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LINGUISTIC ASPECT OF MODALITY
IN MODERN MATH DISCOURSE IN ENGLISH

Summary. The article reveals linguistic aspect of modality in modern math discourse in English,
critically outlines a number of actual problematic issues in the area, such as the distinction between
epistemic modality and evidentiality marked by formal logics philosophical grounding. General reference
to previous scholarly activity in math modality research proves that it is largely based on propositional
aspects of meaning. The math text corpus analysis aims to extract a set of modalities that are indispensable
for formulating modal deductive reasoning. However, from a linguistic perspective academic math
discourse requires natural language premise selection in the processes of mathematical reasoning and
argumentation. It is presumed that two different self-attention cognition layers are focused at the same
time on the proper classical symbolic logic and mathematical elements (formal language), while the
other attends to natural language. Defining the semantic meanings of math discourse modality markers
involves the interpretation phase. Thus, objectivity is generally associated with evidential adverbs which
are markers of the evidence verification concerning the speaker’s assessment of the truth value of the
proposition. Modal auxiliaries of high, medium and low modality, semimodal verbs and conditionals
involve ascribing a justification value in the set of possible logical inference making. The formal logical
structure of mathematical reasoning explains the non-intuitive possibility of a deductive proof. It has been
grounded that a linguistic category of modality in math discourse indispensably presupposes the universal
truth of knowledge, high level of logical formalization in propositional verification status, formulaic nature
of the argumentation, i.e. synthesis of hypothetical preconditions, theoretical knowledge and subjectivity
of reasoning leading to a new hypothesis verification and visual exemplification of the empirical deductive
processes in particular by linguistic means of modality expression.

Key words: epistemic modality, math discourse; linguistic aspect of modality; evidential
adverbs; modal auxiliaries; propositional modality.
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JIHTBICTUYHUHN ACIHEKT MOJAJBHOCTI
CYYACHOI'O AHITTOMOBHOI'O MATEMATHUYHOI'O JUCKYPCY

Anomauia. Y cmammi po3kpumo aiHeGICMUYHUN acnekm MOOAIbHOCMI 8 CYUACHOMY aH2lO-
MOBHOMY MAMEMAMUYHOMY OUCKYPCL, KPUMUYHO OKPECIeHO PO AKMYalbHUX NPOOIeMHUX NUMAHb Y
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yiti cghepi, 30Kkpema po3pizHeHHs enicmemiuHoi MOOAIbHOCMI Ma 00KA3080CMi, 3yMO81eHOI hopmab-
HOI0 1102iK010 (pinocoghcvorozo obIpyHmysans. 3a2aibHuti 02150 00CHIOAICeHb 00800UMb, WO Mame-
MAMUYHa MOOAIbHICMb 3HAYHOIO MIPOIO TPYHMYEMbCS HA KAACUYHIU NPONO3UYIUHIN 102IYT CYOIHCEHD.
Ananis xopnycy mamemamuyHux mexKcmis 3aceiouye 8HCUSAHHS cPAMAMUYHUX MOOATbHUX KAMe20-
pitl 01151 hoOpMYNI0BAHHS MOOATLHO20 0e0YKMUBHO20 MIDKYBAHHSA. 3 NIH2GICMUYHO20 NO2IA0Y, aKade-
MIYHUTL MAMeMamuyHull OUCKYPC 8UMA2AE OOCNIONCEHHS NEPEeOYMO8 BUCUBAHHI NPUPOOHOT MOBU 8
npoyecax MamemMamuyHo20 MipKy8arHsa ma oorpynmyeanus. Bucynymo npunywenms ujo0o ooHodac-
HOI akxmyanizayii 080ulapoeoi KOSHIMuUsHoI camopeuexcii, 30cepedacenoi, 3 00H020 OOKY, Ha Gop-
MATbHUX TO2TYHUX MOOAIbHUX ONepamopax ma MamemMamuyHux elemenmax (ghopmanvbHii mMo6i), 3
0py2020, — Ha NPUPOOHILL MOGL. BuznauenHs ceManmuyHux 3Haienb MapKepie MOOaIbHOCMI Mamema-
MUYHO20 OUCKYPCY 8KIIoYac eman inmepnpemayii. Takum 4uHOM, 00KA308i NPUCTIBHUKU PO3TISAHYMO
6 cmammi AK Mapkepu nepesipKu 3a2anbHoi 06 €KMUEHOCMI Cy0HCeHb U000 OYIHKU MOBYEM ICIUH-
Hocmi nponozuyii. JJonomiscHi MOOAIbHI MOBHI 300U BUCOKOI, CepeOHbOi ma HU3bKOT MOOAIbHOCHII,
HAaniemMooanvhi Oi€Ci06a Ma GXHCUBAHHS KOHCMPYKYIU YMOBHO20 CNOCOOY 3YMOGIIEHI CeMaHmMUKOIO
tMoGIpHOCII UOOPY ceped 2iNOMEeMUYHOI MHONCUHU 8aAPIAHMIE (OPMATbHO-T02IYHO20 BUBEOEHHSL.
3’acosano, wo gopmanvHo-102iuHA CMPYKMYPa MAmemMamuyHux MipKy8aHs NOSICHIOE HeIHmyimueHy
MOdACTUBICMb Qe0YKMUBHO20 008€0eHHA. Y cmammi 00TpYHMOBAHO, WO NiHeBICMUYHA Kame2opis
MOOALHOCE 8 MAMEMAMUYHOMY OUCKYPCI 0008 ’513K080 nepeddayae YHIGepcanibHy ICIMUHHICMb
SHAHHS, 8UCOKUL PiBeHb N102iuHOoi (opmanizayii 6 cmamyci nponosuyitinoi eepughikayii, ghopmyns-
HUL Xapakmep apeymeHmayii, moomo cunmes 2inOmemuyHux nepeoymos, meopemudHux 3Haub ma
Cy6 €EKMUBHOCMI MIPKYBAHHS, WO NPU3BOOUMb 00 OOIPYHMYBAHHSA 2INOMe3U ma HAo4Hoi inlocmpayii

