosophers of this period, does not distinguish between the syntactic and
the semantic aspects of a formal system. Proof of a proposition justifies accepting that proposition
as true.
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systems be given the same meanings: the natural number 2 need not have the
same meaning as the whole number 2. Husserl has thus provided a solution to
the problem of extending one system of numbers to another.

Husserl further distinguishes between relative and absolute definiteness,
defining the former as follows: “An axiom system is relatively definite if
every proposition meaningful according to it is decided under restriction to its
domain” (427). The definiteness is relative, since extension of the domain is
possible. He distinguishes this from absolute definiteness: a system is absolutely
definite “if every proposition meaningful according to it is decided in general”
(427). A system has absolute definitude if it is uniquely defined by its axioms
(426). Husserl compares this notion to Hilbert’s characterization of an axio-
matic system’s completeness. According to Hilbert, a system of axioms is
complete if it is “incapable of being extended while continuing to satisfy all
the axioms” (Hilbert 1996, 1094).°

The change in Husserl’s thinking regarding the idea that all of mathematics
could be based on “authentic” natural numbers is related to his development of
the idea of a manifold. A manifold is a multiplicity of objects each of which is
determined by the same set of laws. The objects are not determined individually,
but only in relation to other objects. Riemann’s theory of geometric manifolds
was the inspiration for this concept of the manifold, but Husserl applies it to all
the domains of mathematics, including the natural numbers (L/, Prolegomena,
§70). In Formal and Transcendental Logic, Husserl defines a manifold or
multiplicity thus: “Multiplicity meant properly the form-idea of an infinite
object-province for which there exists the unity of a theoretical explanation
or, in other words, the unity of a nomological science” (FTL, §31; italics in the
original). The different kinds of numbers (natural, whole, imaginary, etc.) are
separate manifolds, and the nonnatural numbers do not develop out of the
natural numbers. With this theoretical shift, Husserl has, to borrow
a Hilbertian distinction (Hilbert 1996, 1092-3), moved from a genetic account
of mathematics to an axiomatic one.

Although each manifold is self-standing, it can be connected to other manifolds
through the concept of definiteness. Manifolds are not relevant just to mathematics,
but can be adduced to explicate all formal notions, including logical notions. For
example, in Logical Investigations, Husserl develops a formal theory of part—-whole
relations that, although Husserl does not say this explicitly, can itself be interpreted

® There is a vast literature on Husserl’s notion of definiteness. For background on Husserl’s
development of the notion of definiteness, see Hartimo (2007). For a reconstruction of
Husserl’s position in his Gottingen “Double Lecture,” see Centrone (2010, chapter 3). On the
relation between Husserl’s notion of definiteness and Hilbert’s notion of completeness, see Majer
(1997) and da Silva (2000, 2016).
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as a kind of manifold. Husserl calls the domain of manifolds as a whole the mathesis
universalis,’ which he characterizes as “including all a priori, categorial knowledge
in the form of systematic theories” (L/, Introduction to vol. 2 of the German edition,
§7; italics in the original). That is, the mathesis universalis is equated with all the
theories that are fully deductive, theories whose domains are definite manifolds
(FTL, §35b). The mathesis universalis framework establishes the unification of
mathematics and logic, not in the logicist sense of reducing mathematics to logic,
but in the sense of showing that formal mathematics and logic belong to the same
family. Both fields are formal in the sense that they apply to any object, as their
objects are “somethings in general” (Etwas iiberhaupt).

Interpreting the natural numbers as one type of manifold within the larger
framework of the mathesis universalis is the first of two major changes in
Husserl’s post-Philosophy of Arithmetic account of number. The second major
change in Husserl’s position concerns the relation between logic and psych-
ology, a relation that was not articulated in Philosophy of Arithmetic, but
became central in Logical Investigations.® As Husserl acknowledges (e.g., in
PA, 22), the account of number in Philosophy of Arithmetic is psychological
inasmuch as it seeks the origin of our concept of natural number. As he later
observes, it can also be seen as a phenomenological-constitutional account of
the concept of natural number (F7L, §27a). We can say, though, that whereas
from Logical Investigations onward, Husserl critiques psychologism and dis-
tinguishes phenomenology from empirical psychology, in Philosophy of
Arithmetic he does not draw a clear distinction between psychology and logic.
Indeed, this failing was the main target of Frege’s critique in his 1894 review of
Philosophy of Arithmetic: Frege claims that the book does not make clear the
distinction between the subjective and the objective (Frege 1972, 324-5).°

The phrase “mathesis universalis” originates in Barocius’ Latin translation of Proclus.
A combination of Greek and Latin, its literal meaning is “universal learning.” The term, which
became well known through its invocation by Descartes in Rules for the Direction of the Mind,
and later, by Leibniz in New Essays on Human Understanding, has been understood in different
ways. Descartes used it to designate the features common to the various fields of mathematics,
especially geometry and arithmetic. Leibniz used it to designate the formal disciplines in general.
Husserl links his own notion of the mathesis universalis to Leibniz’s (LI, Prolegomena, §60).
Husserl mentions this change in his Foreword to the first edition of Logical Investigations (LI,
vol. 1, 2).

The question of the role of Frege’s critique in the evolution of Husserl’s position was the subject
of lively discussion in the second half of the twentieth century. As Mohanty (1977) showed, there
is evidence of a change in Husserl’s position regarding the distinction between logic and
psychology even before Frege’s review. Willard, too, contends that the change in Husserl’s
position was not a response to Frege’s critique, arguing that it arose from Husserl’s dissatisfaction
with the distinction between authentic and symbolic presentation (Willard 1980, 61).
Nevertheless, according to Boyce Gibson, Husserl told him that he thought Frege’s critique “hit
the nail on the head” (Spiegelberg 1971, 66). Hence, even if Frege’s critique did not prompt the
change in Husserl’s position, it served to affirm it.

%
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The shift in Husserl’s views on the logic—psychology nexus has several
aspects. First, Husserl distinguishes between meaning and presentation.
Meaning is ideal, transcending the subjective realm, whereas presentations
are real entities that are part of the consciousness that experiences them. The
meaning of an assertion, for instance, is ideal, and must be distinguished from
the various acts of judging that what is asserted is the case (L/, Introduction to
vol. 2 of the German edition, §2). Second, in Logical Investigations Husserl
distinguishes the object of an intention, which is not part of the intention, from
the intentional object as intended, which is (L V, §17). This distinction enables
him to introduce the idea of intentions being fulfilled in — that is, made evident
by — intuitions. Fulfillment provides evidence of the objective validity of an
intention’s content (the intentional object as intended). Intuitions thus provide
evidence that renders logical and mathematical notions objectively valid. Third,
Husserl’s notion of intentionality involves a close link between consciousness
of mathematical and logical concepts, and the content of those concepts.
Although there is a clear distinction between an intentional act and its content,
they are not separable. Such separation would risk reintroducing
a psychological account of how these concepts are grasped. Hence Husserl’s
notion of intentionality is in a better position to meet the challenge of epistem-
ically securing the validity of the basic laws of logic in a nonpsychologistic
manner than is the stance that takes intentional content to be separable.'’

What impact does Husserl’s critique of psychologism have on the conception
of the natural numbers set out in Philosophy of Arithmetic? As we saw, in
Logical Investigations, the natural numbers are conceived as a manifold. But
understanding numbers in terms of formal manifolds governed by axioms is not
sufficient. In addition, numbers should also be understood as given in intuition
as ideal species (LI, Prolegomena, §46). Specific numbers are objects, but not
empirical objects. Rather, they are ideal singular species. For numbers are
different from any specific group of things, and from any presentation in
consciousness — for example, from any act of counting. The number five, say,
can be distinguished both from any group of five things, and from any act of
counting (§46). This characterization of the natural numbers reflects Husserl’s
conception of intention and its fulfillment in intuition. But how is the notion of
an intention’s “fulfillment” to be understood? Does it entail some sort of
Platonic realm of mathematical objects? Or, alternatively, does it entail an
Aristotelian view on which the intuited ideal species are part of the real
world? These questions are discussed in the following sections.

1% 1n this sense Husserl’s phenomenology can be interpreted as providing an answer to Benacerraf’s
accessibility problem (Benacerraf 1973). Although logical and mathematical concepts are ideal
and transcend the human mind, intentionality renders them accessible to cognition.
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3 Phenomenology of Mathematics

To examine mathematics from the perspective of phenomenology is to take an
approach that emphasizes issues related to cognition. The basic concepts of
phenomenology — intention and intuition — are central to this examination.

The phenomenology of mathematics, or at least its Husserlian variant, moves
between two poles. On the one hand, as we saw in the preceding sections,
Husserl’s theory of manifolds is indicative of a formal orientation toward
mathematics. On the other hand, Husser]l maintains that the formal in itself
does not suffice to provide a full philosophical account of mathematics. There
must also be a level that imparts meaning to mathematics’ formal dimension.
These two poles are related to Husserl’s distinction between significative
intention and intuitive intention (L VI, §63). The statements of formal math-
ematics exemplify intentions that are purely significative, but nonetheless
require a grounding in intuition.

We will begin our examination of the phenomenology of mathematics by
looking at the relation between Husserl’s theory of manifolds and phenomenology.

3.1 Husserl's Mathesis Universalis and Phenomenology

As we saw in Section 2, after Philosophy of Arithmetic, Husserl’s position
underwent two significant changes, one specifically connected to mathematics
(the emergence of the theory of manifolds and abandonment of the genetic
approach to mathematics) and the other more general (the critique of psycholo-
gism and development of phenomenology as an alternative to psychology). Are
there links between these changes? Husserl himself thinks that there are: “My
way to phenomenology was essentially determined by the mathesis universalis”
(Husserl 1980, §10), but does not spell out the relations between them. In this
section, I will suggest ways in which the notion of the mathesis is linked to the
development of phenomenology. I will begin by examining the role of the
theory of manifolds in the Logical Investigations framework.

The theory of manifolds is treated in Husserl’s discussion of the idea of pure
logic in the last chapter of the Prolegomena, before he proceeds to the six specific
Investigations. The aim of the theory of manifolds is to work out “the form of the
essential types of possible theories or fields of theory” (L/, Prolegomena, §70). The
theory should, therefore, cover the theories of the basic concepts or categories of all
scientific theories. Husserl divides these concepts or categories into two sorts:
categories of meaning, such as “proposition,” “truth,” and so on, and categories

ELNT3

of objects, such as “unity,” “number,” and so on. (LI, Prolegomena, §67). The basic
constraint on these theories (discussed in Formal and Transcendental Logic) is that

they must not contain any contradiction. However, they need not be true.


https://doi.org/10.1017/9781108993913

https://doi.org/10.1017/9781108993913 Published online by Cambridge University Press

12 The Philosophy of Mathematics

There are several links between the theory of manifolds and phenomenology.
First, the structure of intentionality, with its clear distinction between intention
and fulfillment, is reflected in the structure of manifolds. The applicability of any
given manifold is distinct from the manifold as a formal structure, but, as in the
case of the structure of intentionality, the relation to possible application is part of
the logical sense of any formal mathematics (F7L, §40). Any given manifold
refers to objects, but the determination that a specific set of objects is or is not an
instance of the manifold is not part of the manifold itself. The objects of formal
systems are “somethings in general,” not specific objects. The links between
intentionality and manifolds are likewise connected to the distinction between
categories of meaning and categories of objects (Husserl also refers to the latter
categories as constitutive of formal ontology), and the relation between the two
sorts of categories. This distinction mirrors the structure of intentionality, within
which the content of an intentional act is distinguished from the object at which
the intentional act is directed. It also mirrors the distinction between the two
dimensions of a theory: the linguistic dimension (what the theory says) and the
ontological dimension (the objects the theory is about).

Second, I contend that the mathesis universalis plays a role in Husserl’s
adopting, from Logical Investigations onward, the idea of “the correlation
between world ... and its subjective manners of givenness” (Crisis, §48).
This correlation, which is exemplified in the fulfillment of an intention by an
intuition, is reflected, in the mathesis universalis, in the correlation between
formal ontology and apophantics, the science of articulated thoughts (judg-
ments). Every axiomatic system has two dimensions: a linguistic dimension (the
sentences of the axiomatic system) and an ontological dimension (the multipli-
cities that are the ontological counterparts of the system’s sentences). In The
Crisis of European Sciences, however, though Husserl continues to uphold the
a priori correlation between thinking (modes of givenness) and being, he does
not link it to the mathesis universalis.

Third, the links between phenomenology and the mathesis universalis are
even deeper. They are in some sense complementary. If we can fully capture
a basic notion such as natural number through a formal system, then phenom-
enology’s role of providing epistemic access to that basic notion seems to lose
its importance or even to be redundant. The need to intuit notions arises
primarily in cases where they are not fully captured by formal theories."'

Fourth, the notion of definitude as characterizing an axiomatic system can
also be connected to phenomenology. This point is related to the previous point.

"' For a detailed discussion of the relation between the mathesis universalis and phenomenology,
see Roubach (2022).
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Hartimo (2007, 2018) argues that one of the aims of the notion of definiteness is
to render axiomatic systems categorical.'” Under this interpretation, the cate-
goricity criterion, which means that the theory determines a notion up to
isomorphism, must be met, since that ensures that a formal theory captures all
the characterizations of a given notion. Hartimo (2018) points out that the
notion of definitude is central to Husserl’s critique of psychologism, as it
provides the required framework for all logical and mathematical concepts,
and allows for a clear distinction between the formal notions and the possibility
of intuiting them. Jean Cavailles, the eminent French philosopher of mathemat-
ics, also argues that phenomenology and definitude are closely linked. He
claims that Godel’s incompleteness results not only preclude acceptance of
definitude as characterizing mathematical systems that include arithmetic, but
also have consequences for Husserl’s phenomenology (Cavailles 2021, 70-2).
According to Cavailles, these results show that any a priori constraint on
mathematics should be rejected. He further claims that phenomenology’s
approach to logic and mathematics assumes some sort of a priori constraint,
in presupposing that it is possible to fully capture these domains.'” Cavaillés
does not explain this claim. One way to interpret it, however, is in terms of the
connection Hartimo draws between definitude and categoricity. On this inter-
pretation, for a mathematical notion to be fully captured by an intention, it must
be captured by a theory that is categorical, and therefore it must be captured by
an axiomatic system that is definite.

3.2 Intuition and Mathematics

According to Husserl, for mathematical concepts to be fully understood, they
must be intuited. Understanding that remains at the symbolic level does not
suffice. Such intuitions are required, for example, for re-identifying mathemat-
ical concepts. For instance, understanding how the symbol “+” is used in a given
mathematical formula is not enough: there has to be a possibility of identifying
the operation of addition as having a certain characterization, and recognizing it
as the same operation that was used previously. This requirement can also be

12 Centrone (2010) and da Silva (2016) argue that the sole role of definitude is to provide something
like what is currently called syntactic completeness (although, as Centrone stresses, at the turn of
the twentieth century there was no clear distinction between syntax and semantics). I concur with
Hartimo’s stance, since in my view, Husserl did not take the role of the notion of definitude to be
limited to syntactic completeness.

Cavailles’s claim that Godel’s incompleteness results undermine the tenability of phenomen-
ology is not accepted by all. Bachelard (1968) argues that the results indeed undermine Husserl’s
definition of definitude, but not phenomenology as a whole; Lohmar (2000) argues that because
Husserl’s definition of definitude isn’t a formal definition, it isn’t vulnerable to the incomplete-
ness results.
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viewed from a non-Husserlian perspective. The need for such an identification
is manifest in Kripke’s famous interpretation of Wittgenstein’s rule-following
problem: how can we be sure that the “+” we’re using in an arithmetical
equation now has the same meaning as the “+” we used in another equation
a moment ago? On the Husserlian conception, the assurance in question is
provided by an intuition of the meaning of “+”. The need for a level of
apprehension that secures the identity and objectivity of mathematical concepts
exists even in cases where we have a full formal characterization of a concept.
Intuitive apprehension helps us understand the meanings of concepts and
provides the ultimate justification for what we take them to signify. Another
context that sheds light on the role of intuition in our comprehension of
mathematical concepts is that of the need to justify rules of inference in logic.
The formal modus ponens rule, for instance, does not in itself provide the
ultimate justification for the inference from “if p then q” and “p” to “q”.
Something else must assure us that this rule is correct. Yet another context in
which intuition is necessary is that of the justification of a formal system’s
axioms. An intuitive grasp of the truth of the axioms provides this justification.
According to Husserl, “Immediate ‘seeing,” not merely sensuous, experiential
seeing, but seeing in the universal sense as an originally presentive conscious-
ness of any kind whatever, is the ultimate legitimizing source of all rational
assertions” (Ideas, §19; italics in the original).'*

Before going into the various interpretations of this Husserlian notion of
intuition in the context of mathematics, it will be useful to compare it with two
central positions on the role of intuition in mathematical knowledge, those of
Descartes and Kant. According to Descartes, intuition and deduction are the two
sources of knowledge in mathematics, and “intuition is the indubitable concep-
tion of a clear and attentive mind ... it is more certain than deduction”
(Descartes 1985, 14). Intuition is self-evident and certain. It does not require
additional justification. Descartes maintains that first principles are known only
through intuition.

