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A Critical Examination of Aristotle's Syllogism and its Implications

for Contemporary Formal Logic

Aristotle’s syllogism, developed in the Prior Analytics, constitutes
the first formal system of deductive inference and remained the
dominant logical paradigm for over two millennia. This paper
critically examined the formal structure, metatheoretical properties,
and philosophical presuppositions of Aristotelian syllogism, and
evaluated its implications for contemporary formal logic. While
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modern predicate logic after Frege and Russell exposed many
serious limitations of Aristotle’s logic for mathematics and science,
recent scholarship emphasizes that Aristotle shares with modern
logicians a fundamental interest in metatheory: his aim was to
study the properties of inferential systems themselves rather than
merely present a collection of valid arguments. This study
demonstrated that syllogism is sound, complete, and decidable
within its domain of monadic predicates and four categorical forms:
A (Every Sis P), E (No Sis P), I (Some S is P), and O (Some S is not
P). Its limitations—lack of relational predicates, nested quantifiers,
and singular terms—preclude its use as a foundation for
mathematics, yet these same restrictions yield computational
tractability. The paper argued that Aristotle’s syllogism is best
understood not as a failed predicate logic but as a complete proof
theory for a decidable fragment. Its contemporary implications are
threefold: (1) it anticipates modern concerns with proof structure,
consistency, and decision procedures; (2) it provides a historically
grounded model for decidable term logics and description logics
used in Al and ontology engineering; and (3) it challenges the
assumption that expressive power is the sole metric of logical
adequacy. Syllogism remains relevant as a case study in the trade-
off between expressivity and tractability.

Keywords: Aristotle, syllogism, proof theory, formal logic, term logic, metatheory,
contemporary logic.

Introduction

Aristotle defines a syllogism as “a discourse in which, certain things being
stated, something other than what is stated follows of necessity from their being so”
(Aristotle, 25a5-6). The system he develops in Prior Analytics uses three terms and
four categorical forms: universal affirmative (A: Every S is P), universal negative (E:
No S is P), particular affirmative (I: Some S is P), and particular negative (O: Some S
is not P). These combine in three figures to yield 256 moods, of which 24 are valid.
For centuries this framework was unchallenged. Its decline began when Boole, Frege,
and Peano showed that mathematics requires relational quantification, function
symbols, and a clear syntax for singular terms—none of which Aristotelian syllogism
provides. The Fregean revolution displaced it by demonstrating that syllogism
cannot express statements such as “Every boy loves some girl,” cannot distinguish
“Socrates is mortal” from “All humans are mortal,” and presupposes existential
import for universals. Thus, very few would try to maintain that it is adequate as a
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basis for understanding science, mathematics, or even everyday reasoning. Frege’s
analysis treats “All S are P” as Vx(Sx — Px), a conditional with no existential
commitment, whereas Aristotle treats individual predications and general
predications as similar in logical form. The result is that subalternation (A—1I), valid
in Aristotle, fails in modern logic if S is empty.

This displacement raises a critical question: has modern logic refuted Aristotle,
or has it merely changed the criteria of adequacy? The problem is compounded by
Aristotle’s own method. He distinguishes perfect from imperfect syllogisms,
provides reduction procedures, and claims completeness for his system. As Lear
(1980) notes, this suggests that Aristotle’s interest was metatheoretical rather than
purely instrumental. The research problem is therefore threefold: (1) What is the
precise formal structure of Aristotle’s syllogistic logic when reconstructed with
modern logical tools? (2) What are its proof-theoretic and semantic properties—
soundness, completeness, decidability, complexity —and how do they compare with
first-order logic? (3) What implications do these properties have for contemporary
formal logic, particularly regarding the design of decidable systems, the foundations
of proof theory, and the philosophy of logical pluralism? This paper addresses these
questions to determine whether Aristotle’s syllogistic logic is obsolete or
foundational, and to clarify what its limitations and virtues reveal about the nature of
formal reasoning.