eMNIPUYHUX OeOYKMUBHUX NPOYECIB, 30KpeMa MOBHUMU 3ACODAMU BUPANCEHHS MOOATLHOCHII.
Knrwouosi cnosa: enicmemiyna MooanvHicms, MamemMamuyHut OUCKYpC, TIH2GICMUYHUL ACHEeKM
MOOAIbHOCMI, O0KA3081 NPUCTIBHUKU, OONOMINCHI MOOAIbHI OIECTI08a, NPONOUYIUHA MOOANbHICTb.

Formulation of the problem. Modal logic
was originally defined in Aristotle’s analysis as
the logic of necessary and possible truths. In
particular, a modality is any word or phrase that
can be applied to a given statement to create a
new statement that asserts the mode of truth of
the preceding one: when, where, how it is true,
or under which circumstances it may be true.
Nowadays in the study of linguistics the mode
of truth conditions of statements is deeply
qualified in terms of knowledge, belief, temporal
discourse, and ethics. Additionally, modality is
defined as a grammatical category that allows
the expression of aspects related to the speaker’s
attitude, that is degree of reliability, certainty,
subjectivity, perspective, etc. (Dotsenko, 2006).
Contrastive studies have revealed relevant
differences in the use of modality across
scientific discourse (Rozumko, 2017), but not
all groups of modal markers have been studied
systematically. This article focuses on linguistic
aspects of math discourse modality, which has
only recently begun to receive the scholarly
attention (Goldblatt, 2003; Morante & Sporleder
2012; Lobovikov, 2021; Ferreira & Freitas,
2021). The actuality of the paper consists in
discussing a number of issues which are central
to the understanding of epistemic modality, such

as evidentiality, subjectivity, and objectivity. The
subject matter of the research is linguistic aspect
of math discourse modality markers in English.
The purpose of the article. This article seeks to
address linguistic aspect of modality expression
in modern math discourse in English, critically
outline a number of problematic issues in the
area, such as the distinction between epistemic
modality and evidentiality marked by linguistic
peculiarities of modality as grammatical category
in English.

Research analysis. Propositional modality
according to Palmer (1986) consists of two types:
epistemic, “to express speaker’s judgement
about the factual status of the proposition”,
and evidential, “to indicate the evidence of the
propositional factual status” (p. 8-13). There
are also two types of event modality defined
by Palmer (1986) as deontic, which relates to
obligation or permission and to conditional
factors considered external to the relevant by the
individual, and dynamic, where the factors are
supposed internal to the individual. Moreover,
Palmer (1986) indicates other irreal categories
found in the mood system: future, negative,
interrogative, imperative-jussive, presupposed,
conditional, purposive, resultative, wishes, and
fears. The scholar also explains temporal and



LINGUISTIC ASPECT OF MODALITY IN MODERN MATH DISCOURSE IN ENGLISH

233

aspectual relations of modality: all the categories
concern the event reported by the utterance,
whereas tense refers to the time of the event,
aspect — to the nature of the event in terms of
its “internal temporal constituency” (Palmer,
1986, p. 13-16).