Kant argues that his thesis that all judgments of geometry and arithmetic are
synthetic a priori entails the need for intuition in mathematics (Kant 1998, 143—
5). Being synthetic a priori, the truth of judgments of mathematics cannot be
solely conceptual, but must be grasped by intuition, specifically, through the
pure intuitions of space and time. According to Kant, intuition generates an
immediate relation to objects (155), whereas concepts can have only an indirect

' The notion of intuition as the fulfillment of intention is invoked from Logical Investigations
onward. Husserl’s notion of an authentic presentation of a natural number in Philosophy of
Arithmetic can be interpreted as an early articulation of the notion of intuition, since it serves the
same purpose within his account of number as the subsequent notion of intuition.
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relation to objects. Kant takes the distinction between intuitions and concepts to
mirror a distinction between two cognitional faculties: sensibility and
understanding.

Husserl’s notion of intuition is closer to Descartes’s position than to Kant’s,
although it differs from both.'> For Husserl, intuition is unlike symbolic under-
standing, which remains at the level of mere words. Intuition is an immediate
mode of knowing. Like Descartes, Husserl takes intuition to provide self-
evident knowledge. Unlike Kant, Husserl does not take intuition to be grounded
in a special faculty. Husserl criticizes Kant’s conception as psychologistic.'®
A related difference between Husserl’s view and Kant’s is that Husserl affirms,
and Kant denies, that concepts and categories can both be intuited. According to
Kant, concepts can be thought, but not intuited. Furthermore, Husserl claims
that Kant does not provide a satisfactory justification of the logical concepts,
which is a precondition, he argues, for accepting the forms of judgments. The
realm of logic is not adequately captured by the claim that it is subject to the law
of contradiction (LI VI, §66).

In Logical Investigations, the intuition that is relevant to mathematics is
categorial intuition, discussed in Section 1. There are two main motivations
for adopting the notion of categorial intuition in the realms of logic and
mathematics. First, categorial intuition is important in establishing the relation
between norms and truth. This nexus is discussed in the context of Husserl’s
critique of psychologism. If logic is understood only as a technique for arriving
at results on the basis of given rules, that is, for deducing conclusions from
premises by applying rules of inference, psychologism with regard to these
rules has not been eliminated. Consider, for instance, the law of noncontradic-
tion. If we view it as a technique for reaching conclusions, our rationale for
adopting it in the first place may well be psychological, namely, the feeling that
we are compelled to accept it. Husserl contends that the only justification for
adopting the law of noncontradiction, or any other law or rule of logic, is that it
is true.

The normativity of the laws of logic and mathematics depends on their truth,
and hence, on there being intuitions that fulfill intentions vis-a-vis these laws;
such intuitions can only be categorial intuitions (L/ VI, §62). Furthermore, as
we saw in Section 1, the need for something like categorial intuition arises from
Husserl’s conception of intuition as the fulfillment and confirmation of inten-
tion. The fulfillment of the meaning of the claim that there are five things on the
table includes the five-ness of the aggregated things (LI VI, §40). After Logical

13" See Hintikka (2003) for a comparison of Husserl’s notion of intuition with the pre-Kantian and
Kantian conceptions of intuition.
16 See Husserl (1956, 402).
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Investigations, Husserl abandons the notion of categorial intuition, but he does
adduce the closely related notion of seeing essences.'’

The core of Husserl’s conception of intuition is that intuition is the fulfillment
of intention.'® With regard to mathematics, intuition can be plausibly under-

stood in two main ways:

1. As akind of perceiving: the intuiting of mathematical notions is something
like perceiving them. This perception can be interpreted either as akin to
sensory intuition or as a “seeing” of essences that need not be akin to sensory
intuition.

2. As proof: a proof of a mathematical theorem amounts to an intuition of that
theorem.

3.2.1 Intuition Understood as Perception

One of the two plausible interpretations of Husserlian intuition in the mathem-
atical realm regards it as a kind of perception. In Ideas, Husserl says that
“empirical intuition or, specifically, experience, is consciousness of an individ-
ual object. . . . In quite the same manner intuition of an essence is consciousness

EED)

of something, an ‘object’ (§3). Similarly, in Formal and Transcendental Logic
(§58; italics in the original), he says that “the objectivity of something ideal can
be directly ‘seen’ (and, if we wished to give the word a suitably amplified sense,
directly experienced) with the same originality as the identity of an object of
experience in the usual sense.” Already in Philosophy of Arithmetic, perception
is related to Husserl’s notion of an authentic representation: a representation is
authentic when we see a thing itself in person, as it were (P4, 205). From
Logical Investigations onward, perception is conceived as fulfillment of inten-
tion. This fulfillment is an agreement between what is meant (intended) and
what is perceived, and this agreement is truth (L1 VI, §38). Perception involves
the recognition of something as something (e.g., a house as a house) (L VI, §§6,
37). Although Husserl claims that there is perception of universals (L/ VI, §52),
he also says, apropos the founded object, that is, the object at the categorial
level, that “the thought of a straightforward percept of the founded object . . . is

17 Husserl does not give any explanation for the change in his view, but it probably has to do with
the broader reasons for the shift to transcendental phenomenology: categorial intuition is too
close to Platonism vis-a-vis categories, and is not conducive to a clear distinction between
psychology and phenomenology. Lohmar (1990) argues that Husserl abandoned the notion of
categorial intuition due to its psychological residue. Hopkins (2011, chapter 32) contends that the
problem posed by categorial intuition is specifically related to mathematics: categorial intuition
cannot adequately ground the realm of formal mathematics.

¥ On the import of construing mathematical intuition as fulfillment of intention, see Tieszen
(1989).
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apiece of nonsense” (LI VI, §61). Hence, while Husserl can be taken to construe
the intuition of mathematical notions as in some way analogous to perception,
exactly how this analogy works is unclear.

In twentieth-century philosophy of mathematics, the best-known theory on
which intuition of mathematical concepts is akin to perception is that proposed
by Godel:

But, despite their remoteness from sense experience, we do have something
like a perception also of the objects of set theory, as is seen from the fact that
the axioms force themselves upon us as being true. [ don’t see any reason why
we should have less confidence in this kind of perception, i.e., mathematical
intuition, than in sense perception. (Godel 1964, 268)

Gaodel’s endorsement of perception in mathematics is related to his Platonism. '
Platonism is the view that mathematical objects have an independent existence,
much as rocks and chairs do, and we can therefore perceive them much as we
perceive rocks and chairs. Does Husserl’s claim that mathematical notions are
intuited have any affinity with Platonism? Answering this question is no easy
task. Husserl seeks to distinguish between the realm of meanings and concepts
(including mathematical ones) and the natural realm. But Husserl does not base
the intuition of mathematical notions on Platonistic assumptions about math-
ematical notions, and furthermore, as I will soon argue, he contends that the
categorial is founded on the empirical (L/ VI, §60).

Yet Husserl is also opposed to the naturalization of meanings. Therefore,
even if mathematical concepts are independent, the sense in which they are
deemed independent differs from that in which empirical objects are.
Consequently, Husserl would not accept Maddy’s naturalistic approach to the
perception of mathematical objects (Maddy 1980). Maddy’s position is prem-
ised on a causal theory of perception that Husserl would have been unlikely to
accept. Husserl takes causality to be applicable only in the natural realm, not in
the context of relations between intuitions and intentions.

Another problem Husserl considers vis-a-vis the claim that mathematical
notions are perceived is that sensory perception does not always provide the
exact knowledge that is required for mathematics. Husserl adduces the example
of geometrical objects. Consider triangles. They cannot be given in empirical
intuition, since empirical triangles do not have the exactitude of geometrical
triangles. As Husserl puts it, a geometrical figure is an “ideal limit incapable in
principle of intuitive exhibition in the concrete” (LI VI, §41). According to

19" Gédel’s understanding of perception in mathematics can also be linked to his reading of Husserl.
For such an interpretation of Godel’s position, see Hauser (2006). Godel’s interest in Husserl’s
phenomenology will be discussed in Section 4.
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Husserl, “no geometrical proposition holds for the drawn figure as a physical
object” (LI 11, §20).%°

Yet Husserl claims that “everything categorial ultimately rests upon sensuous
intuition” (LI VI, §60) and that attribution of the categorial to the empirical — as,
for example, in perceiving that a branch is part of a tree, that is, in ascribing the
(categorial) part—whole relation to the branch and tree — is founded on the
perception of things (LI VI, §40).>' Given that it is problematic to base
geometry on sensory perception, are there other mathematical domains that
can be grounded in sensory intuition? For example, can the natural numbers be
so grounded? It seems that Husserl indeed maintains that intuiting the number of
a group of things (an aggregate) is possible. Roughly, his account is as follows.
Five-ness is part of our perception of the five things, but it is not perceived in the
same manner as sensory perceptions of, say, trees. If the claim that there are five
things on the table is fulfilled, we perceive the five-ness in some sense, and this
fulfillment is not necessarily based on reflection on the activity of counting.

How does this mathematical intuition work? In Philosophy of Arithmetic,
a central aspect of the attribution of number is the grouping of things together by
conjunction. Is there a difference between Husserl’s position in Philosophy of
Arithmetic and his position in Logical Investigations, and if there is, what is the
role of categorial intuition in this difference? The following quote from Logical
Investigations highlights the complexity of this question.

An aggregate, e.g., is given, and can only be given, in an actual act of
assembly, in an act, that is, expressed in the conjunctive form of connection
A and B and C. ... But the concept of Aggregate does not arise through
reflection on this act: instead of paying heed to the act which presents an
aggregate, we have rather to pay heed to what it presents, to the aggregate it
renders apparent in concreto, and then to lift the universal form of our
aggregate to conceptually universal consciousness. (LI VI, §44; italics in
the original)

20 Tragesser (1989) suggests interpreting the phenomenological notion of intuition in the geometric
context as an intuition that something is the case (de dicto), not as an intuition of an object (de re).
In other words, in the geometric context, we have a de dicto intuition that p (e.g., the proposition
that A is an equilateral triangle) is the case, rather than a direct intuition of A’s being an
equilateral triangle. From the Husserlian point of view, however, the distinction between these
two kinds of evidence (de dicto and de re intuitions) is not clear-cut. Pradelle (2020, 38) adduces
Husserl’s statement: “Predicative includes pre-predicative evidence” (CM, §4), arguing that it
shows that Husserl does not distinguish between de dicto and de re in general, and in particular,
does not do so vis-a-vis intuition.

On Husserl’s notion of founding in Logical Investigations, see Rota (1989) and Nenon (1997).
Nenon distinguishes between two notions of founding in Logical Investigations: ontological
founding, which is based on the part—whole relations developed in Investigation III, and
epistemic founding, developed in Investigation VI. In the present section, the epistemic notion
of founding is most germane, but Husserl links the ontological and epistemic senses of founding.

2
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On the one hand, Husserl stresses the centrality of the act of assembling.
Since assembling is a psychological activity, this might seem to imply that in
Logical Investigations Husserl does not abandon the psychological element of
the account of natural numbers put forward in Philosophy of Arithmetic.** But,
on the other hand, Husserl explicitly critiques positions that “tried to explain the
conjunctive association of names or statements through a mere conjunctive
coexistence of nominal or propositional acts” (LI VI, §51). Moreover, there
seem to be some important differences between the accounts given in
Philosophy of Arithmetic and Logical Investigations. First, in Logical
Investigations, reflection is barely mentioned in Husserl’s remarks on conjunc-
tion and the natural numbers. This contrasts with Husserl’s account in
Philosophy of Arithmetic, discussed in the previous section; that account main-
tained that collective combination is grasped by reflecting on the act in which
a multiplicity is unified, and that the concept of “one” is arrived at by a process
of abstraction and reflection. In Logical Investigations, intuition replaces reflec-
tion as the source of the givenness of concepts such as conjunction.”* Second, in
Logical Investigations, but not in Philosophy of Arithmetic, natural numbers are
characterized as ideal species.

In Logical Investigations, Husserl does not provide a detailed exposition of
his position on the natural numbers, or explain where it diverges from the
account in Philosophy of Arithmetic, but such an exposition can, I contend, be
formulated on the basis of work by Fine.”* A possible direction for fleshing out
Husserl’s account was already alluded to by Adolf Reinach, one of the early
phenomenologists, whose position was inspired by Husserl’s Logical
Investigations (Reinach 1989). Reinach takes numbers to be objective deter-
minations of things. Husserl’s view that intuitions fulfill intentions which
ascribe number to collections is in harmony with Reinach’s position. But
Reinach doesn’t explain how these objective determinations are to be
understood.

Fine interprets natural numbers as structures of arbitrary objects. For
example, the number 2 is a structure of two arbitrary objects that are distinct
but connected (Fine 1998, 613). Fine’s account is developed as an interpretation

22 Hopkins argues that in Logical Investigations, Husserl does not provide a nonpsychological
account of conjunction; see Hopkins (2011, chapter 32).

To avoid having to ground the notion of number in psychological capacities, Husserl suggests
that the intuitive aspect of attributing number to an aggregate of things can be based on a figural
structure of the aggregate, for example, a heap or a row (LI VI, §51). Although Husserl had
already discussed the notion of figural structure in Philosophy of Arithmetic (PA, 216), it did not,
in my opinion, play the same grounding role there that it plays in Logical Investigations. Husserl
uses Ehrenfels’s notion of “Gestalt” to characterize this figural content.

24 For a detailed explanation of what such an account would look like, see Roubach (2021).

23
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of Cantor’s conception of natural number: “Since every single element m, if we
abstract from its nature, becomes a ‘unit,’ the cardinal number M is a definite
aggregate composed of units” (Cantor 1915, 86). This definition is very
similar to Husserl’s Philosophy of Arithmetic conception of number as
a collective combination of “one”s.”> But Fine’s position fits even better
with Husserl’s position in Logical Investigations, for three key reasons.
First, Fine takes natural numbers to be objective structures of things.
Second, these structures are not independent of the domain of things to
which they are applied, but are grounded in the things being counted. This is
much like Husserl’s approach, which takes the categorial to be founded on
concrete objects and their apprehension. Third, Fine’s theory of natural num-
bers is linked to phenomenology by the fact that one of Fine’s motivations is to
provide an account of the way mathematicians speak about arbitrary objects
(“let n be an arbitrary natural number”), a motivation shared with phenomen-
ology. Interpreting Husserl’s position on the basis of Fine’s theory, the intu-
ition of a natural number would be an apprehension of a structure that is
grounded in the intuition of specific aggregates (e.g., the intuition of the
number 2 as a structure is grounded in the intuition of two specific objects,
say, a chair and a table).

This reading helps us to elaborate on Husserl’s remarks about intuiting
essences and universals (LI VI, §52). In Logical Investigations, the intuition
of essences ensues from ideational abstraction. The element of abstraction in the
intuition of essences lends itself to interpreting Husserl’s approach to number in
Logical Investigations along the lines of Fine’s Cantorian theory, as the move-
ment from an aggregate of particular objects to a structure of arbitrary objects.

Later (e.g., in Experience and Judgment, §87), Husserl speaks of “seeing”
essences. This seeing is achieved by a process of variation. By varying the
perspective from which we view — in our imagination — a specific spatial object,

% Spatial objects

a table, for instance, we discover its essence as a spatial object.
are always given only partially. Can such a perspectival approach be applied to
intuition in mathematics? It seems plausible to construe seeing part of
a mathematical notion as akin to seeing part of an empirical object.”” On this
construal, mathematical notions, like spatial objects, can only be grasped

partially. In light of the incompleteness results, this “always only partial”

25 Moreover, Fine’s account defends Cantor’s conception against Frege’s critique. Frege argues
that units that are counted cannot ensue from a process of abstraction. As noted in the previous
section, Frege’s critique is also directed at Husserl’s approach to natural number in Philosophy of
Arithmetic (Frege 1972, 324). Fine does not explicitly link his approach to Husserl’s position.

26 The idea of free variation is mentioned in Logical Investigations (LI 111, §5), but only later (e.g.,
in EJ, §87a) becomes the primary means of seeing essences.

27 A perspectival conception of mathematical intuition is developed in Tieszen (1989, chapter 6).
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approach would also be suitable as an interpretation of Godel’s notion of
intuition, which takes the intuition of mathematical notions to be similar to
the perception of physical objects.

According to Husserl, essences are characterized as that “without which the
object cannot be intuitively imagined as such” (EJ, §87). The realm of essences
is the realm of pure possibilities (£J, §90). Husserl connects his conception of
essences to Plato’s, but does not adopt Platonistic metaphysical assumptions
about them. Essences do not exist in themselves, separately. Only physical
objects exist separately.

