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Abstract:

In this paper we will present to build such a formal framework for
combined nonclassical reasoning as it has arisen with the attempt to
bypass classical logic and traditional foundation of mathematics. Classical
(binary) logic, determinism and rigid formalism are no longer adequate to
deal with complex, uncertain or context dependent phenomena that arise
in modern mathematics and its applications.

This analysis investigates the theoretical underpinnings, logical
organization and epistemological significance of non-classical mathematics
Is like such paraconsistent logic, fuzzy logic and multi-valued, intuitionist
logic, and multi-valued logics. Through an examination of these practices,
the study pursues three goals: to reconceptualize commonalities they
share and divergences among them; to demonstrate the extent to which
they can be used for representations of uncertainty, inconsistency, and
indeterminacy in doing mathematics.

The proposed logic covers logical, philosophical and methodological
aspects of non-classical reasoning in order to deliver a systematic
instrument for the evaluation of non-classical models. This framework
formalizes the extent to which alternative logical systems transform
mathematical inference, of proof organization, and indeed our
understanding of mathematical truth. The paper emphasizes, as well its
own, the role that non-classical logic plays in contributing to mathematical
thought and stimulating new areas such as artificial intelligence,
computational logic and complex systems.

Finally, it is considered that this work contributes to the theoretical
development of mathematical logic by providing a well-structured vision
which connects classical oriented views with non-classical ones, offering
more analytical strength to nowadays’ mathematical reasoning.

Keyword: Non-Classical Logic — Mathematical Reasoning — Analytical
Framework — Alternative Logical Systems.
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1. Introduction

1.1 Background and Motivation of the Study

Mathematical thinking is commonly seen as the ideal form of rational
thought, with no messiness or ambiguity here: clarity, certainty and
logical rigor are the watchwords. The legacy view to mathematical
reasoning, derived from the traditions in Aristotelian logic, formalized
into a symbol systems and object of research for a long time has set the
tone to think about and work with mathematics. This framework is
founded upon such prototypical concepts as bivalence, consistency and
deductive validity of the classical constitutive principles of proof and
truth in mathematics.

But, on the other hand the rise of modern mathematics has been so
Impetuous and its application to complicated real systems have been more
and more successful that there still persist conceptual and methodological
problems typical of classical science. Most of contemporary
mathematical activity concerns phenomena with the characteristics of
insecurity, incompleteness, inconsistency and context-dependence; such
are attributing that classical logic is incapable underwriting in either its
explanatory or dialectical role. These limitations are particularly
concerning in theoretical computer science, artificial intelligence,
complex systems modelling and applied mathematics where rigid
Boolean reasoning is inadequate.

Non-classical forms of mathematical reasoning are one the important
responses to this. Rather than rejecting the classical logic, non-classical
approaches extend the logical landscape by constructing new systems in
which  vagueness or indeterminacy and contradiction can be
accommodated internally. These strategies are symptomatic of a more
general epistemological shift within mathematics — away from an
emphasis upon infallible truth, toward contingent or context-sensitive
models of rational reflection.

The motivation behind the present study comes from an increasing need
to systematically explore, appraise and incorporate non-classical
reasoning into mathematical discourse. Although many non-classical
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formal systems have been proposed, their varieties and intellectual facets
make them difficult to survey in a consistent way. This is why this
project is motivated by the need to build an analytical framework for a
systematic comparison and critical evaluation of non-classical ways of
reasoning, as one coherent area of intellectual inquiry.

of quantum logic is discussed by Beltram et al Mathematically speaking,
the theory draws from several different disciplines such as nonstandard
analysis and hyper-finite factors with no axiomatic description in terms of
an overall set-theoretical construct available.

1.2 Limitations of Classical Mathematical Reasoning

Classical formal mathematics is essentially founded on the principle of
bivalence — that any well-formed statement must be either true or false.
This all-or-nothing approach to truth, and the rigorous demands of
consistency with it, has guaranteed up until now the internal soundness
of mathematical structures. However, such principles also have certain
reverse modal logic constraints that restrict the domain of classical
reasoning for various mathematical and epistemic issues.

The main reason that prevents classical reasoning from dealing with
inconsistency is the fact it cannot bear it. In classical logic, an
inconsistency implies the principle of explosion: anything follows from a
contradiction and any proposition is trivial. This property is very
restrictiv-e, especially when working in a setting where information flow
may be inconsistent but never vacuous, like partial databases or proofs
that converge toward mathematical theories.