To evaluate syllogism solely by its expressive capacity is to misunderstand
Aristotle’s project. Contemporary scholarship stresses that his aim was
metatheoretical. He was concerned with which deductions are self-evident
(“perfect”), how to transform others into perfect form, and whether every valid
deduction is reducible to syllogisms. This is proof theory: the study of proofs as
mathematical objects. Jan Lukasiewicz’s Aristotle’s Syllogistic from the Standpoint of
Modern Formal Logic (1957) first reconstructed syllogism as an axiomatic system. John
Corcoran (1972) and Timothy Smiley (1973) reformulated it as a natural deduction
system, proving it sound and complete for a semantics of non-empty terms. These
results allow us to apply modern proof-theoretic analysis—normalization, cut-
elimination, complexity—to Aristotle. This paper proceeds by reconstructing
syllogism as a formal system, establishing its properties, identifying its limitations,
and drawing implications for contemporary logic. The idea is that Aristotle’s
syllogism is a sound, complete, and decidable system for a monadic fragment, and its
limitations are design features that retain modern relevance.

Aristotle’s Syllogism
A syllogism is a form of deductive argument in which a conclusion is inferred
with necessity from two premises. It is the inference of one proposition from two
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premises. A syllogism is a form of logical argument that consists of two premises and

a conclusion. Aristotle in the Prior Analytics says:
A syllogism is discourse in which, certain things being
stated, something other than what is stated follows of necessity
from their being so. I mean by the last phrase that they produce the
consequence, and by this, that no further term is required from
without in order to make the consequence necessary. I call that a
perfect syllogism which needs nothing other than what has been
stated to make plain what necessarily follows; a syllogism is
imperfect, if it needs either one or more propositions, which are
indeed the necessary consequences of the terms set down, but have
not been expressly stated as premises. (Aristotle, 25a5-10)

The “certain things being stated” are the premises; the “something other” is
the conclusion. The necessity is logical such that if the premises are true, the
conclusion cannot be false. Aristotle makes it clear from the extract above that the
claim of the conclusion of a syllogism necessarily follows from the claims of the
premises. However, he also distinguishes between the perfect and imperfect
syllogisms. A syllogism is perfect if it “needs no external term in order to show the
necessary result” (Aristotle, Prior Analytics 24b23-24), and it is imperfect if it “needs
one or several propositions that are necessary because of the terms supposed but
were not assumed through premises” (Aristotle, Prior Analytics 24b24-25). A perfect
syllogism needs nothing other than what has been stated in the premises to make
plain what necessarily follows as conclusion, while an imperfect syllogism needs
either one or more propositions, which are indeed the necessary consequences of the
terms set down but have not been expressly stated as premises, to draw the
conclusion. For imperfect syllogisms, Aristotle does give proofs, which invariably
depend on the perfect syllogisms. In the proofs for imperfect syllogisms, Aristotle
says that he “reduces” each case to one of the perfect forms and that they are thereby
“completed” or “perfected”. These completions are either probative (a modern
translation might be “direct”) or through the impossible.

Formal Structure of a Syllogism

Structurally, a syllogism consists of three parts:

(1) Major Premise: A general statement that sets the stage for the argument

(2) Minor Premise: A specific statement that relates to the major premise

(3) Conclusion: The logical outcome of combining the two premises

Major premise contains the major term (predicate of the conclusion) and the middle
term. Minor premise contains the minor term (subject of the conclusion) and the
middle term. Conclusion contains the minor term and major term. The middle term
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appears in both premises but not in the conclusion and is what links the two
extremes.

Example:

Major premise: All humans are mortal.
Minor premise: Socrates is human.
Conclusion: Therefore, Socrates is mortal.

The Categorical Propositions

Aristotle’s system is built on four types of categorical sentences or
propositions, classified based on quantity (universal/particular) and quality
(affirmative/negative):
1. A (Universal Affirmative): All S are P. Example; All humans are mortal.
2. E (Universal Negative): No S are P. Example; No humans are perfect.
3. I (Particular Affirmative): Some S are P. Example; Some humans are wise.
4. O (Particular Negative): Some S are not P. Example; Some humans are not wise.
These are the A, E, I, O forms. Aristotle also recognizes indefinite propositions like “S
is P,” but they are not central to the syllogism. The four forms stand in relations as
Aristotle spells out in De Interpretatione. A and O propositions are contradictories, E
and I propositions are contradictories, A and E propositions are contraries, I and O
propositions are subcontraries, A proposition entails I proposition, and E proposition
entails O proposition (subalternation).

To ensure a valid conclusion, certain rules must be followed:

1. The number of terms cannot be more or less than three. This means that the
syllogism should only have three terms: S, P, and M.

2. Both premises cannot be negative. If both premises are negative, the conclusion
will be invalid.

3. If one premise is particular, the conclusion must be particular. A particular
premise leads to a particular conclusion.