Given that the intuition of essences does not assume that they exist independ-
ently, there are two principal interpretations of Husserl’s view of essences:

1. Essences are dependent aspects of sensory objects. They exist, but not
separately. This interpretation, which can be called the Aristotelian inter-
pretation, is close to the Finean interpretation of Husserl’s position just
proposed. It faces two problems. First, it significantly limits the mathemat-
ical domains that can be given in intuition. Only the realms of mathematics
that are applicable to sensory reality can be given in intuition. Second,
Husserl maintains that meanings are not grounded in the sensory (LI VI,
§57). Is this position compatible with construing the intuition of essences as
the intuiting of aspects of sensory objects?”®

2. No ontological commitment vis-a-vis essences need be made.”’ This can be
called the Humean interpretation. It takes truths about essences to be analo-
gous to Humean relations of ideas. The problem with this interpretation is that
it leaves the standing of categorial essences unclear. Moreover, if essences are
meanings that do not exist at all, this seems to blur the distinction between

intuiting such meanings and understanding them conceptually.””

3.2.2 Intuition Understood as Proof

We have examined the first of two plausible interpretations of Husserlian
intuition in the mathematical realm, namely, the interpretation that takes intu-
ition to be a kind of perception of mathematical essences. Although, as we saw,
it is possible in some cases to relate intuition in mathematics to perception, it is

2% One way to meet this challenge is to claim that though meanings are not grounded in the
empirical realm, the intuition of meanings is.

2% For an example of this sort of interpretation, see Thomasson (2017).

30 Interpreting Husserl’s position as not making a sharp distinction between intuiting a meaning and
grasping it conceptually can be seen as reflecting his claim that categorial intuition is the real
performance of categorial acts, that is, it is the actualization of categories by thinking with them,
rather than a separate way of grasping them (L/ VI, §62). This interpretation of Husserl’s
position, which has been suggested by Pradelle (2020, chapter 2), will be discussed below.
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difficult to deem perception applicable to all mathematical notions, especially
very abstract notions such as large cardinals. We also saw that Husserl rejected
the Platonistic interpretation of intuited mathematical essences, but neither the
Aristotelian nor the Humean reading of what essences are can provide
a satisfactory account of mathematical intuition. We thus now turn to
the second option for interpreting Husserlian intuition in the mathematical
realm: understanding intuition in terms of proofs. This interpretation is not
based on the perception model, but rather takes proofs to constitute evidence
that a thought or theorem is true. On this approach, proofs are not just signs
organized according to a set of rules, but have epistemic import.

Does every proof provide evidence in the required sense? It is true that every
proof provides a justification for accepting a theorem, but does this justification
always correspond to intuition as Husserl conceives it? It does not, for two
important reasons. First, an intuition, as Husserl understands it, seems to be
more than a mere justification for accepting a theorem. It is a sort of insight,
a way of “seeing” that a theorem is true, but not every proof provides such
insight.”' Second, Husserl argues that intuition provides the ultimate ground for
mathematics, but it is not the case that the entire body of mathematics is grasped
by intuition. According to Husserl, “the realm of meaning is, however, much
wider than that of intuition” (LI VI, §63; italics in the original). If so, all of
mathematics does not meet the condition of being grounded in intuition. But
were every proof equivalent to an intuition, all accepted mathematical theorems
would be intuitively given.

The idea that mathematical intuitions must amount to more than mere proofs
appears to be related to the practice of mathematics. Mathematicians are not
always content to have only a single proof of a theorem. From the perspective of
mathematical praxis, it would seem that not every proof provides satisfactory
evidence for a theorem. Inspired by Husserl, Gian-Carlo Rota has suggested a
way to link proofs to intuition without requiring all proofs to be grounded in
intuition. Rota ponders why mathematicians put so much effort into proving
a theorem that has already been proven. His answer is that they are trying “to
debunk the fakery that lies concealed underneath every logically correct proof”
(Rota 1997a, 195). According to Rota, this is the main task that occupies
mathematicians (Rota 1991, 135). An approach that, though not rooted in the
phenomenological tradition, is similar, distinguishes between mathematical
proofs that are explanatory and mathematical proofs that are not explanatory,

3! In the text “On the Logic of Signs” from 1890, Husserl puts forward the requirement that genuine
knowledge must provide insight into the meaning of a symbolic representation. I contend that
this reflects the idea that not every proof constitutes an intuition about a mathematical theorem;
see Husserl (1994, 47).
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a distinction that goes back to Proclus, if not further. In analytic philosophy of
mathematics, systematic articulation of a notion of explanation in mathematics
began with the work of Mark Steiner.”> According to Steiner, an explanatory
proof of a theorem is a proof that hinges on the characterizing properties of the
entities referred to in the theorem, which he also calls their “essence” (Steiner
1978, 143). Steiner’s approach can therefore be seen as a way to interpret
Husserl’s notion of intuition in mathematics in terms of explanatory proofs.

Another direction for interpreting the notion of intuition in terms of proofs is
to argue that it is not a specific kind of proof, or any single proof, that provides
intuition into mathematical theorems and notions. Rather, intuition is the grad-
ual enhancement of our understanding of mathematical notions, enhancement
attained by having more and more proofs of the theorems and notions in
question.”” Understanding of a mathematical notion is reached by relating it
to other notions through proofs. This interpretation meshes well with Husserl’s
assertions that “it is essential to these [categorial, MR] acts, in which all that is
intellectual is constituted, that they should be achieved in stages” (LI VI, §57;
italics in the original) and that there is “graded transition from intention to
fulfilment,” the final fulfillment being an ideal, namely, the notion’s being made
self-evident (L/ VI, Introduction).>*

3.2.3 Can the Two Understandings of Intuition Be Reconciled?

Is it possible to reconcile the two understandings of the Husserlian notion of
intuition, namely, intuition understood in terms of proof, and intuition understood
as perception? One option is to interpret proofs as perceptions. This accords with
the characterization of perception as dichotomous: either we see the table or we
don’t. But there is another way of reconciling proofs and perception. The
perception of spatial objects always takes place from a certain perspective. This
feature can also be adduced vis-a-vis proofs.>> Any proof captures a mathematical
theorem or notion only partially. On this interpretation, the goal of accumulating
proofs of the same theorem is to arrive at a fuller view of the theorem.

32 For an overview of the different conceptions of explanation in mathematics, see Mancosu
(2018).

3 See Pradelle (2020) for a development of this interpretation.

3% On this interpretation of Husserl’s notion of categorial intuition, the history of mathematics can
be seen as generating successively clearer intuitions of the mathematical concepts. This inter-
pretation thus links Husserl’s position in Logical Investigations to his later position, expressed,
for example, in “Origin of Geometry,” in which the history of mathematics plays a central role.
Husser!’s later position is discussed in Section 3.3.2.

35 That proofs are related to perceptions in this manner is suggested in Pradelle (2020, 133).

36 This interpretation of Husserl’s notion of intuition meshes well with his position on the Frege—
Hilbert controversy. Husserl read the correspondence between Frege and Hilbert regarding
geometry, commenting on various points raised (P4, 468-73). Frege objected to the idea that it
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The analogy between perceptions and proofs can be taken further if we
interpret the mathematician’s activity of accumulating multiple proofs as analo-
gous to the perceiver’s accumulation of kinesthetic experiences, which are,
Husserl contends, essential for extraction of the invariant essence of the per-
ceived object (EJ, §87).

Yet the attempt to reconcile perception and proofs by invoking their gradual,
cumulative character is problematic insofar as it is unclear why we would
characterize such processes as intuition. Intuition is ordinarily taken to be an
immediate apprehension, and is dichotomous, not a matter of degree: either you
have an intuition or you don’t. Activity that seeks to achieve a comprehensive
understanding of a mathematical notion seems like something quite different.

3.3 Transcendental Phenomenology and Mathematics

The transcendental turn in phenomenology leads to a change of focus: the way
things are given is examined from the perspective of consciousness, and
ultimately, from the perspective of the transcendental ego. The shift to transcen-
dental phenomenology is also relevant to Husserl’s understanding of mathem-
atics. A central element of the turn is Husserl’s focus on the distinction and
correlation between noesis and noema. This focus is reflected in the phenom-
enological inquiry into logic and mathematics, each of which has both an
objective and a subjective side (FTL, §8). The distinction between noesis and
noema, and so too, their correlation, renders the mathematician relevant to
constituting the meanings of the mathematical notions. After the transcendental
turn, Husserl understands his pre-phenomenological account of natural num-
ber in Philosophy of Arithmetic as a “constitutional” account (FTL, §27).
How is constitution to be understood? How is it distinguished from
a psychological process? Is it a process in time? Is it identical to construction
in time? Is a constituted meaning based on a pre-given ideal? (F7L, §73). Can
a position based on meanings constituted by mathematicians avoid rendering
mathematics subjective? For any given notion, how can we ensure that different
mathematicians constitute the same meaning? Is a concept constituted by one

is the theory of geometry as a whole that fixes the meaning of the basic notions of geometry (e.g.,
point, line). For the meaning of a notion to be determinate, Frege argued, the notion must be
given an independent definition. Husserl supports Hilbert’s conception of a formal system, which
is close to his own conception. Moreover, Hilbert’s conception is also in harmony with a critique
of Frege Husserl voices in Philosophy of Arithmetic. Contra Frege, Husserl maintains that the
basic logical and mathematical concepts cannot be defined (P4, 124-5). In light of the interpret-
ation of intuition that takes it to arise from the totality of proofs of a theory, and not as an
independent grasping of the meaning of a basic notion, this could be another point of agreement
between Husserl and Hilbert (although Husserl does not say so explicitly). Husserl’s position on
the Frege—Hilbert controversy is also discussed in Section 4.2.
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individual, or intersubjectively? Does the idea that the basic concepts of math-
ematics are constituted, as opposed to being discovered, entail that mathematics
is inherently limited, and if so, does that make transcendental phenomenology
arevisionist position vis-a-vis mathematics? These questions will be considered
in this section and the following one. We will begin by discussing the constitu-
tion of two key mathematical notions: set and continuum, after which we will
present various models of constitution.

3.3.7 Constitution of Mathematical Concepts
Set

According to Husserl, the constitution of a set is not just an apprehension of one
object and then another one, such that the previous object is retained in
the second apprehension, and so on. Rather, it requires an additional act in
which unity is attributed to the objects apprehended. In the case of two objects,
in addition to apprehending the objects one after another, there is an additional
act, that of grasping the two objects together. A set is constituted by this
unifying act of consciousness; it is the “noetic unity of consciousness” (EJ,
§61). Only afterward, in retrospective apprehension, does this act become an
object. A set is defined by its members: “every set must be conceived a priori as
capable of being reduced to ultimate constituents” (§61). Sets can be colligated
to create sets of sets. With respect to their characterization in language, that is, in
judgments, sets are related by means of conjunctions (“and”) or disjunctions
(“or”).”’

The idea that mathematical notions are constituted raises the question of the
relation between the phenomenological notion of constitution and Husserl’s
earlier notion of the unity of a multiplicity, discussed in Philosophy of
Arithmetic. At first glance, there do not seem to be any significant differences
between the two approaches. Might “constitution” simply be another name for
the psychological account of the mathematical notions? This question poses
a serious challenge to phenomenology. One possible answer invokes the correl-
ation between noesis and noema: every noesis related to constitution of the
notion of set is correlated with an objective noema, hence constitution has an
objective as well as a subjective side.

According to Husserl, an advantage of the idea of constituting mathematical
concepts is that it enables us to preempt the logical paradoxes, and specifically,
those arising from the notion of set, thereby helping to overcome the crisis of
foundations in mathematics (Britannica, §12). Through constitution, the

37 On Husserl’s account of sets, see da Silva (2013).
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meanings of mathematical notions, such as that of set, are rendered transparent,

and do not rest on any hidden assumptions.”®

Continuum

The nature of the continuum has engaged mathematics and philosophy since
antiquity. The continuum raises two key questions: can a number be assigned to
every segment of the continuum (the problem of the irrationals), and is the
continuum made up of points? In the late nineteenth and early twentieth
centuries, mathematicians proposed new answers to these questions. Along
with Dedekind and Cantor, Weierstrass, Husserl’s teacher, arithmetized the
continuum, that is, described it as a multiplicity of points, each of which can
be assigned a number. Husserl discusses the Cantor—Dedekind conception of the
continuum in a text from the early 1890s. He ponders whether the Cantor—
Dedekind definition of the continuum as a dense set that contains all the limits of
the fundamental series in it should be considered a description of a previously
given notion of the continuum, rather than a definition in its own right (Husserl
1983, 84). Husserl was also familiar with at least some of Brentano’s discus-
sions of the mathematical notion of the continuum.’” Both in Philosophy of
Arithmetic and in Logical Investigations, Husserl seems to uphold the arithme-
tization of the continuum. The idea that natural numbers are the basis of
mathematics in its entirety, and the conception of mathematics in terms of the
theory of manifolds — which, as we saw, Husserl endorsed — seem to support the
conception of the continuum as a multiplicity of points, each of which has
a numerical value.

Yet there is tension between this arithmetized conception of the continuum
and various ideas Husserl came to uphold as his phenomenology developed,
particularly that of temporal consciousness. Husserl views consciousness of
time as more than just a specific realm of consciousness, for it plays a central
role in phenomenology in general. According to Husserl, our basic conscious-
ness of time is not consciousness of a punctual present, but consciousness of an
interval that encompasses a retention of the near past, a primal impression of the
present moment, and a protention toward the future. In Ideas, Husserl questions
whether the mathematical account of the continuum as a set corresponds to our
experience, asking “Is the stream of consciousness a genuine mathematical
manifold?” (§73). Moreover, in The Crisis of European Sciences, Husserl
explicitly objects to the arithmetization of geometry: “This arithmetization of

3 Husserl discusses the paradoxes of set theory in a text from 1912; see lerna and Lohmar (2016).

39 Husserl attended a seminar at which Brentano discussed the notion of the continuum, and refers
to Brentano’s conception of the continuum in his “Thing and Space” lectures (Husserl 1997, 59).
On the influence of Brentanian philosophy of mathematics on Husserl, see Ierna (2017).
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geometry leads almost automatically, in a certain way, to the emptying of its
meaning” (Crisis, §8).

Against the background of the mathematical and philosophical focus on the
nature of the continuum in the first decades of the twentieth century, the tensions
noted by Husserl prompted much discussion of the relation between the con-
tinuum as experienced and the mathematical conception of the continuum. The
two principal elucidations of the continuum that invoked phenomenological
considerations were those put forward by Hermann Weyl and Oscar Becker.

Weyl on the Continuum

Hermann Weyl, a leading early-twentieth-century mathematician, also worked on
the philosophical foundations of mathematics. In 1918 he published an essay
examining the relation between the intuitive continuum and the mathematical
account of the intuitive continuum. Both Weyl’s overall framework (e.g., his
characterization of a judgment as a claim about a state of affairs) and his under-
standing of the intuitive continuum, were influenced by Husserl’s positions.
According to Weyl, time is the most fundamental experience of the continuum
(Weyl 1987, 88). This experience cannot be generated by point-like moments (91).
In experiencing time, we have, in addition to an experience of a “now,” the
experience of something slipping away (92). Weyl asks whether it is possible to
mathematize a conception of our experience of time that allows for both the
determination of temporal relations (earlier and later) and the comparison of time
spans. Having spelled out the conditions under which this mathematization is
possible, he argues that, from the perspective of the experienced continuum of
time, these conditions cannot be met (91-2). Moreover, points are not experienced
as entities that exist in themselves. Hence, formal number systems must be distin-
guished from the experienced continuum, though there is a relation between them.
Weyl’s conception of the relation between the formal notion of the continuum (i.e.,
the mathematical continuum) and the experienced continuum can be interpreted as
paralleling Husserl’s account of the relation between signification and intuition.
During the 1920s, Weyl’s position underwent two changes. In 1921, Weyl drew
closer to Brouwer’s position on the relation between the intuitive (i.e., experi-
enced) and the mathematical continua (Weyl 1998). Weyl now says that the
mathematical continuum is a continuum of becoming. Weyl and Brouwer take
the experienced continuum to be a constraint on mathematical conceptions of the
continuum, determining which conceptions are acceptable. To reduce the gap
between the experienced and mathematical continua, Brouwer developed the
notion of choice sequences. This notion injects into mathematics an element of
becoming and evolving over time. But Weyl’s position is not identical to Brouwer’s.
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Weyl does not accept the notion of an arbitrary choice sequence as a mathematical
notion, and hence, given the constraint of the experienced continuum, takes the
possibilities for developing a mathematical account of the continuum to be more
limited than Brouwer does.*’

Later, Weyl distanced himself from both Husserl’s phenomenology and
Brouwer’s intuitionism, preferring Hilbert’s formalism. The motivation for
this shift was recognition of the fact that intuitionism is too restrictive to
accommodate certain areas of applied mathematics, particularly in physics. At
this point, Weyl maintains that it is mathematics’ applicability that renders
mathematical formulas meaningful.*'

The influence of Brouwer’s thought on Weyl’s evolving conception of the
continuum raises various questions. Is Brouwer’s concept of the continuum in
harmony with the phenomenological conception of the continuum, or incom-
patible with it? And more broadly, what is the overall relation between phe-
nomenology and Brouwer’s intuitionism? To what extent are they in harmony?
The latter question will be discussed in Section 4.