Moreover, it follows from classical logic that all information is complete
and determinate, a premise which seems to be at odds with (modern)
mathematical and computational practice. Partial information, non-
deterministic structures and vagueness are not well handled through
exclusively binary logical operations. Accordingly, the classical logic
often leads to artificial reductions masking intrinsic complexity of
mathematical objects.

A second real limitation is proof. The previous proofs rely on abstract
(non-constructive!) existence theorems. It has sparked philosophical
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discussion on the epistemic legitimacy of non-constructive reasoning, in
particular if computability realizability and algorithmic implementation
are considered.

These limitations do not upset the historic success of classical
mathematics; they rather show that there is a need for further reasoning
methods capable to handle statements concerning domains in which our
classical assumptions no longer hold. Acknowledgment of such
limitations has been a key motivation for non-classical mathematical and
logical reasoning.

1.3 Research Problem and Central Questions

However, the variety of non-standard proof systems has not yet been
analyzed from a common point of view which gives insight into the role
that these systems play in mathematical reasoning. Studies in the area
tend to consider particular logic systems individually, often privileging
technical formality over their larger conceptual and epistemological
import. It is this fragmentation which has led to confusion in the literature
regarding the nature of, status of and comparative merit of non-classical
reasoning within mathematics.

The main research question in the present study can thus be
formulated as:

How can non-classical mathematics actually be monitored and assessed
systematically by an integrated analytical perspective concerning its
logical, epistemological and methodological aspects?

Several main research questions arise by this high-level problem:

e How does non-classical mathematical reasoning differ from classical
reasoning in terms of concept and structure?

e How do non-classical systems of logic change our understanding of
truth, proof and inference?

e How can different non- classical approaches be examined in relation to
each other, without reducing the theoretical specificity of each approach?
e what considerations must be examined in a framework to evaluate the
power and relevance of nhybrid ( non\classical) reasoning systems?
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By discussing these issues, the project aims to describe compatible
theoretical underpinnings for non-classical mathematical reasoning and
position the effort within existing approaches that fall within PML.

1.4 Objectives and Significance of the Study

The goal of this research is to create an extensive framework for the
systematic investigation of non-classical mathematics. The framework
has the aspiration to go beyond just formal comparisons and puts
together logical structures with epistemological and methodological
reflections.

Specifically, the study seeks to:

e Conceptually clarify the essential characteristics of non-classical
mathematical reasoning.

e Locate the epistemic premises hidden behind other logical systems.

e Define analytical conditions to compare and assess non-classical
reasoning schemes.

e Discuss how non-classical reasoning contributes to modern
mathematics in a theoretical sense.

The significance of this work lies in its contribution to an original
tradition within the philosophy and methodology of mathematics.
Providing a systematic analytical approach, the work develops
conceptual precision and encourages interdisciplinary connections with
mathematics, logic, philosophy and computational science. Moreover, the
proposed framework is a start point for extending non-classical reasoning
to mathematical theories and applications.

1.5 Organization of the Paper and Methodological Approach

This analysis is based on theoretical-analytical approaches, conceptual,
analysis and comparative reasoning. Instead of abstract formal
development, the emphasis is on interpretation of logical systems and
assumptions. The method is based on the critical comparison of classical
and non-classical reasoning patterns, and then elaborates a new general
analytical framework.

The paper is, organically structured to develop the argument gradually.
After this introduction, section 2 discusses the origin and the boundary of
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classical mathematical thought. The third part examines conceptual and
philosophical foundations of nonclassical reasoning. The fourth part
provides a comprehensive study of the most important non-classical
logic systems, and the fifth includes the aforementioned analysis
framework. The research ends with the implications, applications and
recommendations for further studies.

2. Classical Mathematical Reasoning: Foundations and Limitations
2.1 Overview of Classical Logic in Mathematics

Classical logic has been the formal and conceptual underpinning of
mathematical thinking since its inception. Classical logic originated in
Avristotle's syllogistic and was subsequently codified by Frege, Russell
and Hilbert as mathematics became an emblem of pure ratiocinative
activity based on formal metaphors for inference. Its main purpose has
been to guarantee mathematical knowledge by rigorous axiomatization
and logically correct deduction (Shapiro, 2014, p. 21).

In this context, mathematics is viewed as a closed formal system in
which statements are inferred from axioms according to rules of
inference. Logical symbols, formal languages and proof systems are at
root the resources employed to secure such objectivity and intersubjective
validity. Classical logic thereby guarantees that mathematical reasoning is
immune from empirical vagueness, subjective interpretation or
contextual indeterminacy (Avigad 2020: 37).

2.2.1 Bivalence, Consistency, and Completeness

Classical logic is characterized by three fundamental metaphors:
bivalence, consistency and completeness. These principles together form
the logical structure in which classical mathematics unfolds.