4. If one premise is negative, the conclusion must be negative. A negative premise
results in a negative conclusion.

Moods and Figures

The mood of a syllogism refers to the type of propositions it contains,
classified based on their quantity which must be either universal or particular, and
quality which must be either affirmative or negative, while the figure of a syllogism
refers to the arrangement of the terms in the premises, specifically the position of the
middle term. In other words, the position of the middle term determines the figure of
the syllogism. A syllogism contains three terms: major (P), minor (S), and middle
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(M). Depending on the position of M, there are four figures. In the first figure, the
middle term is the subject of the major premise and the predicate of the minor
premise.

For example, the syllogism;

i. All humans are mortal (Major premise)

ii. All Greeks are human (Minor premise)

iii. Therefore, all Greeks are mortal (Conclusion)

The middle term is “humans”, which appears as the subject of the major premise and
the predicate of the minor premise. This is an example of a syllogism in the first
figure.

In the second figure, the middle term is the predicate of both the major premise and
the minor premise.

For example, the syllogism;

i. All humans are mortal (Major premise)

ii. No angels are mortal (Minor premise)

iii. Therefore, no angels are humans (Conclusion)

The middle term is “mortal”, which appears as the predicate of the major premise as
well as the predicate of the minor premise. This is an example of a syllogism in the
second figure.

In the third figure, the middle term is the subject of both the major premise and the
minor premise.

For example, the syllogism;

i. All teachers are graduates (Major premise)

ii. Some teachers are farmers (Minor premise)

iii. Therefore, some famers are graduates (Conclusion)

The middle term is “teachers”, which appears as the subject of the major premise and
the subject of the minor premise. This is an example of a syllogism in the third figure.
In the fourth figure, the middle term is the predicate of the major premise and the
subject of the minor premise.

For example, the syllogism:

1. Some farmers are graduates (Major premise)

2. All graduates are hardworking people (Minor premise)

3. Some hardworking people are farmers (Conclusion)

The middle term here is “graduates”, which appears as the predicate of the major
premise and the subject of the minor premise. This is an example of a syllogism in
the fourth figure.
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Each figure has its own set of valid moods, and Aristotle provided rules to
determine the legitimacy of syllogisms in each figure. Aristotle states the conditions
under which any syllogism is valid in each of the figures. On this point, Aristotle in
his Prior Analytics states:

If then the terms are universally related, it is clear in this figure
when a syllogism will be possible and when not, and that if a
syllogism is possible the terms must be related as described, and if
they are so related there will be a syllogism. But if one term is
related universally, the other in part only, to its subject, there must
be a perfect syllogism whenever universality is posited with
reference to the major term either affirmatively or negatively, and
particularity with reference to the minor term affirmatively: but
whenever the universality is posited in relation to the minor term,
or the terms are related in any other way, a syllogism is impossible.
(Aristotle, 25a40-50)

Using the above, Aristotle explains how validity can be proved basically in the first
tigure. The four figures can be presented as follows:

Ist M-P,S-M .. S-P AllMareP, AllSare M .". All S are P

2nd P-M,S-M .. S-P NoPareM, AllSare M .. NoSareP

3rd M-P,M-S..S-P AllMareP, All MareS .. SomeS are P

4th P-M,M-S..S-P SomeP areM, AllM areS .". Some S are P

The mood of a syllogism is determined by the combination of these proposition types
in the premises and conclusion. In other words, given that a syllogism is made up of
three propositions; the major premise, the minor premise, and the conclusion, the
combination of these three propositions determines the mood of the syllogism with
consideration to the types of the propositions. For example, a syllogism with two
universal affirmative premises and a universal affirmative conclusion would be in
the mood AAA. Now, let us consider an example of a syllogism in the mood AAA,
for example:

1. All humans are mortal.

2. All Greeks are human.

3. Therefore, all Greeks are mortal.

In the above example:

The major premise is "All humans are mortal" (A proposition)
The minor premise is "All Greeks are human" (A proposition)
The conclusion is "All Greeks are mortal" (A proposition)
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This is a typical example of a syllogism in the mood AAA.

Consider also the following syllogism in the EAE mood:
1. No reptiles are warm-blooded.

2. All snakes are reptiles.

3. Therefore, no snakes are warm-blooded.

The major premise is "No reptiles are warm-blooded", is an E proposition.

The minor premise is "All snakes are reptiles”, is an A proposition.