Oskar Becker on the Continuum

During the 1920s, Oskar Becker, who studied under Husserl and Heidegger,
sought to provide a phenomenological response to the debates about the founda-
tions of mathematics. Becker discusses the notion of the continuum in his 1923
essay “Contributions to a Phenomenological Grounding of Geometry and its
Applications in Physics” and his 1927 book Mathematical Existence. In the
essay, he examines the continuum problem from a Husserlian perspective, but
also in relation to the work of Weyl and Brouwer. According to Becker, the
problem of the continuum is the problem of arriving at a rational conception of
pure intuition (Becker 1923, 397). Becker addresses this problem by distinguish-
ing three approaches to characterizing the continuum as a set of points. The
weakest, in his view, is the Cantorian approach that defines sets in terms of their
members, and the strongest is the approach based on Husserl’s notion of defini-
tude, discussed in Sections 2 and 3.1, which Becker (adducing Ideas, §72) defines
as the possibility of deciding (Entscheidung) the provability of all the propositions
in an axiomatic system. Becker delineates a middle position, which he attributes to
Russell, that defines a set as the extension of a concept, and contends that adopting
this middle position makes it possible to answer certain questions that cannot be
answered on the Cantorian approach. To illustrate the differences between the

40 Van Atten, van Dalen, and Tieszen (2002) argue that the disagreement between Weyl and
Brouwer over choice sequences is related to Weyl’s being inclined toward Husserl’s view that
mathematical objects are nontemporal.

41 See, for example, Weyl (1949, part I, chapter 2).
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Cantorian and Husserlian approaches, Becker gives the example of Fermat’s last
theorem and the quadruples that satisfy the equation. On the first approach, what is
required is that for any quadruple of natural numbers, we can know if it satisfies
the equation or not. The approach based on Husserl’s notion of definitude requires
that we prove whether Fermat’s last theorem is true or not, a much stronger
requirement. Becker upholds the Husserlian stance. He argues that from the
perspective of transcendental phenomenology, Husserl’s notion of definitude
must be adopted, because it enables us to determine everything that can be true
regarding any object, since every proposition about the object is either provable,
or its negation is provable (Becker 1923, 412). He further claims that constitution,
too, requires adoption of Husserl’s notion of definitude, which is compatible with
intuitionism (414), but not with the Cantorian conception of a set.*” Becker argues
that this compatibility with intuitionism ensues from the fact that each element of
a Husserlian definite multiplicity is constructed individually.

With regard to the mathematical treatment of the continuum, Becker distin-
guishes three levels: the morphological, the topological, and the geometrical.
The morphological level describes our impressions of the form of the con-
tinuum (e.g., a line without breaks). The topological level gives formal charac-
terizations of the continuum (e.g., in terms of connectivity) and provides the
means for deploying a kind of “net” over the continuum that can then be used to
generate algorithms or calculations (Becker 1923, 424). At the geometrical
level, Becker argues, the notion of limit can be introduced (424). The notion
of limit makes it possible to bridge the gap between rational processes that are
sometimes infinite (i.e., the topological level) and the strictly intuitionistic
morphological characterization of the continuum (425).*

3.3.2 Modes of Constitution

The aim of constitution is to answer the question of how the cognition of
idealities as idealities is possible.** Husserl’s notion of constitution seeks to
allow for a position that does not take the cognition of mathematical notions to

42 Becker takes Brouwer’s intuitionistic conception of the continuum to be equivalent to the
concept Weyl put forward in his 1921 essay (Weyl 1998), although as mentioned above, there
are important differences between the two conceptions. Brouwer had, from the mid-1910s,
accepted choice sequences as legitimate mathematical entities, whereas Weyl did not accept
choice sequences. Becker discusses the notion of choice sequences in his study of mathematical
existence (Becker 1927). He maintains that a phenomenological account of choice sequences
requires the conception of time proposed by Heidegger in Being and Time, rather than the
Husserlian notion of definitude.

In his discussion of space in Being and Time (Heidegger 1962, 146—7), Heidegger adopts
Becker’s distinction between these three levels.

4 Husserl also calls this inquiry “transcendental criticism of cognition” (FTL, §66).

43
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be based on the Platonistic assumption that idealities, including mathematical
notions, exist independently, yet does not revert to psychologism. Within the
phenomenological tradition, the constitution of mathematical notions has been
accounted for in various ways. Two of these modes of constitution will now be
explored: a “Kantian” option, on which space and time are the basis for the
constitution of mathematical concepts, and a “Leibnizian” option that takes
monads to be the basis for the intersubjective constitution of mathematical
objects.

Geometry and the Experience of Space

Before examining Husserl’s thought on geometry and its relation to space, we
should distinguish between the two main conceptions of geometry in his
writings. In Logical Investigations, under the influence of Riemann and
Hilbert, Husserl sees the different geometries as formal theories no different
from other formal theories such as arithmetic. The different geometries are
axiomatic theories, each of which determines a formal manifold. On this
conception of geometry, geometrical figures cannot be given as concrete intu-
itions (LI VI, §41), hence geometry is not related to the experience of space.
Husserl puts forward a different conception of geometry in Ideas, where he
takes geometry to be the a priori characterization of the form of space
(Ideas, §9).*° So conceived, geometry differs from formal theories such as
arithmetic, because it applies to a specific domain, whereas formal theories
apply to any object. In Husser!l’s terminology, geometry is an a priori material
science, whereas arithmetic, for example, is a formal science. This approach has
clear similarities to Kant’s conception of geometry.*

Husserl distinguishes between space as it is experienced and objective space.
Experienced space is the space of our perceptual experience of objects.
Experienced space is constituted by a distinction between a body (the null-
point) as the center of vision and objects that are seen. The movement of one’s
body changes the perspective from which objects are seen. There are other
changes as well: some objects disappear and new ones are perceived. Although
experienced space has a privileged point of view (one’s body as the null-point),

45 Intimations of this approach can, however, already be detected in some Husserlian writings that
predate Logical Investigations, which was published in 1900. In these texts, Husserl claims that
some experience of space is required for notions such as curvature and dimension. See Husserl
(1983, 312-47).

There are, however, some important differences between this conception of geometry and Kant’s
conception. Husserl, unlike Kant, does not distinguish, vis-a-vis space, between that which is
given in intuition and that which is generated by the understanding. Husserl rejects the Kantian
distinction between the form and matter of space. For a detailed comparison of the Husserlian
and Kantian conceptions of space, see Pradelle (2000).

46
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this point of view is just one of many possible points of view. For an object to be
perceived from various perspectives requires, in addition to the possibility of
the perceiver’s moving and seeing it from different angles, the realization that
each such perspective is just one of many possible perspectives. Experienced
space assumes multiple perspectives as well as rules governing the transition
from one perspective to another. Objective space, by contrast, is not perspec-
tival at all, nor is it based on a privileged point of view (such as one’s body)
(Husserl 1997, 337).

Husserl’s thought suggests three main ways in which the experience of
space plays a constitutive role vis-a-vis geometry. One suggestion views
geometrical shapes as idealizations of shapes given in experience. This
approach posits an epistemic transition from, say, experienced triangles to
the geometrical triangle. Granted, there is a gap between the imprecise
shapes we experience and the geometrical shapes (I/deas, §74). But this
gap does not entail that there is total separation between geometrical shapes
and concrete sensuous intuitions. Indeed, this is why geometry is a material
science, as opposed to a formal science like arithmetic. A second option for
relating geometry to the experience of space invokes eidetic reduction, the
extraction of essences from the specific contexts in which they are given. We
arrive at geometrical notions, such as the notion of the circle, through bodily
movement and acts of imagining (£J, §89). This conception of the process
that reveals the geometry underlying our experiences is similar to the idea
that geometries can be characterized in terms of what is invariant under
different permutations of geometrical figures, as proposed by Felix Klein’s
Erlangen Program.*’

A third suggestion regarding the constitution of geometry from the experi-
ence of space is proposed in “Origin of Geometry,” Husserl’s last work."®
“Origin of Geometry” discusses the emergence of geometry as a science. It
addresses the historical development of geometry, though Husserl is not con-
cerned with geometry’s actual history, but with something that could be called
its “transcendental” history, that is, an inquiry into the conditions that were
necessary for the emergence of geometry as an exact science of space.
According to “Origin of Geometry,” the constitution of geometry has several
layers. The human activity of measuring provides the foundation for geometry
(Crisis, 376). The second step is constitution of the ideal meanings of geometry
by one individual, a sort of first inventor of geometry, though not necessarily

47 For this sort of interpretation of Husserl’s “eidetic reduction” suggestion about the role of
experienced space in constituting geometry, see Tieszen (2005).

48 «Origin of Geometry” is related to the discussion of modern mathematical physics in §9 of
Crisis, and was probably meant to be part of that section.
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a historical “first geometer” such as Thales. Third, geometry is transmitted from
one person (presumably, a mathematician) to another and from one generation
to another. During this process of transmission, the meanings of the geometrical
concepts and theorems are preserved. These meanings thus originate as actual
thoughts of some specific individual at some specific time, but subsequently are
widely disseminated: “the Pythagorean theorem . . . exists only once, no matter
how often or even in what language it may be expressed” (357). The persistence
of these ideal geometrical objects even when nobody is thinking about them is
made possible by written language. Through the written words in which geom-
etry is expressed, geometry accumulates and becomes, as Husserl puts it,
“sedimentary,” that is, part of the grounding for new generations of mathemat-
icians (361). Through their work, geometers passively reactivate the meanings
of the geometrical concepts and theorems; they do not need to actively excavate,
as it were, the origins of these entities, though it would be possible for them to
do so (364).

Mathematics and Time

While the experience of space is related to specific domains of mathematics —
geometry and topology — time can be related to the constitution of all
mathematics. Husserl takes this constitution to be based on our conscious-
ness of time. According to Husserl, our primary consciousness of time
includes not only the present moment, but also retention of the near past
and protention of the imminent future, or expectation (Husserl 1991).
Building on this basic experience of time, the notion of objective time is
constituted in two stages. The first stage involves the possibility of remem-
bering an event and locating it within a series of events in time. Through
such recollection, an order of events is created. The second stage is the
creation of a unit that enables us to establish distances in time; these steps
yield the objective notion of time.

The two central mathematical notions that can be interpreted as constituted
by the experience of time are the continuum and the natural numbers. Our basic
consciousness of time, which retains the near past in the present, generates the
continuum. The movement of the present into the past is continuous. The natural
numbers can be interpreted as generated by the irreversibility of the objective
order of time.

Linking mathematics to the consciousness of time marks a change in
Husserl’s conception of the status of irreal or ideal objectivities in general,
and mathematical concepts in particular (F7L, §61). Mathematical objects are
no longer conceived as a-temporal, as they were in Logical Investigations, but
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rather as omni-temporal. They are omni-temporal by virtue of being inher-
ently related to the structure of time: there is no time at which they do not exist
(EJ, §64c).”

Taking the experience of time as the basis for the construction of mathemat-
ical concepts is also at the heart of Brouwer’s conception of mathematics.
According to Brouwer, the intuition of “two-oneness,” which is the intuition
of the “falling apart” and unification of the moments of time, is “the basal
intuition of mathematics” (Brouwer 1975, 127). Brouwer’s position raises the
question, which we asked in Section 3.3.1 and which will be explored in
Section 4.4, of the extent to which Husserl’s phenomenology accords with
Brouwer’s intuitionism. Here we will only say that if one takes the position
that Husserl’s notion of the experience of time is the sole basis for the constitu-
tion of all mathematical concepts, then it can be argued, as Weyl does, that
Husserl’s phenomenology is largely in harmony with Brouwer’s intuitionism,
though there are important points of disagreement (e.g., the unconditional
validity of the law of excluded middle is flatly rejected by Brouwer, but not
by Husserl). Although Husserl does not restrict the sorts of mathematical
concepts that can be constituted, given that consciousness of time is the basis
for constituting the notion of the continuum, conceiving the continuum as
primarily a set of points seems to be ruled out.

Taking time as the basis for the constitution of mathematical concepts raises
the question of the historical development of mathematical concepts. This issue
comes to the fore in Husserl’s later thought. In The Crisis of European Sciences,
Husserl argues that the change from ancient to modern mathematics was
noncontinuous; in “Origin of Geometry” he explores geometry’s emergence
as a science. How should these accounts of mathematics’ historical develop-
ment be understood? Husserl rejects two interpretive approaches. On the one
hand, he rejects the historicistic approach that takes the meaning of
a mathematical notion to be relative to a historical period. Husserl maintains
that his critique of psychologism also applies to historicism. On the other hand,
he likewise rejects the claim that mathematics is completely independent of
history. Husserl does not present a fully developed alternative reading of the
mathematics—history nexus. A clue to his view can, however, be found in his use
of the notion of “historical a priori” in “Origin of Geometry” (Crisis, 373). Two
interpretations of this notion suggest themselves: it could refer to the a-histor-
ical a priori conditions that govern history in general, or, to the historicity of all
a priori conditions. I would argue that Husserl has in mind a hybrid

49 On Husserl’s evolving views on the relations between mathematical objects and time, see
Lohmar (1993).
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interpretation: the historical a priori refers to a priori conditions on events, but
these conditions change from one historical period to another, and are thus
temporal.

Are there specific reasons why we should adopt a historical approach to the
constitution of mathematics? Jacob Klein argued that from a phenomenological
perspective, the constitution of formal modern mathematics cannot be a-histor-
ical (Klein 1940). The transition from ancient mathematics to modern symbolic
mathematics is a noncontinuous jump, Klein asserts, because modern symbolic
mathematics is formal, whereas ancient mathematics is not. The transition from
the ancient notion of natural numbers as pluralities of units to the modern
conception of natural numbers as symbols, for instance, is not continuous.
Hence, inquiry into the constitution of mathematical notions mandates examin-
ation of the history of their development.

Derrida suggested an additional reason for the adoption of a historical
approach to the constitution of mathematics in Husserl’s later thought
(Derrida 1989). It is related to Husserl’s claim in “Origin of Geometry” that
written language played a crucial role in rendering the geometrical notions
objective. According to Derrida, written language reduces the possibility of
directly grasping the original givenness of the geometrical notions. Hence, the
constitution of the meanings of geometrical notions is a process that takes place
over time, that has a history. It is not possible to bypass the history of geometry
and go directly to the original meanings of its notions.””

Mathematics and Intersubjectivity

At some point Husserl adopts an intersubjective approach to constitution.
Intersubjective constitution can be interpreted in various ways, but in the
mathematical context, the most suitable interpretation seems to be that based
on Leibniz’s notion of the monad, which Husserl adopts in, inter alia, Cartesian
Meditations (CM §§33, 55).° Why does Husserl consider a community of
monads an apt basis for an intersubjective theory of constitution in general,
and for the constitution of mathematics in particular? Each monad has
a representation of the entire world, including mathematics, but not every
monad is able to articulate this representation. Different monads conceptualize
mathematics at different levels, but this does not lead to disagreements over the
meanings of the mathematical notions. On a monadological model of intersub-
jectivity, mathematics is not relative to one subject or monad. Nor does this

30 For a comparison of Klein’s and Derrida’s respective approaches to the historical emergence of
the meanings of mathematical notions, see Hopkins (2005).

31" A phenomenological interpretation of Leibniz’s Monadology was also suggested by Mahnke
(who studied under Husserl and Hilbert); see Mahnke (1917).
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model require any limit on what can be known. As in the case of the transcen-
dental ego, there is nothing that, in principle, a monad cannot know. An
additional advantage of a monadological interpretation of intersubjectivity is
that the coordination between the monads’ different perspectives does not
presuppose a realistic interpretation of the mathematical notions. On Leibniz’s
conception, the world is comprised solely of monads, and mathematical con-
cepts have no existence outside them.>

3.4 Phenomenology and the Application of Mathematics

The application of mathematics plays an important role in Husserl’s thought
about mathematics.” Husserl’s phenomenology conceives the application of
mathematics in two different ways. One conception construes mathematics’
application to empirical reality as a matter of the fulfillment of intentions.
For example, the thought that there are two cups on the table is confirmed by
an intuition of the cups that incorporates application of two-ness to the
empirical state of affairs. This conception of the application of mathematics
is related to Husserl’s understanding of mathematics in terms of formal
axiomatic systems; these systems can be applied to the empirical realm.
The primary difficulty posed by this conception arises apropos applying
geometry to the empirical realm, which lacks the exactness of geometry as
a mathematical theory.