The Law of excluded middle says that a proposition p must either be true
or false, but cannot have an average value between being correct and
incorrect. In other words, if P is any proposition, then according to
classical logic: Pv— P
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It is this principle of excluded middle that ensures closure in
mathematics, but it also precludes partial truth or epistemic slack (Priest
2008:4).

Uniformity ensures that a proposition and its negation are not both
theorems of any system. In classical logic, a contradiction entails
anything (logical explosion) or everything can be deduced:
(PAN=P)—-Q

This is a construction that, while preserving mathematical rigor, makes
classical systems highly unstable in the face of inconsistency (Beall &
Restall 2006: 16).

Completeness in its technical usage as found in Godel's Completeness
Theorem for first order logic should entail that anything which is true of
a subject matter must be knowable by the system. If you are not familiar
with it, H(-) is a convoluted excuse to avoid dealing with classical versus
intuitionistic logic rather than being the (uniform?) statement of H(finite
n). While this may serve as evidence for the internal coherence of
classical logic, it exhibits the contradiction between completeness and
strength (especially that posed by Gddel’s incompleteness results for
arithmetic. (Shapiro 2014, p. 92).

These principles and their corollaries are listed in the following
table:

Principle Classical Logical Structural
Definition Implication Limitation
Bivalence Every proposition Determinate Excludes
is true or false truth values vagueness
Consistency | No contradictions Logical Inconsistency
allowed soundness leads to triviality
Completeness All truths are Deductive Limited
provable closure expressive scope

2.3 The nature of formal proof and certainty through deduction

Formal proof has always been central to classical mathematical
reasoning. Proof is a finite sequence of well-formed formulas, where
each is an instance of either an axiom or follows from its predecessors
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according to a set of validity inference rules. This idea of proof is
expressive of the age-old dream for absolute certainty, and epistemic
finality” (Avigad, 2020: 41).

Classical mathematics provides certainty by divorcing reasoning from
intuition, context and interpretation. After the axioms are established, it
then simply deduces inherent conclusions without empirical verification.
Such a feature is commonly considered to be the signature of value-
neutral objectivity and trustworthiness in mathematics (Shapiro, 2014, p.
28).

The claim, however, has been criticised as being far too formalistic and
vastly missing important epistemic issues. Non computable proofs, in
particular those using existential arguments without explicit construction,
raises issues both of computational meaning and practical usefulness.
From a modern point of view, in particular with computer-assisted
mathematics and algorithmic proofs, the distinction between proof and
construction has been with time increasingly relevant (Troelstra & van
Dalen, 2014, p. 9).

So although formal proof provides internal certainty, it may not provide
epistemic transparency or have any clear practical value for mathematics
in general.

2.4 Conceptual and Methodological Constraints in Complex Systems
The deficiencies of the classical mathematical logic are most observable
when extrapolated to complex, dynamic or information-rich systems.
These systems typically consist of incomplete data, evolving structures
and context-sensitive interactions that are not amenable to purely formal
axiomatization. Classical logic is committed to bivalence in the
determination of truth and falsity, and does not have significant
expressive power to adequately account for these properties (Priest,
2008: p.22)

In applied mathematics, artificial intelligence and computational logic
reasoning is often performed in conditions of uncertainty, inconsistency
or approximation. With classical paradigms, one has to artificially
simplify the phenomena, i.e. reduce a higher-dimensional structure to

June[2026]aipj= 1084 anulwVldapillal s dl=an
P- ISSN: 3007-3650 E- ISSN: 2706-8536



LUl dgay il dl al=
P- ISSN: 3007-3650 E- ISSN: 2706-8536 A paiicuall daalal) — danlia) Ay ) 4318
Journal of the College of Basic Education  Vol.32 (N0.137) 2026,pp.1077-1101

some aspect thereof, from static binary or idea of reality (Beall, 2021:
73).

Furthermore, traditional logic fails to capture the epistemic states of
partial and non-monotonic reasoning. These weaknesses have lead to the
construction of non-classical logical systems which loosen classical
strictures but maintain rational consistency.

Hence classical mathematical reasoning, while essential, can not be
considered satisfying universally. The shortcoming of this approach does
not diminish its value, but rather emphasizes the need for alternative
nonclassical forms which can continue mathematics beyond the classical
horizon.