The conclusion is "Therefore, no snakes are warm-blooded", is an E proposition.
This is an example of a syllogism in the mood EAE.

Reduction in Aristotle's Syllogistic Logic
Reduction in Aristotle's logic refers to the process of transforming imperfect

syllogisms into perfect syllogisms. A perfect syllogism is one where the conclusion
follows necessarily and obviously from the premises, whereas an imperfect syllogism
requires additional steps to demonstrate its validity. Aristotle in his Prior Analytics
remarks:

I call that a perfect syllogism which needs nothing other than what

has been stated to make plain what necessarily follows; a

syllogism is imperfect, if it needs either one or more propositions,

which are indeed the necessary consequences of the terms set down,

but have not been expressly stated as premises (Aristotle, 20a30-35).

The primary purpose of reduction is to demonstrate or proof the validity of
imperfect syllogisms by reducing them to perfect syllogisms. This process involves
applying specific rules and axioms, such as those concerning the conversion of
propositions and opposition of propositions. Aristotle employs two main types of
reduction: Direct reduction and indirect reduction. Direct reduction involves
reducing an imperfect syllogism to a perfect syllogism through a series of logical
steps while indirect reduction involves proving the validity of an imperfect syllogism
by showing that its negation leads to a contradiction.

One example of reduction is the conversion of the imperfect syllogism Cesare
to the perfect syllogism Celarent. Reduction plays a crucial role in Aristotle's
syllogistic logic, as it enables him to demonstrate the validity of various syllogisms
and establish a systematic approach to logic. By reducing imperfect syllogisms to
perfect ones, Aristotle can show that the conclusions of these syllogisms follow
necessarily from their premises. And by understanding reduction in Aristotle's logic,
we can gain insights into his approach to logical reasoning and argumentation,
which remains influential in philosophy and logic to this day.
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Key Features of Aristotle’s System

a. Term Logic, Not Propositional Logic

Aristotle’s logic is a logic of terms, not sentences. Predication is analyzed as term-
linking, not as function-application. “All S are P” relates two terms, S and P, not a
propositional function. Thus, Aristotle treats individual predications and general
predications as similar in logical form..

b. Existential Import

The validity of subalternation (A—1I) and of moods like Darapti (AAI-3) requires that
universal statements have existential import: “All S are P” implies “Some S exist.”
Modern logic translates A as Vx(Sx — Px), which is true when S is empty,
invalidating A—1. Thus, syllogism presupposes non-empty terms.

c¢. Metatheoretical Orientation

Jonathan Lear (1980) argues that Aristotle’s primary goal is not to offer a practical
guide to argumentation but to study the properties of inferential systems themselves.
Evidence includes his completeness claim—that every deduction can be analyzed
into syllogisms—and his distinction between perfect and imperfect proofs. In this
sense, Aristotle’s work in the Prior Analytics is the first work in proof theory.

Limitations of Aristotle’s Syllogistic Logic

Aristotle’s syllogism was the dominant logic for over 2,000 years. Yet from the
perspective of modern formal logic, it has well-defined boundaries. However, it must
be stated here that its limitations are not defects but consequences of deliberate
design choices. Aristotle optimized for proof-theoretic transparency and decidability,
not maximal expressivity. Understanding these limits clarifies why Fregean predicate
logic superseded it and why contemporary description logics deliberately return to
syllogistic-style fragments. We shall be looking at these limitations from three
perspectives namely: expressive limitations, structural and metatheoretical
limitations, and philosophical and pragmatic limitations.

1. Expressive Limitations: Syllogism handles only unary predicates of the form “S is
P.” It has no machinery for binary relations. Thus, it cannot formalize statements like
“Every boy loves some girl” or “Okon stabbed Effiong.” These require relations L(x,y)
and S(x,y) with multiple variables and nested quantifiers (Smith, 2020). Relational
reasoning which is central to mathematics, science, and most everyday inference, is
outside the system.

Again, syllogism does not handle multiple or nested quantifiers. Syllogistic
quantifiers are “all,” “no,” “some” attached to terms, not operators binding variables.

el
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There is no way to express Vx3y or JyVx scopes. Consequently, it cannot
distinguish:

a. “Every boy loves some girl” — Vx[Boy(x) = 3y(Girl(y) A Loves(x,y))]

b. “Some girl is loved by every boy” — 3 y[Girl(y) A Vx(Boy(x) = Loves(x,y))]

This is why Smith (2020) comments that very few would try to maintain that
syllogism is adequate as a basis for understanding science, mathematics, or even
everyday reasoning.