A second conception of the application of mathematics, which can be called
“application of mathematics first,” conceives the application of mathematics as
a starting point for the extraction of pure mathematical notions. This conception
is already implicit in Philosophy of Arithmetic, where the notion of the natural
numbers is arrived at by reflecting on the specific multiplicities of things to
which it applies. This approach is explicit in Husserl’s notion of eidetic reduc-
tion: the mathematical notions are extracted from permutations of content given
in experience.

But there are also tensions between phenomenology and the application of
mathematics, tensions arising from discrepancies between the world as we
experience it and the world as it is described by mathematical physics. One
example is the divergence between our experience of secondary qualities
such as colors and sounds, and the quantitative scientific account of these

2 Adopting the notion of the monad as the basis for an account of the intersubjective constitution of
mathematics was also suggested by Godel. According to Wang, Godel considered Husserl’s
transcendental phenomenology to provide the best interpretation of the notion of a monad. For
a discussion of Godel’s and Husserl’s respective conceptions of monads, see Tieszen (2012).

33 For example, the question of the application of mathematics is a central motivation for his
discussion of imaginary numbers in the 1901 “Double Lecture” (P4, 411).
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qualities (Ideas, §40; Crisis, §91). From a phenomenological perspective, the
growing estrangement between our experience and the physical world as
described by the natural sciences is a serious problem. Many of our experi-
ences in the world are irrelevant to the natural and mathematical sciences.
This alienation undermines the possibility of attaining an ultimate justifica-
tion of the sciences, since such a justification would have to refer to
a conscious subject and the world as she experiences it. This is the crisis
Husserl discusses in The Crisis of European Sciences. One of the questions
asked in Crisis is why we accept that mathematics is applicable to the world
even in cases where there is tension between its application and our experi-
ence. Husserl’s answer is that in the modern period, the application of
mathematics to the physical world is based on a predetermined mathemat-
ization of the world that reflects changes mathematics has undergone. The
two main such changes, he asserts, are the arithmetization and formalization
of mathematics, which are interrelated. These changes detach mathematical
theories from any specific content. For example, arithmetical truths are not
necessarily about quantities, but rather, are about relations between “some-
things in general.” Hence, the applicability of mathematics is no longer
limited in scope, as it was in ancient times, but unbounded. Everything is
mathematizable. In Being and Time, Heidegger proposes a similar concep-
tion of a predetermined mathematization of the world (Heidegger 1962,
§69b). According to Heidegger, modern mathematical physics is based on
a projection of the world as mathematical.

Both Husserl and Heidegger maintained that because modern mathematical
physics is at odds with our experiences of the world, there should be a limit to
the application of mathematics. But whereas Heidegger was willing to relin-
quish mathematical physics, arguing that since it rests on more basic ways in
which the world is disclosed, mathematical physics is not, strictly speaking,
true (Heidegger 1962, 415), Husserl was not (Crisis, §9g). Although Husserl
did not develop an alternative to modern science’s universal application of
formalized mathematics, a suggestion as to such an approach can be extracted
from “Origin of Geometry.” Ancient geometry maintained a relation to the
life-world, the world as we experience it, because it was grounded in land
measurement practices. All geometries that developed subsequently, includ-
ing formal geometries, are rooted in ancient geometry, hence modern formal
geometries are not completely divorced from the experienced world. This is
only a partial solution, and it by no means fully bridges the gap between
experience and mathematical physics. For instance, it doesn’t bridge the gap
between our experience of secondary qualities and physics’ account of them.
It could even be argued that there is no commonality between geometry as the
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science of our experience of space, that is, what Husserl calls a “material
science”, and geometry as a formal science, and the two conceptions are
irreconcilable.”

The application of mathematics poses an additional challenge to the phenom-
enological approach to mathematics, a challenge raised by Weyl and Becker in
the late 1920s. Some of mathematics’ applications to physics involve mathem-
atical entities that appear to have virtually no possibility of being given in
intuition. For example, Hilbert spaces, with their infinite dimensions, are
applicable to the natural world, but apparently cannot be given in intuition.
This led Weyl and Becker to abandon Husserl’s phenomenology as the philo-
sophical foundation for mathematics.”> Whether this conclusion is justified is
questionable, since Husserl does not claim that all of mathematics must be given

in intuition.>®

4 Phenomenology and Philosophies of Mathematics

This section examines the relation between phenomenology and the major
approaches in philosophy of mathematics. We will begin with approaches that
were familiar to Husserl, then proceed to newer approaches that have affinities
with phenomenology.

4.1 Phenomenology and Logicism

A good starting point for exploring the relation between phenomenology and
logicism is Husserl’s critique, in Philosophy of Arithmetic, of the account of
arithmetic Frege sets out in Foundations of Arithmetic (Frege 1980b). The
critique most relevant to the logicist program concerns the possibility of defin-
ing the mathematical notions. Husserl claims that the basic notions of logic and
mathematics, such as the notion of “unit,” cannot be defined (P4, 124-5). Since
logicism is generally characterized as the stance that mathematical notions can
be defined in terms of logical notions, this critique indicates that at this early
point in the evolution of his thinking, Husserl is opposed to logicism.
Husserl’s critique of psychologism, and, at least to some extent, his self-
distancing from the account of arithmetic he had presented in Philosophy of

>* Invoking Jacob Klein’s stance on the incommensurability of ancient mathematics and modern
formal mathematics, Hopkins argues that Husserl’s suggestions vis-a-vis bridging the gap
between the two conceptions fail. For a detailed examination and comparison of Husserl’s and
Klein’s respective stances on symbolic mathematics, see Hopkins (2011).

35 Webb (2017) explains the abandonment of phenomenology by Weyl and Becker along these
lines.

%6 I therefore accept the argument, presented in Mancosu and Ryckman (2002), that concepts such
as that of Hilbert spaces do not undermine the possibility of grounding mathematics in
phenomenology.
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Arithmetic in the wake of Frege’s claim that it was psychologistic, led to the
emergence of phenomenology in Logical Investigations. The extent to which
Frege’s critique played a role in shaping Husserl’s account of arithmetic in
Logical Investigations has been much discussed.”” Husserl also seems to have
retracted the critique of Frege’s position he had voiced in Philosophy of
Arithmetic (LI 1, §15, footnote). But do these changes signify an affinity
between phenomenology and logicism? To answer this question, consider
Husserl’s notion of intuition. For Husserl, an intuition is the fulfillment of an
intention, and thus intrinsically meaningful. Since it is not the case that such
intuitions are placeholders, so to speak, for that which is given but cannot be
articulated, Husserlian intuitions do not violate Frege’s mandate that we must
“prevent anything intuitive from penetrating . .. unnoticed” (Frege 1980a, 5).
Nevertheless, Husserl’s principle that cognition cannot be content with “mere
words” and that logical concepts “must have their origin in intuition” (LZ,
Introduction to vol. 2 of the German edition, §2) diverges markedly from the
logicist approach, which accepts an account of the mathematical notions that is
anchored solely in language.

Another shift away from the stance taken in Philosophy of Arithmetic that is
pertinent to the phenomenology—logicism relation is the emerging salience, in
Husserl’s thought during the 1890s, of the notion of mathesis universalis, which
links logic and (formal) mathematics. The mathesis universalis encompasses the
entire analytic sphere, that is, all the formal disciplines (including logic, ontology,
and much of mathematics) (Husserl 1975, 28-9). Husserl speaks of “the inner
unity of formal logic with pure theory of numbers” (Husserl 1975, 38; see also
FTL, §26¢).”® But how is this unity to be understood? It has two main aspects.
First, both mathematical theories, such as the theory of natural numbers, and
logical theories, such as the theory of conjunction, are formal theories. As such,
they are part of the mathesis universalis. Second, the unity between logic and
mathematics is related to the distinction between categories of objects and
categories of meaning. Some categories of objects are mathematical (e.g., the
natural numbers), others are not (e.g., the category of “unity”), whereas the
categories of meaning (e.g., the notion of “proposition”) are logical, in the trad-
itional sense of logic. The categories of objects are specified by an axiomatic
system governed by the categories of meaning. The categories of objects apply to

57 See Section 2. Two seminal discussions of this issue are Follesdal (1994), which argues that
Frege’s critique was a significant factor in the change, and Mohanty (1977), which argues that the
change in Husserl’s position occurred before Frege’s review of Philosophy of Arithmetic.

8 Husserl also claims that Bolzano, whose position on logic (and in particular, on the ideal status of
logical notions, e.g., “proposition,” influenced him (Husserl 1975, 37), did not see this inner
relation between logic and mathematics (Husserl 1975, 38; FTL, §26d). Frege, like Husserl, was
influenced by Bolzano’s views on logic.
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the categories of meaning. For instance, every proposition is a unity. It is due to
these various connections between the categories of objects and the categories of
meaning that Husserl takes formal mathematics and logic to be so closely linked.
Nevertheless, Husserl rejects the logicist reduction of mathematics to logic. He and
Frege do concur, however, that logic cannot be algebraized, and both he and Frege
are critical of Ernst Schréder’s algebraization of logic.

Husserl and Frege are also largely in agreement regarding the distinction
between arithmetic and geometry. They concur that arithmetical propositions
are analytic, but their notions of analyticity differ. Husserl takes analyticity to be
closely tied to formality, whereas according to Frege a proposition is analytic if
it can be proved from general logical laws and definitions (Frege 1980b, 4). And
both maintain that Euclidean geometry is synthetic a priori, though Husserl does
not rule out the possibility of a completely formal approach to geometry.>”

After the transcendental turn, Husserl’s approach to the foundations of
mathematics increasingly diverges from Frege’s. In particular, Husserl’s thesis
of the constitution of mathematical concepts by a subject distances his thought
from logicism. The gap between phenomenology and logicism is even more
pronounced in the phenomenologically oriented approaches of thinkers such as
Weyl and Becker.

4.2 Phenomenology and Formalism

Formalism seems to be an approach to the foundations of mathematics that is
relatively distant from phenomenology. The core tenet of formalism is that
mathematical notions have no intrinsic meaning; they are mere symbols, and do
not represent concepts or objects outside the theory in which they appear. This
position is captured by Hilbert’s maxim: “It must be possible to replace in all
geometric statements the words point, line, plane, by table, chair, mug” (Reid
1970, 57). Formalism can also be characterized as an approach on which
intuition plays no role in mathematics. If we take Husserl’s phenomenological
approach to require that, although at some level the mathematical notions
function as symbols, we must nonetheless have some sort of intuition of at
least some of the mathematical notions, then that approach is patently incom-
patible with strict formalism. Yet of all the approaches to the foundations of
mathematics Husserl was acquainted with, he took Hilbert’s formalism to have
the strongest affinity with his own orientation.®” He concurred with Hilbert’s
characterization of mathematics as formal, and also agreed that the process of

3 The separation of arithmetic and geometry can be viewed as characteristic of logicism; see Reck
(2013).
0 For example, in a note in /deas, §72.
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formalization is at the heart of mathematics’ historical development. In his
words, “the tendency to formalization is inherent in arithmetic” (P4, 417).

Is it possible to reconcile this apparent tension between Husserl’s phenom-
enology and his explicit support for Hilbert’s conception of mathematics as
a formal discipline? This question can be addressed in different ways. We can
look at the specific elements of formalism that Husserl accepts, and examine
whether they are compatible with phenomenology. Alternatively, we can con-
sider the question more generally, and investigate whether an approach such as
Husserl’s, which takes intuition to play a key role in attaining mathematical
knowledge, is compatible with formalism. In Section 4.2, we will have recourse
to both strategies for answering this question, keeping in mind that in the 1920s,
Hilbert maintained that establishing the foundations of mathematics requires
some form of intuition (Hilbert 1964, 142).

In the early 1900s, Husserl’s approach is to a large extent aligned with
Hilbert’s. Husserl endorses Hilbert’s stance in the Frege—Hilbert controversy,
and takes his own notion of a formal system’s definitude to be similar to
Hilbert’s notion of the completeness of an axiomatic system (P4, 436; Ideas,
§72). There are, however, aspects of Hilbert’s position that do not seem to be in
line with Husser!’s position during this period. For example, Husserl appears to
accept the idea that the basic logical notions have content, and does not consider
mathematics to be solely a matter of the manipulation of symbols.

To establish the exact relation between Husserl’s phenomenology and
Hilbert’s formalism, two questions must be addressed. First, are there affinities
between intuition, as Husserl understands it, and Hilbert’s early formalism?
Second, is Husserl’s notion of the definitude of formal systems inextricably
linked to his phenomenology?

Regarding the first question, it is useful to examine Husserl’s comments on
the Frege—Hilbert correspondence about the nature of mathematical theories,
which focused on geometry (PA, 468-73). Frege’s main claim is that the
meanings of mathematical concepts are prior to the axioms in which these
concepts are invoked, a priority that is manifested, for example, in the fact
that theories must start by defining the concepts they invoke. Hilbert, on the
other hand, argues that the concepts of point, line, and plane do not have fixed
meanings. Their meanings are determined by the entirety of the axiomatic
system that invokes them, and they can have different meanings depending on
the domains to which they are applied. It might be argued that Husserl’s
approach has affinities with aspects of both the Fregean and the Hilbertian
views. Like Frege, Husserl contends that we cannot be satisfied with a merely
symbolic understanding of the logical and mathematical notions, and insists that
one of phenomenology’s aims is to achieve clarity about their meanings. And
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like Hilbert, Husserl argues that it is the axiomatic system as a whole that
determines the characterization of a notion it invokes (e.g., the notion “+7).
Ultimately, however, I would argue that Husserl is closer to Hilbert than to
Frege, because he does not take the meaning of a mathematical notion to be
prior to the formal system that invokes it. On the contrary, Husserl regards the
formal system as the basis for determining a notion’s meaning. Indeed, the
givenness in intuition of the mathematical concepts presupposes the formal
systems that invoke those concepts.®'

In seeking to ascertain whether the role of the definitude of formal systems in
Husserl’s phenomenology attests to a strong bond between phenomenology and
Hilbert’s conception of mathematics, the salient question is whether Husserl’s
characterization of formal systems as definite is integral to the phenomeno-
logical account of mathematics. In Section 3.1, I argued that there is indeed
reason to see the notion of definitude, and specifically, the categoricity of the
mathematical notions, as vital for a phenomenological account of mathematics.
Husserl takes definitude to be the ideal, the standard that mathematical theories
aspire to (F7L, §31). Ongoing movement in the direction of formalization is, he
maintains, an essential feature of mathematics. Hilbert’s conception of math-
ematics is a realization of this process of increasing formalization. But Gédel’s
incompleteness theorems having shown that definitude cannot be achieved (in
theories that include elementary arithmetic), what is the status of the ideal of
definitude? One answer, proposed by Bachelard, among others, is that defini-
tude can continue to be an ideal for mathematics (Bachelard 1968, 53).
Although it cannot be actualized, it directs the development of mathematics.
Definitude is therefore an ideal in the Kantian sense. Adopting this approach,
Husserl’s position can be interpreted as taking Hilbertian formalism to be the
paradigm for mathematics.