3. Conceptual Foundations of Non-Classical Mathematical Reasoning
3.1 Definition and Scope of Non-Classical Mathematical Reasoning
Mathematical non-classicism designates to the latter family, a wide range
of logical and inferential methods wherein one either refutes or only
partially complies with the conditions for classical logic. In contrast to
classical reasoning, which has bivalence, strict consistency and deductive
completeness in its background, non-classical reasoning permits re-
sipping alternative notions of truth, inference and justification. Such
programs are not aimed a rejection of classical mathematics but rather
extending the boundaries of its reach to that which cannot be quite
adequately represented within the bounds of classical frameworks (Priest,
Tanaka, & Weber 2018, 3).

The non-classical proof theory involves the study various classes of
logical systems such as intuitionistic logic, paraconsistent logic, fuzzy
logic (last year’s METS case), modal logics and relevance logics. All of
these systems relax or revise at least one of the classical principles to
overcome some theoretical or practical problems. For instance,
intuitionistic logic forswears the all-out application of the law of
excluded middle; paraconsistent logic disavows the principle of explosion
in light of contradiction (Berto & Restall, 2019, p. 41).

Non-Classical thinking need not be seen here simply as a series of
technical options. It is a different standpoint on the view that what is
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given, in access to mathematics, are almost not at all mathematical
entities at all. It's not even primarily real sets here as much as it is [0,1]
specifically this shift does not just happen with 'switching from the
absolute model to others'. Not a change of models within absolute
modelhood. Rather, being reconsidered from board-certified model
madness to a new relation between pluralistically understood reason and
application. This extended scope betters aligns mathematics with
uncertainty, vagueness, incompleteness and changing information
structures (Dutilh Novaes 2020: 118).

3.2 Historical and Philosophical Origins

The emergence of non-classical mathematics is to be found in the late
19th and early 20th century discussions about the foundations of
mathematics. Logical paradoxes (such as Russell’s) were being
discovered, and foundational crises in set theory revealed profound
tensions within classical systems. These were the issues that led
philosophers and logicians to wonder about the universality of classical
logic, and how inevitable it was (Zach, 2019, p. 7).

The first serious challenge to classical logic came from philosophy,
specifically that of intuitionism (associated with L.E.J. Brouwer).
Intuitionism denied that mathematical objects exist 'out there’,
independent of human thought, and refused to accept non-constructive
proofs of existence. This view brought with its a (necessarily epistemic)
conception of mathematical truth based on provability, rather than
transcendent correspondence (see Moschovakis 2018, 62).

Subsequent to the twentieth century, non-classical methods saw
additional diversification. On the other hand, the expressive power of
mathematical reasoning was extended by adding notions of necessity and
possibility (through modal logics), as well as confronting problems with
vagueness and graded truth in many-valued and fuzzy logics. And
paraconsistent logic, in its turn, originated because of philosophical
concerns regarding inconsistency and the failure of explosion in realistic
reasoning situations (Priest 2016: 24).
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Philosophically, these developments are part of a move from logical
monism (the view that there is one and only one correct logic, the logic in
terms of which all reasoning should ultimately be assessed) to logical
pluralism. This pluralist approach maintains that different logics may be
"right" in different areas, a sentiment increasingly common nowadays in
the philosophy of logic and mathematics (Beall & Restall, 2020, p. 59).
3.3 From Certainty to Plausibility — Epistemological Changes
Perhaps the most important feature of non-classical mathematics is its
epistemological consequences. Classical mathematics is classically
believed to be perfectly certain: once a theorem is proved, its truth is
considered eternal and nigh impossible to take away. Non-standard
reasoning, on the other hand, brings in a scale of epistemic attitudes
between certainty and plausibility or acceptability or justification within
context (Dutilh Novaes 2020: 121).

In haxel-4 one can have a hetrogenous world, in which the true is not a
bivalued thing but has degrees with value-gap problems or many-valued
truth. For instance, in fuzzy logic a proposition can be defined on a truth
value of p between 0 and 1 to represent "the degrees of truth", But using
mathematical reasoning.

u(P) € [0,1]

where u(P)represents the degree of truth of proposition P.

Such formal relaxation about uncertainty constraints avoid falling back to
arbitrariness (Hajek, 2015, p. 17).

On the other hand, intuitionistic logic substitutes truth for provability
with an epistemological access accent (saying here is a way of
proving/certifying that p) instead of abstract validity. In this spirit, a
statement is true just in case there is an effective proof of it connected to
what we have called a more cautious scientific epistemology derived
from the practice of mathematics (Moschovakis 2018:68).

None of these epistemological turns suggests a lack of rigour. Instead,
such theorists reconceptualise strength in terms of transparency,
(epistemic) justication and use. In this way, non-classical reasoning
brings the epistemology of mathematics into closer contact with the
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processes of reasoning used in practice by scholars, who rarely have the

luxury of confidence and often are faced with deciding questions under

conditions of uncertainty.