Syllogism has no singular terms as such. Aristotle treats individual
predications and general predications as similar in logical form. For instance,
“Socrates is mortal” is not a distinct form in Aristotle’s system. Singular propositions
are treated as universals with a singleton term: “All Socrates are mortal.” This
conflation creates problems for modern semantics and blocks reasoning that mixes
general and singular claims cleanly. Syllogism does not use propositional
connectives. Syllogism lacks A, v, =, = as sentential operators. Negation appears only
within categorical forms: E = “No S are P” and O = “Some S are not P.” You cannot
form “If all S are P, then some Q are R.” Hypothetical syllogisms were studied by
Stoics and later logicians, not Aristotle. The system may therefore be seen as not
being truth-functionally complete.

Subalternation A—I and third-figure moods like Darapti (AAI-3) are valid
only if universal statements have existential import: “All S are P” implies “Some S
exist.” In modern first order logic, Vx(Sx — Px) is vacuously true when S is empty,
so A—I fails. Syllogism thus builds an ontological commitment into the logic itself.
When we deny that commitment, several moods become invalid (Strawson, 2021).

2. Structural and Metatheoretical Limitations: Syllogism has no direct proof of
inconsistency or incompleteness. Aristotle uses reductio to reduce imperfect moods to
perfect ones, and he shows that certain premise-pairs yield no conclusion. But he
gives no general method to prove that the system itself is consistent or complete.
Those metatheoretic results required 20th-century tools. Lukasiewicz (1957)
axiomatized syllogism and Corcoran (1972) proved it complete for a semantics with
non-empty terms, but that completeness is relative to a restricted language. It is not
complete for first order logic.

Syllogism cannot handle mathematical reasoning. Because it lacks relations,
functions, and identity, syllogism cannot formalize arithmetic, algebra, or geometry.
Euclid’s Elements, though contemporaneous, uses diagrammatic and relational
inferences that syllogistic cannot capture. Syllogism is a limited modal logic.
Aristotle’s modal syllogism is the first modal logic, but it is de re (of a thing) and
term-based, not de dicto (of a statement) and proposition-based. It validates some
questionable mixes, for example, from “All humans are necessarily animals” and
“Some white things are humans” inferring “Some white things are necessarily

10
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animals.” Modern Kripke semantics avoids these by separating modal operators
from predicate structure (Hughes, 1963).

3.Philosophical and Pragmatic Limitations: Aristotle intended syllogism for
demonstrative science, deriving essential properties within a genus. But post-
Galilean science relies on mathematical relations, functions, and measurement.
Syllogism cannot express “F = ma” or “The rate of change of y depends on x.” Thus,
it became inadequate as science mathematized. Syllogism is inflexible with empty
terms. Modern ontology engineering often needs to reason about classes that may be
empty: Unicorn L (Mythical Being). Syllogistic validity fails if terms can be empty.
Description logics handle this by making concept satisfiability an explicit check,
separating it from subsumption (Baader, 2007). Aristotle’s system bakes existential
import in, making it fragile.

However, the limitations of syllogism are not oversights; they are design
choices. By restricting language to monadic categoricals with existential import,
Aristotle achieved a system that is sound, complete, decidable, and proof-
theoretically transparent. The cost was expressive power. Modern logic reverses the
trade-off. First order logic gains expressivity but loses decidability and surveyability.
Contemporary description logics consciously return to the syllogistic strategy —limit
expressivity to regain tractability. Thus, Aristotle’s limitations illuminate a general
principle that logical adequacy is multidimensional. No system maximizes all virtues.
The best logic for a task is the one whose limitations match the task’s requirements.

Contemporary Formal Logic

Contemporary formal logic is the study of deductive reasoning using precisely
defined artificial languages, rigorous syntax, and mathematical semantics. It emerged
from the 19th-20th century Fregean revolution and now comprises a family of
systems that extend far beyond Aristotle’s syllogistic logic. While classical first-order
predicate logic remains central, the field is characterized by pluralism in which
multiple logics are developed for different purposes, mathematics, computer science,
linguistics, philosophy, and Artificial Intelligence (AI).

Core Features of Contemporary Formal Logic

1. Formal Languages

A formal logic defines a language with:

(i) Syntax: Recursive rules for well-formed formulas using symbols for connectives (-,
A, V, =, €>), quantifiers (V, 3), variables, constants, functions, and predicates.