What about the role of intuition in phenomenology? Can it be reconciled with
a formalistic interpretation of mathematics, or is it merely a vestige of early
mathematics that will be cast off as the formalization of mathematics advances?
In Hilbert’s thinking around the turn of the twentieth century, the formal
axiomatic systems that govern the characterization of mathematical notions
do so exhaustively, leaving no role for intuition. But Hilbert’s program for the
foundations of mathematics from 1917 onward takes a different stance, affirm-
ing that mathematics requires some form of intuition. In “On the Infinite” from
1925, for instance, Hilbert states that mathematics cannot be grounded solely in
logic, but requires “extralogical concrete objects which are intuited as directly

©1 I therefore disagree with Pradelle’s argument that Husserl’s notion of intuition renders Husserl’s
position closer to Frege’s than to Hilbert’s; see Pradelle (2020, 156).
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experienced prior to all thinking” (Hilbert 1964, 142). What we intuit are the
structures of the concrete symbols of mathematics, not some alleged underlying
meanings attached to them. Mahnke, who studied under both Husserl and
Hilbert, claims that this stance is phenomenological in spirit. Mahnke concurs
with Hilbert that the mathematical symbols are intuited, but proceeds to assert:

However, Hilbert is mistaken when he concludes therefrom that these “signs
themselves [are] the objects of number theory,” and do not “mean” anything
else. On the contrary, the actual sign | + | has a meaning, just as does the
abbreviation 2 according to Hilbert himself: the former sign is the sensible
representation of a purely logical relation, the aggregate connection. The true
objects of arithmetic are simply these logical relations; the real value of the
numerals, on the other hand, consists in the fact that they are the most suitable
sensory bases of the categorial intuitions of numbers, and with this, of all that
is genuinely arithmetically “evident” [Evidenzen]. (Mahnke 1966, 8§1-2;
italics in the original)

According to Mahnke, Husserl and (post-1917) Hilbert concur that intuition is
necessary, but disagree about what it is that is intuited. Mahnke disputes Hilbert’s
claim that it is only the mathematical symbols that are intuited, arguing, in line
with Husserl’s view, that the meanings of mathematical notions (e.g., the meaning
of “+”) are also intuited. But as we saw in Section 3, Husserl’s understanding of
intuition in mathematics can be interpreted in various ways. One such interpret-
ation takes mathematical intuition to be analogous to sensory perception. This
interpretation can help bridge the gap between Hilbert’s and Husserl’s respective
notions of intuition, since the sensory intuition posited by Husserl can be con-

strued as intuition of the structures of mathematical symbols.®

4.3 Phenomenology and Platonism in Mathematics

Platonism in mathematics is the position that mathematical concepts exist
independently as abstract objects.’® Several arguments can be made for adopt-
ing a Platonistic interpretation of Husserl’s position on mathematical concepts
(in particular, the position taken in Logical Investigations). First, assuming, as
Husserl does, that mathematical notions are given in intuition, the interpretation
that takes mathematical intuition to be analogous to perception arguably implies
that the intuited notions exist independently just as perceived objects exist
independently. Second, Husserl criticizes empiricistic and nominalistic
approaches to general concepts, including mathematical concepts, and argues
for the objectivity of these concepts. Not only is it not the case that mathematical

%2 Parsons’s notion of mathematical intuition (e.g., in Parsons 1980) seems to be a framework that
can comfortably accommodate both the Hilbertian and the Husserlian notions of intuition.
63 See, for example, the definition proposed in Linnebo (2018).
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concepts arise from a process of abstraction on the basis of similarity, as the
empiricists and nominalists claim, but it is the other way around: recognizing
similarity requires an objective common feature (L 11, §§3—4). As a ground for
this objectivity, independent existence is often ascribed to the concepts in
question. Third, phenomenology seeks to remain true to the way things are
experienced. Mathematicians often hold Platonistic views about mathematical
concepts, and if the goal of phenomenology is to study these views, and not to
impose external constraints on how mathematicians conceive their subject
matter, then phenomenology should understand mathematics Platonistically.

Some of Husserl’s own assertions appear to support a Platonistic interpret-
ation of his position: “Numbers — in the ideal sense that arithmetic presupposes —
neither spring forth nor vanish with the act of enumeration, and . . . the endless
number-series thus represents an objectively fixed set of general objects,
sharply delimited by an ideal law, which no one can either add to or take
away from” (LI 1, §35). The “concepts, propositions and truths” of logic are
“an ideally closed set of general objects, to which being thought or being
expressed are alike contingent” (§35).

On the other hand, Husserl repeatedly claims that it is not the case that essences
exist independently as do natural objects. He objects to the hypostatization of
essences (see, e.g., Husserl 1975, 25), and distinguishes between the mode of
being of individual natural objects, such as individual people, and the mode of
being of individual numbers (e.g., 2) (LI 1, §31), although he does seem to accept
that both these sorts of things (i.e., natural objects and numbers) exist in some way
(LI 11, §§1-2). The question of the independent existence of objects in general,
and mathematical objects in particular, gets complicated if we deem evidence to
be the sole acceptable ground for asserting this independent existence. From the
perspective of evidence, there is no justification for the claim that any entities
exist independently. This is why, from a phenomenological point of view, there is
no justification for the Kantian distinction between phenomena and things in
themselves. The argument from evidence appears to undermine the idea that
mathematical objects exist independently.

However, Husserl does say: “There are therefore countless meanings which . . .
are merely possible ones, since they are never expressed, and since they can,
owing to the limits of man’s cognitive powers, never be expressed” (LI I, §35).
That is, these meanings are independent of human cognition. As we just saw, on
some readings of Husserl’s thought, it could be argued that Husserl would accept
that mathematical notions satisfy Linnebo’s three criteria for Platonism in math-
ematics: existence, abstractness, and independence (Linnebo 2018). Should this
Platonistic position indeed be ascribed to Husserl after the transcendental turn? In
other words, is constitution compatible with Platonism? I would argue that
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although transcendental phenomenology can be interpreted as maintaining that
abstract objects exist, and in that sense can be construed as realist vis-a-vis
mathematical entities, it is not Platonistic in the sense of claiming that mathemat-
ical objects exist independently of their apprehension.®

4.3.71 Godel and Phenomenology

Along with the Platonistic conception of mathematics Godel adopted in the wake
of his incompleteness results, his views on phenomenology are often adduced in
support of the Platonistic interpretation of Husserl’s position. Beginning around
1959, Godel viewed Husserl’s phenomenology as a potentially apt philosophical

% From the Godelian perspec-

framework for post-incompleteness mathematics.
tive, the advantage of the phenomenological framework is that it enables the
meanings of mathematical notions to be clarified without recourse to definitions
and axioms (Godel 1961, 383). This enables mathematicians to work with notions
that have an objective meaning, yet this meaning is not exhausted by any specific
axiomatic system. So understood, the phenomenological approach to meaning
seems to support optimism that all problems in mathematics can be solved, or as
he puts it, that “every clearly posed yes-or-no question is solvable” (385).
Godel’s optimism is grounded in mathematicians’ achievements thus far, and
their ability to discover new characterizations of the mathematical notions. In
terms of Husserl’s exposition of phenomenology, this optimism reflects the
noema-—noesis correlation: all noemata, all meanings, are arrived at by acts of
cognition on the part of mathematicians. Noemata are inherently accessible to
cognition; there are no limits on mathematical cognition. Moreover, as we saw in
Section 3.3.2, Husserl endorsed the idea of looking at mathematical knowledge
intersubjectively, that is, in terms of the community of mathematicians, as
opposed to individual mathematicians; such a model is suggested, for example,
in Cartesian Meditations. The phenomenology—monadology nexus was also
developed in Mahnke (1917). Godel similarly took Leibnizian monads to provide
a model for the intersubjective approach.®®

From the Husserlian perspective, how justified is Godel’s appropriation of
Husserl? Godel’s reading of Husserl downplays the affinities between Husserl’s

6 Rosado Haddock (2010) argues that Husserl’s position was Platonistic in Logical Investigations
and remained so after the transcendental turn; Tieszen (2010) argues that after the transcendental
turn, Husserl’s position was “constituted realism.” I consider Tieszen’s account more accurate.
Godel only writes about Husserl’s phenomenology in one place (Godel 1961), but from his
conversations with Hao Wang, and Wang’s notes of the conversations, we know that he took
a deep interest in it. On Godel’s study of Husserl’s thought, see van Atten and Kennedy (2003),
Hauser (2006), Tieszen (2011).

See Tieszen (2012) on Godel’s receptiveness to Husserl’s monadological model of mathematical
cognition.
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phenomenology and Hilbert’s formalism. Specifically, the links between phe-
nomenology and the notion of a definite manifold must be disregarded. Godel
was familiar with this notion, but presumably did not take it to play a significant
role in the phenomenological approach to mathematics. In addition, the
Godelian reading stresses Husserl’s affirmation of the role of intuition in
mathematical knowledge. As we saw in Section 4.2, in light of Husserl’s
affirmation of intuition, a strictly formalistic account of mathematics is, from
the Husserlian perspective, inadequate.

In assessing Gddel’s interpretation of Husserl, another important question to
consider is whether this reading is in line with Gédel’s own Platonistic outlook,
or marks a change in that outlook. Two different answers have been given. One
emphasizes Husserl’s notion of categorial intuition, and takes it to parallel
Godel’s claim that mathematical concepts such as “set” are perceptible just as
empirical objects are perceptible (Hauser 2006). Those who give this answer
see Husserl’s phenomenology as a variant of the Platonistic approach to the
foundations of mathematics. The other answer emphasizes the differences
between the Platonism of Gdodel’s earlier thinking and the phenomenological
approach he adopted later. This evolution is attested to by the fact that Godel
was drawn, not to the approach Husserl took in Logical Investigations, which,
as we saw in Section 4.3, can be interpreted Platonistically, but to Husserl’s
transcendental phenomenology. Tieszen argues that both phases in Godel’s
thought are Platonistic, but there was a shift in the sort of Platonism Godel
espoused. He terms Godel’s later position “constituted Platonism,” distinguish-
ing it from “simple Platonism” (Tieszen 2010, 2011). Whereas simple
Platonism upholds the independent existence of mathematical entities, consti-
tuted Platonism emphasizes mathematicians’ ability to arrive at answers to all
mathematical questions. Transcendental phenomenology, which “brackets out”
assumptions about entities’ existence, is an apt framework for constituted
Platonism. The change in Godel’s position, on Tieszen’s interpretation, is
a move from Platonism to realism regarding mathematical notions.

I would like to suggest another sense in which Gddel’s interpretation of
phenomenology can be viewed as faithful to Husserl. The role Godel assigns
to phenomenology in grounding mathematics meshes well with the approach to
the meaning of mathematical concepts Husserl takes during his Crisis of
European Sciences period, especially in “Origin of Geometry.” Husserl con-
tends that the constitution of meanings, including the meanings of mathematical
concepts, has an essential historical dimension. There is no point at which the
meaning of these concepts has been exhaustively established. Were exhaustive
exposition of meanings possible, that would open up the possibility of develop-
ing axiomatic systems that fully capture the concepts in question, a possibility
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Godel rejects due to his incompleteness results. Yet historical constitution is not
contingent: it is constrained by the concepts’ original givenness. This is the
Platonistic (or more precisely, realistic) dimension of Husserl’s outlook in
“Origin of Geometry,” and Gddel’s view is quite compatible with it.

4.4 Phenomenology and Brouwer's Intuitionism

During the late 1910s and the 1920s, intuitionism was considered, within the
phenomenological movement, the most promising approach to the foundations
of mathematics. Both Weyl and Becker maintained that there was a close

7 During this period,

connection between intuitionism and phenomenology.
the issue was not so much Husserl’s own position, but whether phenomenology
in general should side with Brouwer in the debate with Hilbert over the
foundations of mathematics. Heidegger’s early thought, especially Being and
Time, which had some affinities with intuitionism, provided additional impetus
for exploring the phenomenology—intuitionism nexus.®® Over the past twenty
years, largely due to the work of van Atten (2007, 2010), there has been renewed
interest in possible affinities between phenomenology and intuitionism. Van
Atten argues that there are indeed strong links between Husserl’s views on the
foundations of mathematics, especially his genetic phenomenology, and intu-
itionism. Phenomenology, he asserts, provides good philosophical justification
for intuitionism (van Atten 2007, 75).

The importance that the phenomenological account of mathematics ascribes
to what mathematicians experience is the primary basis for the claim that
phenomenology and intuitionism have a strong affinity. But this claim can be
countered by invoking other considerations, discussed above vis-a-vis argu-
ments for and against phenomenology’s affinities with formalism and
Platonism. To assess the matter, we will examine suggested links between
phenomenology and key features of intuitionism.

4.4.7 Phenomenology and the Primordial Intuition of “Two-Oneness”

The salience of intuition in Husserl’s phenomenology already suggests an
affinity with Brouwer’s position, but do the respective concepts of intuition
share more than a name? According to Brouwer, the basic intuition underlying
mathematics is the experience of time: “the falling apart of moments of life into
qualitatively different moments, to be reunited only while remaining separated”
(Brouwer 1975, 127). Brouwer calls this intuition “two-oneness.” This

7 See Weyl (1928).
8 On affinities between Being and Time and Brouwer’s intuitionism, see Roubach (2008, chap-
ter 2). Being and Time’s relation to the philosophy of mathematics is discussed below.
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characterization of mathematics’ core intuition seems patently different from
Husserl’s notion of intuition as fulfillment of intention, which is not limited to
one specific experience. But Husserl’s understanding of the experience of time
in terms of the present’s retention of the near past is actually quite similar to
Brouwer’s understanding of the experience of time. And this similarity runs
deeper: both Husserl and Brouwer link the experience of time and the series of
natural numbers. According to Husserl, the experience of time is the basis for
the objective concept of time, which takes time to be closely connected to the
numbering of moments.

But for the purpose of evaluating whether there is an affinity between Husserl’s
and Brouwer’s respective concepts of intuition, the key question is whether
Husserl, like Brouwer, bases all intuitions, especially those related to mathemat-
ics, on the experience of time. With regard to the early stages of his phenomeno-
logical thought, the answer is definitely no. Categorial intuition, for instance, is
constrained neither by time in general nor by any specific experience of time. But
the genetic phenomenology Husserl developed later puts forward a conception of
the constitution of objects that characterizes all objects, including mathematical
objects, in terms of time. Mathematical objects are omni-temporal (£J, §64 c), not
a-temporal. This linkage between mathematical objects and temporality is indeed
a feature of both Husserl’s and Brouwer’s approaches, but there is an important
difference between their respective positions on the relation between time and
mathematics. Brouwer’s conception of mathematical objects as temporal is
essentially developmental in nature, whereas Husserl’s is not. The omni-
temporal conception of mathematical entities construes them as linked to the
structure of time, but not as developing over time. Becker’s 1927 book on
mathematical existence (published in the same volume of the Yearbook for
Phenomenology and Phenomenological Research as Being and Time) argues
that Brouwer’s approach to mathematics has a stronger affinity with
Heidegger’s approach in Being and Time than with Husserl’s approach.
Heidegger argues that all entities ordinarily taken to be nontemporal, including
numbers, are in a sense temporal (Heidegger 1962, 39-40).

4.4.2 Choice Sequences and Phenomenology

In intuitionism, the notion of “choice sequences” is at the heart of the relation
between mathematics and time. In the context of intuitionistic set theory,
Brouwer develops the notion of choice sequences to provide a mathematical
account of the continuum. A choice sequence is a sequence generated by
choosing numbers or numerals. For example, we can create the decimal number
0.35211 ... by asequence of choices (0, 3, 5,2, 1, 1 ...). Ateach step, a numeral
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is chosen. The choice can be based on a rule (e.g., “choose 2 at each step™), but
need not be. Choice sequences are thus characterized by temporal development.
Brouwer uses choice sequences to define points on the continuum. These points
are sequences of nested intervals whose borders are chosen by a cognizing
subject. From the perspective of classical mathematics, it is difficult to accept
choice sequences as mathematical objects, for two reasons: they are incomplete
objects that develop in time, and their development depends on a subject.

These features of choice sequences can also be seen as problematic from the
phenomenological perspective. There is, for instance, evident tension between
the first feature — that they develop over time — and both Husserl’s early
characterization of mathematical objects as a-temporal and his later character-
ization of them as omni-temporal. And the fact that choice sequences are
dependent on a choosing subject can be interpreted as dangerously similar to
psychologistic approaches on which mathematical or logical concepts depend
on an empirical subject.

Can phenomenology nonetheless serve as a philosophical framework within
which choice sequences are acceptable? The phenomenological tradition has
suggested various answers to this question.®” Weyl, who sought to demonstrate
the compatibility of phenomenology and intuitionism, maintained that choice
sequences are not mathematical objects (Weyl 1998, 94). Becker accepted
choice sequences as mathematical objects, but argued that the right philosoph-
ical framework for them was Heidegger’s “historical time,” not Husserl’s
account of our consciousness of time. Heidegger distinguishes between natural
time and historical time.”” Natural time is based on the possibility of iteration; it
is time as measured. Historical time, on the other hand, is best grasped by
looking at the phenomenon of the passage from one generation — not in the
biological, but in the cultural sense, as in “the generation of 1914” or “Gen Z” —
to another. According to Becker, the emergence of a new generation is not
determined by the previous generations. That is, in historical time, transitions
from one period to another are not rule-governed. Applying this distinction to
the mathematical realm, a rule-governed sequence such as the natural numbers
exemplifies natural time, whereas a non-rule-governed choice sequence exem-
plifies historical time (Becker 1927, 229). From the perspective of this Element,
the relevant question is whether the distinction between natural time and
historical time is in harmony with Husserl’s phenomenological outlook. I see
no reason to think it isn’t. Husserl interpreted the experience of time in terms of

 Van Atten (2007, chapter 5) argues that choice sequences are compatible with Husserl’s
phenomenology.
70 On Heidegger’s conception of historical time, see Heidegger (1962, part 2, chapter 5).
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objective time — Heidegger’s natural time — but it can be interpreted in terms of
historical time as well.

We will return to the question of the relation between Being and Time and
mathematics in Section 4.5.1.