It is important to distinguish fuzzy truth from probabilistic reasoning.

While probability expresses degrees of belief about the occurrence of an

event, fuzzy logic represents degrees of truth of the proposition itself:
Probability (P) # u(P)

From a proof-theoretic perspective, intuitionistic logic interprets truth in

terms of provability. According to the Brouwer—Heyting—Kolmogorov

(BHK) interpretation:

« PV Qistrue if there is a proof of Por a proof of Q

« P — Qis true if there exists a construction transforming any proof of

Pinto a proof of Q

This approach replaces truth-conditions with proof-conditions.

3.4 Comparison with Classical Paradigms

A contrastive analysis between classical and non-classical mathematics

shows disturbing discordances both in the orientation of concepts as well

as in methodological presupposition. Classical thinking aims at

universality and total justification, whereas non-classical approaches put

an emphasis on context dependence, domain adaptation and

epistemological fragility.

The following table highlights key contrasts between the two

paradigms:

Dimension | Classical Reasoning Non-Classical Reasoning
Truth Values | Binary (true/false) Multi-valued or graded
Consistency | Mandatory May be relaxed
Proof Formal and deductive | Constructive or contextual
Epistemology | Certainty-based Plausibility-based
Applicability | Idealized systems Complex and real-world systems

From this perspective, non-classical reasoning should be viewed not as a
rival but as a complement to classical mathematics. Classical logic
remains indispensable for many domains, yet its limitations necessitate
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alternative frameworks capable of extending mathematical reasoning into
new conceptual territories (Berto & Restall, 2019, p. 55).

4. Major Non-Classical Logical Systems in Mathematics

4.1 Paraconsistent Logic and Inconsistency Tolerance

One of the most extreme breaks with standard mathematical reasoning is
provided by paraconsistent logic. It is characterized by rejection of the
principle of explosion: that a single inconsistency entails proving
everything. According to classical logic, the existence of a statement
together with its negation collapses the whole system into absurdity. In
paraconsistent logic, inconsistent collections of assertions may be
nontrivial and mathematically useful (Priest, 2016, p. 9).

Formally, classical logic validates the inference:

(PA=P)# Q

This means that contradictions do not entail arbitrary conclusions.
Semantically, paraconsistent logics such as Priest’s Logic of Paradox
(LP) allow propositions to take multiple truth values. A proposition may
be both true and false simultaneously:

v(P) € {T,F, B}

where Bdenotes a “both true and false” value.

As this inference is blocked under Para consistency, they admit reasoning
in inconsistency. This true fact is an asset in mathematical and scientific
domains where axiomatizations are incomplete, theories are changing or
data sets are unsound but informative. (Berto, 2021, p.9).

4.2 Fuzzy Logic and the lIdea of Graded Truth Values

Fuzzy logic is just one example of non-classical logics developed
specifically to deal with the phenomena of vagueness and graduality in
mathematical reasoning. In contrast to classical logic, where truth values
are confined to the binary set {0,1}, fuzzy logic extends truth value
assignment to a “continuous range,” often depicted by the real interval
[0,1] (Hajek 2015: 5).
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Formally, in fuzzy logic a proposition P is given truth value:
u(P)el0,1]

where u(P)denotes the degree of membership or truth of proposition P,
This formalism enables mathematics to represent partial satisfaction,
approximation, and uncertainty in a more formal and systematic way.
Unlike in probability theory, where truth values between O and 1 are
interpreted as representing the likelihood of a statement, in fuzzy logic
the truth values may represent degrees of truth. The difference is
important in a mathematical model, where certain ideas such as being
continuous, the same and potentially tolerated are not well-separated.
(Cintula, Hajek, & Noguera, 2017, p. 22).

Epistemologically, fuzzy logic replaces absolute certainty with graded
justification. Mathematical assertions are evaluated relative to degrees of
truth rather than binary validity, enabling a more flexible form of
inference. This approach has proven influential in applied mathematics,
control theory, and computational reasoning, while also raising
foundational questions about the nature of mathematical truth itself.

4.3 Intuitionistische Logik und konstruktives Denken

Is rooted in a weaker concept of truth, and presents a humanly more
understandable grounding for mathematical reasoning than classical one
can claim to be: Intuitionistic logic does not offer an introduction of the
BHK-interpration. Founded in constructivist philosophy, intuitionistic
logic is based on the rejection of the unrestricted use of the law of
excluded middle and emphasizes that truth be based on provability as
oppose to certainty (Moschovakis 2018, p. 57).