(ii) Deductive system: Axioms and/or inference rules that specify which well-formed
formulas are derivable. Major styles are Hilbert systems, natural deduction, sequent
calculus, and tableaux (Troelstra and Schwichtenberg, 2000).

11
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(iii) Semantics: A mathematical interpretation that assigns meaning. For classical
logic this is Tarskian model theory: structures, assignments, and satisfaction.

The separation of syntax and semantics, and the study of their relationship via
soundness and completeness theorems, is a hallmark of modern logic.

2. The Classical Baseline: Propositional and First-Order Logic

(i) Propositional Logic: It studies truth-functional connectives. It is decidable, truth-
table complete, and has linear-time proof checking.

(i) First-Order Predicate Logic: It adds quantifiers over individuals, predicates of any
arity, and function symbols. First-order logic can formalize arithmetic, set theory,
and much of mathematics. It is sound and complete. First-order logic became the
lingua franca of mathematics because it is expressive enough for most mathematical
reasoning while retaining good metatheoretic properties.

Defining features of contemporary logic include logical pluralism and logical
engineering. By logical pluralism it means that no single logic is absolutely correct
for all purposes. Beall and Restall (2006) argue that consequence is schematic;
different precisifications yield different logics. Classical, intuitionistic, and relevant
consequence are all legitimate. By logical engineering it means that contemporary
formal logic design systems to balance expressivity, tractability, and cognitive
naturalness. Aristotle’s syllogistic logic is sound, complete, and decidable for a
monadic fragment; first-order logic is expressive but undecidable. Description logics
choose a middle path for ontologies. Another theme is proof-theoretic semantics
which entails that meaning is given by rules of use, not truth conditions. This is
central to inferentialism. Thus, contemporary formal logic is a mathematically
mature, pluralistic discipline that studies formal languages, deductive systems, and
their semantics. From Frege’s predicate logic and Hilbert’s proof theory to Kripke’s
possible worlds and Girard’s linear logic, it has expanded from a foundation for
mathematics to a toolkit for computer science, Al, linguistics, and philosophy. Its
core insight, already visible in Aristotle, is that reasoning itself can be the subject of
exact science. Aristotle shares with modern logicians a fundamental interest in
metatheory. The difference is that we now have dozens of formal systems,
completeness theorems, ordinal analyses, and a deep understanding of trade-offs
between expressivity and tractability. Logic is no longer one canon but a space of
designs, chosen to fit the task.

Implications of Aristotle’s Syllogism for Contemporary Formal Logic

Aristotle’s syllogistic logic, presented in the Prior Analytics, is more than a
historical artifact. It is the first formal deductive system, and its design choices,
successes, and limitations directly shape how we build, evaluate, and use logical
systems today. The implications fall into four main areas: metatheory and proof

12
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theory, decidability and computational logic, logical pluralism, and natural
language/cognitive modeling.

1. Metatheory and Proof Theory: Aristotle may be seen as the first proof theorist.
He did not merely list valid arguments but also studied the structure of proof itself.
Proof theory is a major branch of mathematical logic that studies proofs as formal
mathematical objects. Instead of focusing primarily on truth, models, or meaning
which are the concerns of model theory and semantics, proof theory asks: What is a
proof? What makes one proof simpler or more canonical than another? Which logical
systems admit effective proof search? It treats deductive systems themselves as
objects of mathematical investigation. Proof theory got instigated by David Hilbert’s
programme in the 1920s, which aimed to establish the consistency of mathematics by
finitary means. Hilbert proposed representing mathematical theories as formal
systems and then studying those systems with mathematical methods. The resulting
discipline is the study of formal proofs as mathematical objects (Troelstra &
Schwichtenberg, 2000). In contemporary terms, proof theory investigates among
other things: structure of proofs, metatheoretical properties, consistency,
completeness, decidability, and complexity. Thus, proof theory is the branch of
mathematical logic which studies the concept of proof and properties of formal
systems (Buss, 1998).