Von Fintel (2006) defines modality from
a philosophical standpoint as a category of
linguistics meaning possibility and necessity
expression, hence, a modalized sentence outlines
an underlying prejacent proposition in the space of
possibilities. Von Fintel (2006) provides analysis
of several types of modal meaning, i.e. alethic,
epistemic, deontic, bouletic, circumstantial, and
teleological, and studies the cases proving that
modal meaning is expressed by modal auxiliaries,
semimodal verbs, adverbs, nouns, adjectives, and
conditionals.

A more technical approach to modality is
offered within the modal logic framework. Modal
logic (Kripke, 1963; Garson, 2009) attempts
to represent formally the reasoning involved
in expressions of the type it is necessary /
possible that starting from a weak logic. From
modal logic standpoint, modality is analyzed in
terms of “possible worlds semantics” (Kratzer,
1991, p. 640) as quantification over possible
varieties. However, Kratzer (1991) argues that
the meaning of modal expressions depends on
the context, and therefore, is more complex than
just quantifiers. Recent works on modality in the
framework of a logically formalized axiomatic
epistemology system in relation to mathematical
knowledge prove that “mathematical knowledge
as a whole is not an a priori system — rather, it is
an empirical one” (Lobovikov, 2021, p. 223).

The main material. General reference
to previous scholarly activity in math modality
research is largely based on propositional aspects
of meaning. One major theoretical issue that has
dominated the field for many years concerns
Kant’s apriorism underlying Hilbert’s formalism
in the philosophical grounding of mathematics as a
self-sufficing system, hence, proper mathematical
propositions are always “judgements a priori, and
not empirical, because they carry along with them
the conception of necessity, which cannot be
given by experience” (Lobovikov, 2021, p. 223).
By scrutinizing the math text corpus, it is easy to
extract a set of modalities that are indispensable
for formulating modal deductive reasoning, that

is it is known that, it is a-priori known that, it
is empirically known that, it is true that, it is
provable that, it is consistent that, etc.

Goldblatt (2003) states that the first
substantial algebraic analysis of modalized
statements was carried out by Hugh MacColl, who
symbolized the conjunction of two statements
a and b by their concatenation ab, used a+b for
their disjunction, and wrote a:b for the statement
“a implies b”, which he said could be read
“if a is true, then b must be true”, or “whenever
a is true, b is also true”. The equation a = b was
given for the assertion that a and b are equivalent,
meaning that each implies the other. However,
while a+b is a “necessary consequence” of a:b
(written (a : b) : a + b), he argued that the two
formulas are not equivalent because their denials
are not equivalent, claiming that the denial of a:b
“only asserts the possibility of the combination
ab”, while the denial of a+b “asserts the certainty
of the same combination” (p. 312).

It has also been suggested that modal
symbolism as well as model theory have been
generally applied to formalize reasoning about
the programs behaviour in Computer Science
to express “dynamical properties of transitions”
between different states. While algebraic
semantics interprets modal connectives as
operators onthe base of Boolean algebra, relational
semantics uses relational structures, called Kripke
models, which elements hypothetically outline
possible worlds, moments of time, evidential
situations, or states of a computer (Goldblatt,
2003, p. 310). For example, in tense logic:
eventually, henceforth, hitherto, previously, now,
since, until, inevitably, ultimately, finally; in
deontic logic: it is obligatory that, it is forbidden
that, it is permitted that; in epistemic logic. it
is known to that; it is generally accepted that;
doxastic logic: it is believed that; in dynamic
logic: after the program / computation / action
starts / finishes, the program enables, throughout
the computation; in geometric logic: it is locally
the case that;, metalogic: it is valid that, it is
satisfiable that, it is provable that, it is consistent
that, etc. Thus, methods from both kinds of
semantics have been used to research the nature
of modal logic.

In recent years researchers (Morante &
Sporleder, 2012; Rozumko, 2017; Ferreira &
Freitas, 2021) dedicated several well-grounded
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projects on modeling factuality, belief and
certainty, detecting speculative sentences
and hedging, identifying contradictions, and
determining the scope of expressions of modality.