In classical logic, the statement:

P—-VvP

is universally valid. Intuitionistic logic, however, accepts this disjunction
only when a proof of P or a proof of =P is explicitly available. This
restriction reflects a commitment to mathematical constructions rather
than abstract existence claims (Troelstra & van Dalen, 2014, p. 12).
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4.4 Multi-Valued and Modal Logical Systems
Multi-valued logic is a generalization of two-valued (classical) logic
which permits the use of more than two truth values, without necessarily
supposing a continuous range of possibilities between 0 and 1 as with
fuzzy logic. Some early systems, such as three-valued logics (see also
Many-valued logic) were devised as an attempted solution to the problem
of semantic paradoxes and certain "indeterminates (Priest, 2008, p. 36).
A common three-valued system is the set:

{True’ False’ Indeterminate}
This expansion enables mathematical reasoning to represent undefined or
borderline cases that classical logic cannot accommodate.
4.5 Comparative Analytical Discussion
We give a relative perspective about these non-classical logical systems
and highlight for each of them some deficiencies of classical
mathematical reasoning that is to be overcome, as well as the relevant
conceptual commitments. But instead of rival frameworks, these systems
make up a synergistic set of tools for enlarging mathematical rationality.
Below are their key characteristics:

Logical Classical Key Contribution | Mathematical
System Principle Relevance
Relaxed
Paraconsistent | Consistency | Inconsistency Foundations,
Logic tolerance paradoxes
Fuzzy Logic Bivalence Graded truth Approximation,
modeling
Intuitionistic | Excluded Constructive proof | Computation,
Logic middle type theory
Multi-Valued | Binary truth | Indeterminacy Semantics
Logic handling
Modal Logic | Static truth Necessity/possibility | Structural
analysis

This comparative outlook highlights the core thrust of this paper: non-
classical logical systems do not jeopardize mathematical rigor but rather

June[2026]aipj= 1091 anulwVldapillal s dl=an
P- ISSN: 3007-3650 E- ISSN: 2706-8536




anubullanjallaisadl=an

P- ISSN: 3007-3650 E- ISSN: 2706-8536 4 peaiiceal) daaladl — dalual) 4 jall 448
Journal of the College of Basic Education  Vol.32 (N0.137) 2026,pp.1077-1101

recast it in more situation-sensitive and epistemologically stronger terms.
In conjunction, they form the theoretical bases that can be used to build
up an integrated formal model of non-classical mathematics reasoning.

5. Proposed Analytical Framework for Non-Classical Reasoning

5.1 Rationale for Framework Construction

diversity of non-classical logical systems which have become prevalent
has greatly enhanced modern mathematical reasoning at the same time as
feeding a fragmented theoretical landscape. Current studies of these non-
classical systems tend to treat them in virtual isolation from each other,
addressing primarily their internal formal characteristics rather than the
common concepts which all have or the relative importance of any one
system. Non-classical logical reasoning, as a consequence, can be seen
not so much as an integrated extension of mathematical rationality but
rather a selection of disparate options (Beall & Restall, 2020).

The reason to build an analytical framework is exactly this
fragmentation. A general framework allows a systematic investigation of
non-classical reasoning, as well its logical diversity and theoretical
character. Hence, this set of frameworks is not prescriptive and does not
want to introduce a unique logic so much as offer structured criteria for
comparison, evaluation and application (Berto, 2021, p. 91).

In addition, the growing amount of non-classical reasoning in subjects
like computer-based mathematics, artificial intelligence and analysis of
complex systems demands a clear view on methodology. In the absence
of an underlying model theory, this kind of choice and its justification is
liable to become arbitrary or merely pragmatic. The present framework
aims to mitigate this worry by siting non-classical reasoning within well-
articulated logical, epistemological and methodological dimensions.

5.2 Logical Dimension: Inference, Proof Behavior and Structure

The rational aspect of the framework under consideration concerns with
the formal laws prescribing how one draws inferences and validates
proofs within non-classical logics. Unlike the case of classical logic, in
which inference is strictly deductive and rules-based, non-classical
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reasoning frequently relies on changed or context-sensitive relations of
inference (Priest 2016, p. 48).

At this layer, the framework considers the following components:

e The admissibility of inference rules

e Seeming contradiction and denial

e The form of proof (deductive, constructive, or hybrid)

For instance, in paraconsistent logic the rule of inference explosion is not
accepted:

(PAN=P)#Q

This adaptation retains inference control in presence of inconsistency. In
intuitionistic logic, the logical dimension is proof-preserving rather than
truth-preserving and reformulates what it means for a statement to be
deductively valid in terms of an epistemic notion (Moschovakis 2018:
71).