Aristotle distinguished “perfect” syllogisms example, Barbara, and Celarent
— whose validity is self-evident, - from “imperfect” syllogisms that require proof by
means of conversion, reductio ad impossibile, or ecthesis. This reduction of imperfect
moods to perfect ones is a normalization procedure in that, it transforms any
derivation into a canonical form. (Smith, 2020). Jonathan Lear argues that “Aristotle’s
goal is not to offer a practical guide to argumentation but to study the properties of
inferential systems themselves” (Lear, 1980: p. 234). His completeness claim —that
every deduction can be analyzed into syllogisms—makes Aristotle’s work in the
Prior Analytics the first work in metatheory. Gentzen’s 1935 cut-elimination and
normalization theorems for sequent calculus and natural deduction are the direct
descendants of this idea. Aristotle showed that proofs are mathematical objects that
can be transformed and classified. Modern proof theory begins here (Troelstra and
Schwichtenberg, 2000).

2. Decidability: Aristotle’s syllogism is a complete, decidable fragment.
Reconstructed in modern terms, syllogism is sound, complete, and decidable for a
semantics of non-empty terms (Corcoran, 1972; Smiley, 1973). Because there are only
256 possible moods, validity checking is O(1). More generally, the monadic fragment
of first-order logic, which contains syllogism, is decidable. First-order logic is
undecidable (Church, 1936; Turing, 1936). This creates a trade-off. First order logic

13
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can express mathematics, but you cannot always tell if a proof exists. Syllogism can
express very little, but you can always tell. The cost of undecidability led 20th-
century computer science to rediscover Aristotle. They restrict first order logic to
unary and binary predicates, ban full negation in certain positions, and thereby
regain decidability (Baader et al., 2007). These systems are neo-Aristotelian in that
they are decidable, tractable, and explainable. For example, “All humans are mortal”
and “Socrates is human” yield “Socrates is mortal” by the same mechanism as
Barbara. Ontologies in medicine and biology use such reasoning at scale because the
inferences terminate and can be audited. By implication in the face of contemporary
logic, expressive power is not the only virtue. Aristotle’s limitations are design
choices that buy tractability, transparency, and completeness.

3. Logical Pluralism: There Is No “One True Logic”. Compared to first order
logic, syllogism has serious limitations: no relations, no nested quantifiers, no
singular terms, and it presupposes existential import for universals. It cannot
formalize “Every boy loves some girl.” For this reason, Smith posits that “very few
would try to maintain that it is adequate as a basis for understanding science,
mathematics, or even everyday reasoning” (Smith, 2020). Yet, first-order logic pays
for its expressivity with undecidability, lack of finite models for some theories, and
proofs that can be non-surveyable. Syllogistic proofs are always short and
transparent. The comparison shows that logical systems embody design trade-offs.
Aristotle optimized for proof-transparency and decision procedures; Frege optimized
for mathematical expressivity. Contemporary logic accepts pluralism: classical,
intuitionistic, relevant, linear, and description logics are all legitimate because they
optimize different criteria (Beall & Restall, 2006). Syllogism thus refutes the
assumption that more expressive means better. Sometimes the right logic is the
weaker one. This idea underlies modern work on logic-based parameter tuning:
choose the weakest logic that can express your problem, so inference remains feasible.

4. Natural Language, Semantics, and Cognition: Looking at the traditional
square of opposition and natural quantification, Aristotle spells out the relations of A,
E, I, O in De Interpretatione: A and O contradict, A entails I, etc. In first order logic, A
entailment of I (A—I) fails when the subject term is empty. Yet, in natural language,
“All of John’s children are asleep” sounds odd if John has no children. Speakers
presuppose non-empty domains (Parsons, 2021). P. F. Strawson (1952) argues that
natural language quantifiers have existential import, making the traditional square of
opposition valid for ordinary discourse. Modern generalized-quantifier theory treats
“all,” “some,” “no” as term-operators rather than second-order predicates, closer to
Aristotle than to Frege. By implication, syllogistic logic is a better descriptive model
of how humans actually reason with quantifiers. This matters for cognitive science,
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linguistics, and natural language. Systems that aim to mirror human inference often
implement Aristotelian rather than Fregean semantics.

5. Metalogical Insights: With respect to form and contents, Aristotle’s use of letters
like S, M, P to stand for terms is the first use of variables for logical form. He showed
that validity is a matter of form, not content, and every modern formal system
inherits this abstraction. Again, the clash between Aristotelian A—I and first order
logic, reveals that logics embed ontological commitments. Whether “All S are P”
entails existence is a choice. Free logic, many-sorted logic, and description logics
make similar choices explicitly. Aristotle sways us to see that logic is not
metaphysically neutral. More so, in Prior Analytics, Aristotle develops the first modal
logic, where “A necessarily belongs to all B.” While different from Kripke’s de dicto
possible-worlds, it showed that modality can be formalized. Contemporary modal
logic, temporal logic, and deontic logic are its descendants.