On the face of it, mathematics has no modal
content, whereas mathematical statements are
necessarily true. Nevertheless, from the empirical
analysis of data in the text corpus by Werner
(2016), it is apparent that modal auxiliaries
of high, medium and low modality as well as
epistemic adverbs are definitely applied in the
modern math discourse in English. For example,

(1) Obviously, we can rewrite the sets A and
B as follows [...] (Werner, 2016, p. 26)

(2) It is immediately clear that equation
(3.4) cannot have a solution since [...] (Werner,
2016, p. 44)

3) [...] i.e. a root can be written as a
power with a rational exponent [...] (Werner,
2016, p. 56)

(4) Thus, the logarithm of b to the base a
is the power to which one must raise a to yield b.
(Werner, 2016, p. 59)

(5) If a logarithm to another base should
be computed, one can use the change-of-base
formula for logarithms. (Werner, 2016, p. 60)

(6) For a root equation, we always have
to test whether the solution(s) obtained indeed
satisfy the given equation. (Werner, 2016, p. 57)

Rozumko (2017) reports the fact that
“markers of epistemic modality are concerned
with the speaker’s assessment of the truth value
of the proposition” (p. 75). At the same time, the
characterand degree ofauthorial representation are
closely connected with the specific requirements
of academic discourse of the discipline under
consideration: in the natural sciences, the author
tends to mark his presence minimally. Thus, on
one hand, “modality represents the speaker’s
angle” and markers of epistemic modality express
“the speaker’s knowledge and commitment to the
truth of the proposition” (Nuyts, 2001, p. 37), on
the other hand, subjective and objective readings
of epistemic adverbs are contextualized
expressing objectivity with evidential adverbs,
such as obviously and It is immediately clear,
because they rely on verifiable evidence, that is
“a commitment shared by other people (general
knowledge)” (Nuyts, 2001, p. 64).

Hypothetically it can be claimed that
examples (3), (5) confirm the epistemic possibility

and probability interpreted as objective, as the
context suggests logical inference. Cases (4) and
(6) allow speakers to “hint at some valid grounds”
for mathematical operations, as well as “to
convey an expectation that the stance would be
seen as reasonable” (Wierzbicka, 2006, p. 259).

Conclusions and suggestions for further
research. Within the scope of academic math
discourse a set of significantly different modalities
is called “knowledge” in the variety of contents
which constitute multimodal epistemic logics.
Given that, in the broadly accepted theories the
modal logic treats “truth” as modality as well
as provability. Consequently, many other modal
terms, i.e. alethic, deontic, axiological, etc. are
defined in epistemology concerning cognition,
reasoning and grounding.

From a linguistic perspective academic
math discourse requires natural language premise
selection in the processes of mathematical
reasoning and developing mathematical
argumentation. It is presumed that two different
self-attention layers must be focused on the
proper classical symbolic logic and mathematical
elements, such as expressions, variables, and
artificial logic symbols, while the other attends
to natural language features. Defining the
semantic meanings of math discourse modality
markers involves the interpretation phase.
Thus, objectivity is generally associated with
evidential adverbs, such as indeed, obviously
and clearly, because they rely on verifiable
evidence. In the studied cases evidential adverbs
often introduce a statement which provides
observations and supports a more general claim
made in the previous one. Modal auxiliaries of
high, medium and low modality, semimodal
verbs and conditionals involve ascribing a
justification value in the set of possible logical
inference making. The formal logical structure
of mathematical reasoning explains the non-
intuitive possibility of a deductive proof. Thus, a
linguistic category of modality in math discourse
indispensably presupposes the universal truth of
knowledge, high level of logical formalization
in propositional verification status, formulaic
nature of the argumentation, i.e. synthesis of
hypothetical preconditions, theoretical know-
ledge and subjectivity of reasoning leading
to a new hypothesis grounding or visual
exemplification of the empirical deductive
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processes, two self-attention layering as a sign
of stylistic correlation of mathematical signs,
symbols, and logical operators within the natural
language communication sphere.

Further research may focus on establishing
the ratio of modal auxiliaries, semimodal verbs and

epistemic adverbs in the modern math discourse
in particular for teaching English for academic
purposes. It would be interesting to investigate
their frequencies in math analysis to examine the
ratio of personal judgement versus the rigoristic
formulaic impersonality of math discourse.
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