The framework judges utra-classes by how inferentially disciplined they
are: e.g., the extent that they avoid using bad evidence while still being
able to accommodate departures from classical logic. This condition
means that non-classical reasoning continues to be justified in the
mathematical sense, and is not simply a matter of permission.

From a formal perspective, non-classical logics are evaluated not only by
their expressive power but also by their inferential discipline. That is, the
extent to which they control invalid inferences while allowing flexibility
In reasoning under uncertainty or inconsistency. This balance between
flexibility and rigor constitutes a central criterion for assessing alternative
logical systems.

5.3 The Dimension of Epistemology: Truth, Justification and Doubt
The epistemic dimension is concerned with what non-classical logic tells
us about mathematical truth and proof. Classical mathematics is based on
an absolutist epistemology in which truth is objective, eternal and
cognitive resistant. Non-classical reasoning, however, gives rise to more
fine-grained categories such as degrees of truth, contextual warranted
Ness and epistemic gaps (Dutilh Novaes 2020, p. 126).
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According to this construction, truth can be:

Constructive (intuitionistic logic)

Graded (fuzzy logic)

Context-dependent (modal and paraconsistent logics)

For example, fuzzy logic reifies degrees of truth:

[1,0] 2 u(P), u(P) = Truth(P)

This epistemological move enabled mathematics to be made contingent
on partial knowledge and approximation yet without resigning the
commitment to formal precision (Hajek, 2015, p.19).

As a grounding for the framework, non-classical systems are evaluated
according to their epistemic coherence--namely, their capacity to produce
principled justification of mathematical claims while under suspicion or
information-impoverishment. By doing so, it mediates between FV and
EP.

5.4 Methodological Dimension: Application and Evaluation Criteria
The methodological dimension is related to the effective use of non-
classical reasoning in both mathematics and applications areas. Classical
reasoning is based on idealized situations that are rarely encountered in
practical situations. Non-classical systems are typically the result of a
decision to work in an environment which is “less than ideal,” for
example, with incomplete information, changing axioms or non-
consistent sources (Avigad, 2020, p. 88).

For the framework under consideration, methodological assessment is
based on:

o Believability in complex or real-world situations

e Compatibility with computational implementation

e Transparency of reasoning processes

e Capacity for comparative assessment

For instance, intuitionistic logic is methodologically suitable for proofs in
computer-based environments and in type-theoretical systems;
paraconsistent logics have proved to be of great help in computing over
inconsistent mathematical databases. It is the strength of fuzzy logic on
the other hand, to well describe floatingness and approximation.
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The framework as a result allows researcher to motivate their choice of a
non-classical logic by explicit methodological reasons, rather than
ambiguous inclination or convention.

5.5 Integrative Model of Analysis

The reconciling power of the framework is that it has a potential to
synthesize logical, epistemological, and methodological aspects into one
consistent form. Instead of considering them as different dimensions a
priori, to be considered separately, the model underlines their interplay in
constituting mathematical reasoning.

Summary of the integrative model is presented in tabular form:

Dimension Core Focus Key Questions Evaluation
Criterion
Logical Inference & How is validity Inferential
proof defined? robustness
Epistemological | Truth & What counts as Epistemic
justification truth? coherence
Methodological | Application & | Where is it Practical
use applicable? adequacy

By using the model, non-classical reasoning can be examined not only as
a formali sm but also as an organised epistemic behavior. In so doing, the
framework offers a systematic grounding for future work, and supports
cross-talk between classical and non-classical perspectives.

In short, the analytical framework put forward here is a full-fledged and
flexible way to conceive of non-classical mathematics thinking as an
integrated intellectual endeavor. It asserts that rigour is not the sole
province of classical logic, and may be revisualised to reflect something
of the intricacy and pluralism which characterise 20th century
mathematics.
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6. Applications and Implications of Non-Classical Mathematical
Reasoning

6.1 Impact on Contemporary Mathematical Theory

The influence of non-classical mathematical reasoning on modern
mathematical theory can be felt through the broadening of the
philosophers conception of what counts as a legitimate mode of
mathematical inference. Elementary mathematics (and, by extension,
classical mathematics) is restrictive in the sense that it does not permit or
support creative theoretical reasoning beyond formal logic. Non-classical
systems on the other hand, have provided mathematicians with the
possibility to investigate other foundations and question traditional beliefs
concerning criterion of proof, consistency and truth “(Shapiro, 2018:143).
In a field like set theory, (proof) theory of truth or mathematical seman-
tics, non-classical logics are tools available for dealing with paradoxes,
incompleteness and undecidability  without throwing overboard
theoretical unity. On a paracoherent foundation, inconsistent axiomatic
systems can be studied under more controlled conditions; this
furthermore opens new promises for foundational study (Beall
2021:102).