4.4.3 Law of Excluded Middle

One of the main tenets of intuitionism is rejection of the unqualified endorse-
ment of the law of excluded middle, the law asserting that any meaningful
proposition must be either true or false. In mathematics, this law is assumed, for
example, in proofs by contradiction (reductio ad absurdum). Husserl seems to
accept the law of excluded middle, and it therefore seems that his position is
irreconcilable with intuitionism. But this conclusion is not as straightforward as
it initially seems. First, there are places where he appears to raise doubts about
the excluded middle (FTL, §§77, 79).”" Second, it could be argued that the law
of'excluded middle is a dogmatic residue that should not necessarily be retained,
and there is reason to doubt its applicability, since we do not have adequate
evidence for it. More specifically, Husserl equates truth with evidence, hence it
could be argued that his notion of truth is manifestly similar to the notion of
verification.”® If the Husserlian notion of truth is understood as verification,
then there is no justification for assuming that every proposition is either true or
false regardless of our access to it.

In Being and Time, Heidegger puts forward an understanding of truth that
parallels the notion of truth as verification. Heidegger argues that correspond-
ence theories of truth, including the Husserlian variant, presuppose both truth as
an entity’s uncovered-ness, and, someone who uncovers that entity — Dasein
(Heidegger 1962, 260—1). According to Heidegger, the law of excluded middle
is not valid regardless of Dasein’s acts of uncovering: “Before Newton his laws
were neither true nor false” (269). Heidegger maintains that the Husserlian
concept of truth entails rejection of the absolute validity of the law of excluded
middle. With respect to the foundations of mathematics, this position leads to
the conclusion that Husserl should come down on the side of Brouwer.

! Husserl’s position on the law of excluded middle has been extensively discussed since the 1980s.
Tragesser (1984, 2) claims that Husserl seeks to purge logic of the assumption of the law of
excluded middle. Mohanty rejects this claim (see, e.g., Mohanty 1991, 102), arguing that
Husserl, being committed to decidability in mathematics, accepts the law of excluded middle.
Lohmar (2004) argues for a position between those of Tragesser and Mohany, noting that in
Formal and Transcendental Logic, Husserl says that although the law of excluded middle is not
a purely logical principle, he does not reject it, because mathematicians often rely on it in
practice.

72 See, for example, Parsons (2012, 205).
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Yet this conclusion may be too hasty. First, it could be argued that the
meaning of truth encompasses the law of excluded middle. Second, it could
be argued that much as it can be claimed that, from a phenomenological
perspective, there is no justification for accepting the unlimited applicability
of the law of excluded middle, so too it can be claimed that there is no
phenomenological justification for rejecting it. The second argument, which is
weaker than the first, may suffice, that is, the intuitionistic approach may require
no more than agnosticism regarding the law of excluded middle.

4.4.4 Is Phenomenology a Revisionist Position?

The discussion about the excluded middle raises the question of whether
phenomenology is a revisionist position. Revisionism vis-a-vis mathematics
is the position that some of mathematics’ accepted norms, such as the unre-
stricted use of reductio ad absurdum proofs, should be modified. Is Husserl
arevisionist regarding mathematics? With respect to Logical Investigations, the
question can be answered in the negative, since Husserl supports a division of
labor between philosophy and mathematics, meaning that philosophy does not
interfere with the way mathematics is practiced by mathematicians (LI,
Prolegomena, §71). But vis-a-vis his later thought, the answer is less clear. As
noted, Husserl had reservations about the status of the law of excluded middle;
he also hoped that phenomenology could help elude paradoxes in mathematics
(Britannica, 32). These two positions can be taken to lend support to
a revisionist interpretation of Husserl’s position.

Van Atten distinguishes between weak revisionism, which critiques specific
parts of mathematics, and strong revisionism, which accepts theorems that are
not accepted by classical mathematics (van Atten 2007, 53).”° According to van
Atten, Husserl’s phenomenology can be considered both weak and strong
revisionism (54). He argues that the weak revisionism is exemplified by
Husserl’s claim that phenomenology could help elude the paradoxes of set
theory, and the strong revisionism is exemplified by Husserl’s claim that the
phenomenological conception of mathematical objects as constituted is not
constrained by mathematical practice (59). More generally, van Atten takes
Husserl’s revisionism to reflect the subordination of ontology to phenomen-
ology (57). He therefore rejects the interpretation of Husserl’s position that sees
it as basing ontology on the mathesis universalis, understood as independent of
phenomenology. In my opinion, with regard to the approach Husserl takes in
Formal and Transcendental Logic, the claim that ontology is subordinate to
phenomenology is debatable, since it can be argued that formal ontology is prior

73 Van Atten claims that in the weak sense, even Logical Investigations is revisionist.
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to the phenomenological constitution of the meaning of the notion of being,
but it is indeed correct vis-a-vis Husserl’s genetic phenomenology (e.g.,
Experience and Judgment), where the priority of formal ontology is not
assumed.

Van Atten’s revisionist interpretation is contested by many Husserl scholars.
Some of these critiques rest on the affinities between Husserl’s views on the
foundations of mathematics and formalism (Hill 2010); others, on the affinities
between Husserl’s views and Platonism (Rosado Haddock 2010). There is also
textual evidence that Husserl’s position is not revisionist. For example, Husserl
asserts that all the sciences, including logic and mathematics, are “self-
sufficient” (FTL, §67). At the same time, it must be conceded that Husserl
also maintains that critical examination of the sciences, including logic and
mathematics, is necessary, and the sciences should not be accepted as they are
without scrutiny of their foundations (§71). One option for reconciling this
apparent tension in Husserl’s position, suggested by Hartimo (2021), is to
interpret the requirement that mathematics be critically scrutinized as intended
to evaluate whether or not mathematics as practiced can achieve its presumed
goals, and not as intended to bring about revisions in mathematical theory and
practice.”

4.5 Mathematics, Phenomenology, and Ontology

The conflicting ways in which phenomenology is related to the various
approaches to the foundations of mathematics reflect differing responses to
the more general question of the relation between phenomenology and ontol-
ogy. Is phenomenology based on the assumption that entities given in intuition
exist independently, or does it consider this assumption unjustified, since we do
not have, and as a matter of principle cannot have, evidence for such existence?
In other words, is phenomenology closer to the realist or idealist position
regarding the existence of objects, or is it ontologically neutral? Of course,
this raises the question of what we mean by “existence,” of what we mean when
we speak of the being of entities. This question is phenomenological, since
entities are given as entities and therefore the meaning of “being an entity” is in
some way given to us. One answer is that what characterizes entities as entities
is that they are given to consciousness. This answer highlights the affinity
between phenomenology and the Berkeleyan claim that to be is to be perceived.

" In addition to the positions discussed in this section (4.4), which focuses on phenomenology’s
affinities with intuitionism, another approach to the phenomenology—intuitionism nexus has
been put forward by Carl Posy. Posy invokes Husserlian phenomenological notions (e.g., the
notion of ‘horizon’) to interpret intuitionism, although he emphasizes that there are important
differences between the two philosophical orientations (Posy 2020, 76-83).
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But Husserl puts forward a different answer: the most basic characterization of
entities is provided by formal ontology, which is part of the mathesis universalis
and hence related to formal mathematics. This answer raises an additional
question that refines the general question, just posed, of the relation between
phenomenology and ontology: what is the relation between phenomenology
and formal ontology? In the literature, two opposed answers have been sug-
gested. One takes formal ontology to be subordinate to phenomenology, the
other takes formal ontology to be an independent discipline that, though indeed
connected to phenomenology, is not subordinate to it.”

This debate is closely linked to the various interpretations of Husserl’s
position on mathematics. It is on the basis of his contention that Husserl takes
ontology to be subordinate to phenomenology that van Atten interprets
Husserl’s overall approach to mathematics as in harmony with Brouwer’s.
Since formal ontology, which specifies the formal characteristics of objects, is
part of the mathesis universalis, van Atten concludes that formal mathematics,
too, is subordinate to phenomenology, and takes this to entail a revisionist
conception of mathematics. According to van Atten, Husserl’s position in
Formal and Transcendental Logic is that formal ontology is subordinate to
the logic of truth, and not only to the logic of noncontradiction (van Atten 2010,
47). If, on the other hand, formal ontology is not seen as subject to phenomeno-
logical constraints, but as constrained by mathematics (e.g., by a theory of all
possible manifolds) and the logic of noncontradiction, Husserl’s overall
approach to mathematics can be interpreted as in harmony with Hilbert’s
formalism.

The next two sub-sections explore various conceptions of the relation
between phenomenology and ontology, and their relevance to the relation
between phenomenology and mathematics.

4.5.1 Being and Time and the Foundations of Mathematics

Discussion of the relation between phenomenology and ontology, and of affin-
ities between phenomenology and intuitionism, raises the question of the rela-
tion between Heidegger’s Being and Time and Husserl’s philosophy of
mathematics. Although Being and Time is dedicated to Husserl — indeed, in
Being and Time, Heidegger asserts that “phenomenology is the science of the
Being of entities — ontology” (Heidegger 1962, 61) — its exact relation to
Husserl’s phenomenology has not ceased to be controversial. Is it

7> D. W. Smith argues for formal ontology’s independence of phenomenology (see, e.g., Smith
2003). Drummond critiques Smith’s stance, arguing that Husserl takes ontology to be subordin-
ate to phenomenology (Drummond 2009). Smith (2013, chapter 9) responds to this critique.
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a phenomenological alternative to Husserl’s approach, or does it eventually lead
to the rejection of phenomenology? Husserl considered Heidegger his most
gifted student, and the one best suited to succeed him at the University of
Freiburg, but later came to think that Being and Time did not remain on the
path of phenomenology as a rigorous science, but represented a philosophical
inquiry that, like psychologism, was based on contingent features of human
existence (an approach Husserl called “philosophical anthropology™). In this
Element, my assumption is that Being and Time does not break with phenom-
enology, but offers a new foundation for it.

Their respective attitudes to mathematics attest to an important difference of
opinion between Husserl and Heidegger. For Husserl, mathematics is
a paradigm case of knowledge, and closely linked to formal ontology. In
Being and Time, by contrast, mathematics does not play a privileged role in
ontology, which inquires into the meaning of Being. Nevertheless, there are
various ways of relating Being and Time to phenomenological approaches to the
philosophy of mathematics.”® T focus on two such connections: the relation
between Being and Time and intuitionism, discussed here, and the relevance of
Being and Time to the phenomenology of mathematical practice, discussed in
Section 4.7.

There are two principal links between Being and Time and intuitionism. First,
like Brouwer, Heidegger rejects the unqualified validity of the law of excluded
middle. Heidegger’s position is based on an examination of Husserl’s notion of
truth as the fulfillment of intention. He argues that this notion entails that there is
no justification for separating truth from its givenness to consciousness.
Heidegger famously gives the example of Newton’s laws, which, before being
discovered by Newton, were neither true nor false (Heidegger 1962, 269).

Another link between Being and Time and intuitionism concerns the notion of
time. According to Heidegger, “time is the transcendental horizon for the
question of Being” (Heidegger 1962, 63). This conception of time, in asserting
an intimate connection between time and entities — presumably including
mathematical entities — calls to mind Brouwer’s conception of time. But the
two notions of time differ. Heideggerian time is not simply the “falling apart of
moments of life” (Brouwer 1975, 127) and their re-unification. More funda-
mental for Heidegger is finite time, which is oriented toward the inevitable
death awaiting us in the future. According to Heidegger, as the ultimate horizon
for all our possible activities, death is the basis for all possible meanings of the
notion of time. It will be recalled that Becker drew a connection between
a central meaning of time discussed in Being and Time — historical time — and

76 See Roubach (2008).
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choice sequences. In my opinion, Heidegger’s notion of finite time can, like his
notion of historical time, contribute to philosophical elucidation of the finite
perspective underlying intuitionism. This perspective brings to the fore the idea
that choice sequences are objects that are never completely determined. As I see
it, intuitionism’s finite perspective requires a notion of finite time, such as
Heidegger’s notion of finite time oriented toward our impending death.”’
Dasein, as a living being, can exist only as incomplete, just as choice sequences
are inherently incomplete.

Is Heidegger’s claim about the temporality of all entities, including mathem-
atical entities, equivalent to Husserl’s claim that mathematical objects are not
a-temporal, but omni-temporal? It is not, since whereas both Brouwer and
Heidegger take temporality to entail incompleteness, Husserl does not.
Because Husserl takes the structure of time (e.g., every temporal experience
includes retention of the near past and protention toward the future) to be the
basis for the relation between mathematics and time, and a full characterization
of this structure can be supplied, Husserl’s conception of temporality does not
entail incompleteness.

4.5.2 Mathematics and the Externalist Interpretation of Phenomenology

Two questions arise regarding the relation between phenomenology and ontol-
ogy. First, how is phenomenology related to the basic characterizations of
entities? Section 4.5 opened with a discussion of that question. Second, what,
precisely, is the relation between things and their givenness to consciousness?
Can things be separated from their givenness? Husserl speaks of the correlation
between things and their givenness to consciousness, meaning that we appre-
hend things as they are, as the basic tenet of his philosophy (Crisis, §48). But
this correlation can be understood in different ways. It can be understood as an
idealist position that denies that things exist independently of their relation to
consciousness, and it can be understood as a realist position according to which
consciousness captures things as they are in themselves. The discussion about
Platonistic and intuitionistic interpretations of Husserl’s stance on the existence
of mathematical concepts reflects these opposed understandings of the relation
between things and their givenness to consciousness. Platonistic interpretations
of Husserl’s stance on mathematical concepts are anchored in a realistic inter-
pretation of the thing—givenness relation, whereas intuitionistic interpretations are
anchored in an idealist interpretation of that relation.

77 See Posy (2020, 90-6) for a characterization of this intuitionistic finite perspective, and Roubach
(2008, 64-9) on the connections between intuitionism and Heidegger’s notion of finite time.
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The debate over the correct interpretation of phenomenology can be traced
back to the initial phase of the reception of Husserl’s phenomenology. Since the
1970s, the debate about whether Husserl’s position on the objects of intentions
is idealistic or realistic has produced opposed interpretations known as the
“west coast” and “east coast” approaches. The chief focus of the dispute
between these approaches is the relation between an intention’s meaning (the
noema), and the thing toward which the intention is directed. The west coast
approach contends that the noema is distinct from the thing toward which the
intention is directed. In support of this position, Husserl’s statement that
a perceived tree can burn, but the sense of the perception of the tree cannot
(Ideas, §89) can be adduced. The east coast approach contends that there is no
such separation between the noema and that toward which the intention is
directed.” In addition to its salience vis-a-vis the question of whether Husserl’s
position on the objects of intentions should be interpreted as idealistic or
realistic, the west coast—ecast coast debate has consequences for how Husserl’s
“bracketing” (epoché) should be understood. Does it also have consequences
for the phenomenological understanding of the ontological status of mathemat-
ical notions? Are the mathematical notions some sort of external objects?
Noemata? Or are they among the formal conditions for thought?

Two interpretations of Husserl’s position on the ontological status of the
mathematical notions are, I suggest, pertinent to the west coast—east coast
debate over the relation between noemata and objects. One such interpretation,
the “application of mathematics first” approach mentioned in Section 3.4, takes
the application of mathematics to be the starting point for phenomenology of
mathematics. It takes the mathematical notions to be extracted from the world,
which they are an integral aspect of. As such, it can be deemed an Aristotelian
conception of mathematics.”” The interpretation of Husserl’s conception of
natural numbers on the basis of Fine’s analysis, discussed in Section 3.2.1,
exemplifies such an Aristotelian orientation, since it extracts the concept of
number from concrete multiplicities. Although several core aspects of Husserl’s
thought, such as his claim that categorial intuition is founded on sensory
intuition, are in line with the Aristotelian approach to mathematics, other
aspects, such as his claim that mathematics has a purely formal dimension,

are not.>°

78 For a defense of this position, see Drummond (1990).

7 Cobb-Stevens (2002) presents an Aristotelian interpretation of Husserl’s position in Logical
Investigations.

80" An Aristotelian interpretation of Husserl’s position can be developed without assuming that
ontology is subordinate to phenomenology. D. W. Smith takes Husser!’s theory of ideal objects —
the justification for which is anchored in the part—whole relation, a central component of
Husserl’s formal ontology — to be Aristotelian (Smith 2013, 160).
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The second interpretation of Husserl’s phenomenology of mathematics that is
pertinent to the west coast—east coast debate is best understood against the
background of the distinction, widely upheld in analytic philosophy, between
externalism and internalism. This distinction has been articulated in various
ways; here, I adduce Putnam’s version. Putnam offers an account of external-
ism — as he puts it, the position that “meanings just ain’t in the head” (Putnam
1975, 227) — in terms of the distinction between intension and extension.
Invoking the famous example of the meaning (or intension) of “water,”
Putnam argues that either the idea that intensions are determined by psycho-
logical states, or the idea that intension determines extension, should be given
up (Putnam 1975, 222). The rejection of these ideas can be related to the
interpretation of Husserlian noemata. The east coast position that noemata are
not separate from objects in the world calls to mind the idea that intensions do
not determine extensions — that is, the idea that the internal doesn’t determine
the external.®!