Even more so, intuitionistic and constructive logics have revolutionized
the understanding of mathematical existence by linking it directly to
provability and construction. This move has affected the more recent
developments of proof theory and allowed better connections between
mathematical logic and computation. This leads to the observation that in
recent years mathematical theory is gradually coming closer to a pluralist
viewpoint on reasoning, where classical and non-classical reasoning
paradigms complement each other as constitutive features of
mathematical practice (Priest and Routley 2019, p.

6.2 Relation to Artificial Intelligence and Computational Logic

A key field of application for non-classical mathematics is artificial
intelligence (Al) and computational logic. Traditional logical systems
which have a binary value (true/false) often cannot be applied directly to
soft-computing environments, where the environment is imprecise,

June[2026]aipj= 1097 anulwVldapillal s dl=an
P- ISSN: 3007-3650 E- ISSN: 2706-8536



LUl dgay il dl al=
P- ISSN: 3007-3650 E- ISSN: 2706-8536 A paiicuall daalal) — danlia) Ay ) 4318
Journal of the College of Basic Education  Vol.32 (N0.137) 2026,pp.1077-1101

uncertain or dynamic such as the case in intelligent systems (Russell &
Norvig 2021 p. 485).

The non-classical logics offer formal resources to use for reasoning in
these non-ideal cases. Fuzzy logic, for example, allows Al systems to
deal with concepts that are not precisely defined and therefore cannot be
expressed in strictly logical terms by assigning degrees of truth ranging
between 0 and 1 to propositions. This has been used extensively in
control systems, decision-making algorithms and in machine learning
(Hajek, 2015, p. 7).

Likewise, paraconsistent and non-monotonic logics are fundamental in
knowledge representation and belief revision. To make Al agents reason
well in the face of inconsistent information and prevent them from
concluding trivialities. Modal and epistemic logics expand systems of
computational reasoning to cover knowledge, belief, possibility and
necessity (Blackburn et al., 2019:212).

We conclude, hence, that non-classical mathematical reasoning is a
cornerstone of contemporary Al, standing in between logical rigour and
computational complexity.

6.3 Role in Complex and Uncertain Systems Modeling

Complex systems whether they are physical, biological, social or
computational exhibit non-linearity and properties of emergence,
reservedness, imperfect knowledge among others. The highly
approximating theories are the product of classical mathematical models
that assum(e) very ideal (ized) behaviors which in fact oversimplify these
characteristics, and hence provide low explanatory power and predictive
capabilities (Mitchell, 2019, p.34).

Non-classical reasoning paradigms provide a more flexible approach to
modeling which can capture the high-level behaviour of complex
systems. Fuzzy and multi valued logics permit to represent transitional
quantities or partial states, while modal logics support reasoning on
possible system evolutions and structural properties. In its turn,
paraconsistent logics offer a tool to marry together models or data-sets

June[2026]aipj= 1098 anulwVldapillal s dl=an
P- ISSN: 3007-3650 E- ISSN: 2706-8536



LUl dgay il dl al=
P- ISSN: 3007-3650 E- ISSN: 2706-8536 A paiicuall daalal) — danlia) Ay ) 4318
Journal of the College of Basic Education  Vol.32 (N0.137) 2026,pp.1077-1101

which have a degree of conflict, and not throw the baby out with the
bathwater (Berto & Restall, 2021, p. 76).

These methods are used in applied mathematics and system theory where
one seeks robust models that continue to be informative despite
uncertainty and change. Non-classical reasoning removes popular
constraints, giving rise to flexible and robust analysis tools that are well-
suited for coping with the complexity of reality.

7. Conclusion

By articulating a unified analytic frame, it constitutes for logical structure
between epistemological construal and methodological application, the
article elucidates how non-classical logics maintain formal rigour while
redefining such bedrock concepts as truth, proof and inference. This
integrative framework demonstrates that the various non-classical
systems—rather than being just a vein of alternative logics—are unified
by having overlapping conceptual motivations and can legitimately be
compared within a single model of mathematical rationality which is to
be pluralistic. While it is still largely at the level of sketches and does not
offer many detailed formal or applied investigations, it lays a good basis
for the further investigation of non-classical reasoning in mathematics,
computing, as well as on inter-disciplinary level. In the end, our results
confirm that mathematics can respond with plausibility to changes in
epistemic and methodological perspectives without renouncing its
allegiance to rigor, coherence and systematic reasoning as well as they
strengthen the claim that non classical approaches still have relevance for
contemporary mathematical thinking.
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