Externalism can, I contend, be related to Pradelle’s interpretation of Husserl’s
phenomenological approach to mathematical concepts as going beyond Kant’s
Copernican revolution.®” On Pradelle’s interpretation, the subject mirrors tran-
scendent objects, not the other way around. Borrowing Putnam’s formulation,
Pradelle’s interpretation of Husserl entails rejection of the claim that intensions
are determined by psychological states. Pradelle argues that Husserl, instead of
taking objects to be determined by the cognizing subject (Kant’s Copernican
revolution), contends that integral to every domain or type of objects is the
mode of'its givenness to consciousness, or to put it differently, every domain or
type of objects provides clues as to its transcendental investigation (see CM,
§22). The claim that Husserl goes beyond the Kantian Copernican revolution
raises the question of whether Husserl succeeds in avoiding reversion to the pre-
Kantian position that the world is exactly as we experience it (naive realism).
With respect to mathematical concepts, the question is whether — and if so,
how — Husserl’s position differs from Platonism. Pradelle’s answer is that
Husserl rejects the idea that the intuition of mathematical concepts, like the
intuition of sensible objects, is some sort of perception. Husserlian intuition in
mathematics, Pradelle maintains, is tantamount to demonstration, not only in
the sense of providing a proof, but also in the sense of relating new notions to

81 On the relevance of the internalism—externalism distinction to Husserl’s thought, see Zahavi
(2017, chapter 4).

82 See Pradelle (2012). Pradelle’s focus is not the original Copernican revolution, but the Kantian
one. In 1934 Husserl wrote a short text entitled “Overthrow of the Copernican Theory”; it was
published in 1940 under a different title. Its core thesis is that our experience of the world,
including the experience that the earth does not move, should be the starting point of
phenomenology.
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already familiar notions. Intuition in mathematics is not some sort of perception,
but rather fulfillment on the basis of evidence (i.e., proofs) (Pradelle 2020, 133—
4). As Pradelle understands Husserl, evidence evolves over time and is inter-
subjective. Hence, Pradelle takes Husserl’s notion of evidence to be Leibnizian,
not Cartesian.

4.6 Phenomenology and the French School of
Philosophy of Mathematics

Within nonanalytic twentieth-century philosophy, the philosophy of mathemat-
ics is a central focus of just two schools of thought: phenomenology, and the
“French epistemological school.” The core insight of the latter school is that
philosophy of science develops historically together with the development of
science. Philosophy of science does not examine science from an external
perspective, or attempt to impose, one way or another, any norms on the activity
of scientists. Leon Brunschvicg, a founder of this approach, was the first to
apply this insight to mathematics, in his 1912 Les étapes de la philosophie
mathématique, asserting that the philosophy of mathematics develops historic-
ally together with the development of mathematics.

The thought of Jean Cavaillés, a member of the French epistemological
school and a philosopher of mathematics, played a key role in French philoso-
phy after World War II. Cavaillés explicitly critiques Husserl’s position on logic
and mathematics. Cavaillés’s philosophical approach seeks to maintain the
autonomy of mathematical becoming. On his view, the development of math-
ematics is not constrained by a specific conception of logic (e.g., acceptance or
rejection of the law of excluded middle) or account of its origin (e.g., in
Euclidean geometry). Cavaillés sees Husserl’s phenomenology as undermining
this autonomy. He discusses Husserl’s position chiefly in On Logic and the
Theory of Science (Cavaillés 2021), which examines the historical development
of logic as a theory of science from Kant onward. Logic as a theory of science
not only describes the structure of thought in general, but also plays an active
role in acquiring and establishing knowledge.

According to Cavaillés, any attempt to understand logic as the foundation for
a theory of science is challenged by two conflicting demands: logic’s necessity
must be preserved, yet at the same time, logic must be grounded in the subject.
These conflicting requirements generate a tension that, after Kant, dissolves into
two opposed approaches to logic. Some philosophers, among them Bolzano,
Frege, and Carnap, stress logic’s objective validity; others, such as Brunschvicg
and Brouwer, stress that logic is ultimately grounded in the subject. Each
approach must contend with an unresolved problem. Those who stress logic’s
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objective validity must account for the fact that logic nonetheless evolves over
time. Given the objective validity of logic, how is the change from one concep-
tion of logic to another to be understood? Those who emphasize the relation of
logic to a knowing subject must find a way to explain logic’s objective validity.
A consequence of their position is that the laws of logic are grounded in
something external, namely, the knowing subject, hence the validity of these
laws is open to question. According to Cavailles, Husserl tried to reconcile these
two conceptions of logic, but did not succeed in devising a unified conception
(Cavailles 2021, 93). The primary impediment, Cavaillés argues, was that in
effect, Husserl’s approach to logic and consciousness imposed constraints on
mathematics. One such constraint was Husserl’s characterization of formal
systems in terms of the notion of a definite manifold. Cavaillés claims that
these constraints, which were unnecessary, interfered with the development of
mathematics. Rejecting Husserl’s focus on consciousness, he concludes: “It is
not a philosophy of consciousness but a philosophy of the concept that can yield
adoctrine of science” (Cavaillés 2021, 136). In other words, Cavaillés’s critique
amounts to the claim that Husserl’s philosophy of mathematics is weakly
revisionist.

Cavaillés argues that Husserlian phenomenology, in effect, imposes con-
straints on the development of mathematics, thereby impeding it.
Nevertheless, there are, I contend, affinities between Cavaillés’s outlook and
at least some of Husserl’s claims about mathematics. Consider, first, Cavaillés’s
principle that there should be no external constraints on mathematics, and hence
philosophy of mathematics should focus on the actual thought of mathemat-
icians. This is in line with phenomenology’s stance. Second, there is some
similarity between Cavaillés’s historical approach and Husserl’s historical
conception of mathematics in The Crisis of European Sciences and “Origin of
Geometry.” But this similarity is limited, since Cavaillés claims that in these
texts Husserl does not provide an adequate justification for the historical
approach (Cavailles 2021, 135). It could also be argued, in the spirit of
Cavailles’s critique, that Husserl’s theory of geometry’s origin imposes unwar-
ranted constraints on the development of geometry.

Jean-Toussaint Desanti, who studied under Cavaillés, helped diminish the
gaps between phenomenology and the Cavaillésian approach. Desanti charac-
terizes his work as an investigation of the way mathematical objects manifest
themselves (Desanti 1968, 289); this is a patently phenomenological character-
ization. Desanti’s main critique of Husserl’s phenomenology targets the notions
of the transcendental ego and constitutive subject. The rationale underlying this
critique, as in the case of Cavaillés’s critique, is rejection of external constraints
on the development of mathematics. Logical Investigations, which does not


https://doi.org/10.1017/9781108993913

https://doi.org/10.1017/9781108993913 Published online by Cambridge University Press

Phenomenology and Mathematics 59

posit a transcendental ego, might seem to be in harmony with the “no external
constraints” requirement. But even this early Husserlian stance cannot be
accepted. Vis-a-vis mathematical knowledge, Desanti maintains that there is
no basic level with respect to which we have immediate intuitions: there is
always a field of meaning in which our intuitions are embedded. The Husserlian
requirement of givenness in intuition is, according to Desanti, an unjustified
constraint on mathematics.

Maurice Caveing, Desanti’s disciple, argues that formulation of an adequate
philosophy of mathematics requires us to relinquish three Husserlian ideas: the
idea that a fundamental epistemological grounding of all knowledge can be
provided; the idea that the transcendental ego is the source of mathematics; and
the idea that a complete description of mathematics can be given (Caveing
2004, 14).

Two aspects of Pradelle’s interpretation of Husserl’s position, discussed in
Section 4.5.2, further contribute to closing the gaps between Husserl’s phenom-
enology and the French epistemological school. Pradelle’s characterization of
phenomenology as going beyond Kant’s Copernican revolution, inasmuch as it
sees the mode of givenness of the mathematical notions as inherent in them, can
be construed as compatible with Desanti’s critique of the transcendental ego and
Cavailles’s rejection of external constraints on mathematics. And Pradelle’s
interpretation of Husserlian intuition in terms of proofs rather than as a species
of perception renders it acceptable from the perspective of the French epistemo-
logical school, since it allows for the historical development of intuition through
the work of mathematicians.

4.7 Phenomenology and the Philosophy of Mathematical Practice

In recent decades analytic philosophy of mathematics has witnessed the emer-
gence of an approach that regards the practice of mathematicians as the basis for
philosophical reflection on mathematics.” The underlying idea is that philoso-
phy of mathematics should track the practice of mathematicians, rather than
impose philosophical preconceptions on mathematics. This new approach has,
in my opinion, a pronounced affinity with the French epistemological school,
and as I will argue, phenomenology can be interpreted as a philosophy of
mathematical practice.

The affinity between phenomenology and the philosophy of mathematical
practice is not surprising. It can be discerned in Husserl’s emphasis on attending
to the perspective of mathematicians, his division of labor between philosophy

83 See, for example, Mancosu (2008). For a recent overview of the philosophy of mathematical
practice, see Carter (2019).


https://doi.org/10.1017/9781108993913

https://doi.org/10.1017/9781108993913 Published online by Cambridge University Press

60 The Philosophy of Mathematics

and mathematics, his assertion that he accepts the existence of numbers because
of the way mathematicians speak (Husserl 1975, 39), and the fact that phenom-
enology’s declared goal is to describe things as they are, without
preconceptions.®

As further support for the suggested affinity, the philosophical work of Gian-
Carlo Rota, a leading twentieth-century mathematician, can be adduced. Rota
approaches the philosophy of mathematics from a phenomenological perspec-
tive, yet can also be interpreted as endorsing a philosophy of mathematical
practice. Rota undermines the claim that formal logic is the unique ground for
acceptance of mathematical theorems. He distinguishes between mathematical
proofs and mathematical truth (Rota 1990, 267). Having a proof is not always
sufficient for a theorem to be accepted as true, and truth is subordinate to
evidence, evidence being understood by Rota as the experience of grasping
that a statement must be true (Rota 1997b, 169).*> Only when mathematicians
attain evidence for it are mathematicians satisfied that a theorem is true. If the
proofs that exist at a certain point are not deemed sufficiently evident, math-
ematicians will go on searching for a proof that meets this standard (Rota 1991,
135). The centrality of evidence to Husserl’s understanding of truth can be seen
as reflecting the practice of mathematicians as Rota describes it. Rota’s charac-
terization of his philosophy of mathematics as descriptive (Rota 1997a, 184) is
also in line with both Husserl’s phenomenology, and the philosophy of math-
ematical practice.*

Rota’s approach to the philosophy of mathematics mainly engages with
Husserl’s phenomenology, but Being and Time also had a significant influence
on it. The central idea Rota adopts from Being and Time is that our relation to the
world is primarily one of coping, and we relate to objects chiefly as tools. Rota’s
understanding of the mathematical concepts is much like Heidegger’s under-
standing of objects as ready-to-hand. Being and Time’s critique of the primacy
given to subject—predicate judgments by traditional philosophy is also invoked
by Rota in critiquing contemporary analytic philosophy of mathematics, in
which formal logic plays a key role.®’

8 Leng (2002) discusses affinities between phenomenology and the philosophy of mathematical

practice.

Rota’s approach to mathematical knowledge, in giving evidence primacy over truth, might seem
somewhat similar to Brouwer’s conception, but it is difficult to make the comparison, since
Rota’s notion of evidence is Cartesian (i.e., related to certainty), whereas Brouwer’s is general.
From the perspective of the philosophy of mathematical practice, Husserl’s characterizations of
mathematics — for example, the characterization of an axiomatic system as definite — are not
constraints on mathematics, as some of the French epistemologists claim, but rather describe the
practices of mathematicians in various historical periods. This is, I contend, Hartimo’s view.

87 See Rota (1997b, 188-91).

85

86
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Rota denies that clear distinctions can be drawn between ideal and real objects
and between mathematics and the empirical sciences (Rota 1997b, 167). He
interprets Husserl as promoting “non-normative,” that is, factual, descriptions of
mathematical objects (164). I would argue that this position misconstrues the place
of normativity in Husserl’s phenomenological approach to mathematics. Husserl
thinks of mathematical objects as ideal, this ideality being related to the normative
role of these objects. Moreover, interpreting mathematical objects as ideal is in
keeping with the orientation of the philosophy of mathematical practice. Husserl’s
notion of intention, which entails a distinction between the ideal and the real, can
make an important contribution to the philosophy of mathematical practice, since
it enables us to describe the mathematician’s activities without having to relinquish
the ideality of mathematical objects. The claim that our focus should be mathem-
atical practice does not entail that mathematical practice has no normative or ideal
dimension: according to Husserl, all human activities that have an intentional
element involve norms, hence mathematics involves norms.

Hartimo (2021) has suggested another interpretation of Husserl’s thought on
mathematics that underscores its affinities with the philosophy of mathematical
practice. According to Hartimo, Husserl gives priority to the discipline of math-
ematics itself, and the role of the phenomenological investigation of mathematics
is to engage in reflection (Besinnung) on mathematics and examine whether it
fulfills its aims. Hartimo rejects the idea that Husserl’s approach to mathematics
exemplifies one particular philosophical outlook, arguing that it is “a combination
of constructivism, various kinds of structuralism, and Platonism” (Hartimo 2021,
173). This pluralistic interpretation of Husserl’s philosophy of mathematics is
linked to mathematical practice. As Mancosu (2008, 7) argues, the foundational
projects of Frege, Hilbert, and Brouwer all have roots in the thought and practice
of nineteenth-century mathematics. At the time these philosophical positions
were conceived, the practice of mathematics was nonexclusive, and had logicis-
tic, formalistic, and intuitionistic features. Husserl’s philosophy of mathematics
can be seen as adopting this nineteenth-century attitude.

Interpreting Husserl’s position as aligned with the spirit of the philosophy of
mathematical practice suggests answers to the question of how phenomenology
can be perceived as having affinities with three conflicting positions in the
philosophy of mathematics — Platonism, formalism, and intuitionism. Hartimo’s
claim that phenomenology’s conception of mathematics is pluralistic is one
such answer. Another way to meet the challenge of the conflicting interpret-
ations of Husserl’s approach to mathematics is to argue, in line with Pradelle’s
view, that the different modes of givenness of different species of mathematical
entities might fit locally with a Platonistic, formalistic, or constructivist
approach to mathematics. We saw this in Section 3.3.2 vis-a-vis geometry.
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Both Hartimo and Pradelle base their interpretations on a close reading of
Formal and Transcendental Logic, in which the different layers of logic can be
interpreted as supporting such pluralism. Confirmation of the idea that phenom-
enology is not committed to a single philosophical orientation vis-a-vis math-
ematics can also be found in an unpublished text from 1932, in which Husserl
says that we ought not adopt any specific philosophical approach to mathemat-
ics, such as Hilbert’s or Brouwer’s, since we know what mathematics is.®® The
idea that phenomenology is not committed to any one philosophical outlook can
also be linked to a more general reading of Husserl’s phenomenology as
metaphysically neutral. On this reading, phenomenology makes no ontological
commitment to the existence of essences in general and mathematical notions in
particular.*” We must, however, keep in mind that formalism can in any event be
taken to be metaphysically neutral. The hypothesis that phenomenology is
metaphysically neutral is thus relevant primarily to attempts to argue for
a Platonistic interpretation of Husserl’s stance, and to some extent also to
arguments for constructivist interpretations.

Another strategy for resolving the problem of the conflicting interpretations
of Husserl’s approach to mathematics is to argue that Husserl’s phenomeno-
logical approach to mathematics is not pluralistic, but a unique combination of
formalism, Platonism, and intuitionism. Mathematics has formalistic aspects
(e.g., the notion of a formal multiplicity), but it is not solely formalistic, since
fulfillment of intentions (intuition) also has a place in mathematics. Intuition
should not be understood as attesting to either the independent existence of the
mathematical notions (Platonism) or some sort of process of constructing these
notions, but rather, as demonstrating a combination of Platonism and construct-
ivism. Tieszen refers to this position as “constituted realism.” It is akin to
Derrida’s interpretation of the stance Husserl upholds in “Origin of
Geometry,” and can also be seen as reflecting mathematical practice.

But whether we adopt one of these resolutions of the conflicting interpret-
ations of the phenomenology of mathematics, or opt to uphold one of the
interpretations, the questions initially raised by Husserl — questions that motiv-
ate any phenomenological examination of mathematics — must be acknow-
ledged. How is mathematics given to consciousness, or to put it differently,
what are the experiences that are inextricably connected to mathematics?
How should we understand the distinction between meaning and intuition in
mathematics? And what counts as evidence in mathematics?

8 See van Atten (2007, 64—5) for an English translation of this text.

8 On the metaphysical neutrality of Husserlian phenomenology, see Zahavi (2017, chapter 2).
Thomasson (2017) interprets Husserl’s position as not committed to the metaphysical existence
of essences.
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