In summary, Aristotle’s syllogism implies that logic has always been about the
study of proof, not just truth. Its impact on contemporary formal logic can be viewed
from three aspects. First, historically, it founded metatheory. The idea that
deductions can be normalized, classified, and proved complete begins with Aristotle.
Second, in computation, it demonstrated that restriction buys decidability. Modern
description logics and ontology languages are syllogism’s computational heirs. Third,
philosophically, it established that logical systems are designs. By choosing monadic
categorical forms, Aristotle chose transparency and decidability over expressive
power. Contemporary pluralism recognizes that this is a legitimate, often preferable,
choice. Thus, Aristotle’s syllogism is not obsolete. It is a paradigm of a complete,
tractable logic, and a constant reminder that the best logic for a task is not always the
most powerful one, but the one whose proofs we can understand, trust, and compute.
The Prior Analytics remains required reading not just for historians, but for anyone
who designs formal systems.

Conclusion

Aristotle’s syllogism is not a primitive or failed version of predicate logic; it is
a complete, sound, and decidable proof system for a restricted language of monadic
categorical propositions. Its formal structure, as reconstructed by Lukasiewicz,
Corcoran, and Smiley, exhibits core proof-theoretic properties —normalization, sub-
formula property, and decision procedures—that mark it as the first metatheory of
deduction. Its limitations are real: it cannot express relations, multiple quantification,
or singular reference, and it presupposes existential import. These limitations explain
why it is inadequate for mathematics and science. Yet these same limitations are
virtues in contexts where tractability, transparency, and decidability are required.
The implications for contemporary formal logic are threefold. First, historically,

15



IDEAS: Uniuyo Journal of Philosophy and Multi-Disciplinary Studies Vol. 2, No. 1, SEPTEMBER 2026

syllogistic logic establishes that the study of proof, not just the study of truth, is
ancient, vindicating Lear’s claim about Aristotle’s metatheoretical interest. Second,
computationally, Aristotelian fragments provide models for decidable logics that
power modern ontology engineering. Third, philosophically, syllogism demonstrates
that logical systems embody design choices: choosing a logic is choosing which
inferences to make cheap and which to make possible. Therefore, the critical
examination of Aristotle’s syllogism does not bury it as obsolete but reframes it as
exemplary. It is the first demonstration that deduction can be formalized, and that
formalization involves trade-offs. In an era of pluralism in logic and computation,
Aristotle’s system remains instructive: sometimes the right logic is not the most
powerful one, but the one whose proofs we can survey, trust, and understand.
Syllogism thus retains a place not only in history but in the foundations of logical
design.

References

Aristotle (1989). Prior Analytics. Translated by Robin Smith. Indianapolis: Hackett
Publishing.

Aristotle (1984). De Interpretatione. In The Complete Works of Aristotle, edited by
Jonathan

Baader, Franz, Diego Calvanese, Deborah L. McGuinness, Daniele Nardi, and Peter F.
Patel-Schneider, (2007) eds. The Description Logic Handbook: Theory, Implementation
and Applications. 2nd ed. Cambridge: Cambridge University Press.

Beall, Jc, & Restall, G. (2006). Logical Pluralism. Oxford University Press, Oxford.

Buss, S. R., ed. (1998). Handbook of Proof Theory. Amsterdam: Elsevier.

Corcoran, John (1972). “Completeness of an Ancient Logic.” Journal of Symbolic Logic
37, no. 4: 696-702.

Church, A. (1936). “An Unsolvable Problem of Elementary Number Theory.”
American Journal of Mathematics. 58, no. 2: 345-363.

Hilbert, D., and P. Bernays (1934). Grundlagen der Mathematik, Vol. 1. Berlin: Springer.

Howard, W. A. (1980) “The Formulae-as-Types Notion of Construction.” In To H. B.
Curry: Essays on Combinatory Logic, 479—490. Academic Press.

Hughes, G. E., & Cresswell, M. J. (1996). A New Introduction to Modal Logic.

Jean van Heijenoort, (1967) ed. From Frege to Godel. Cambridge, MA: Harvard
University Press.

Lear, Jonathan (1980). Aristotle and Logical Theory. Cambridge: Cambridge University
Press.

Lukasiewicz, Jan (1957). Aristotle’s Syllogistic from the Standpoint of Modern Formal
Logic. 2nd ed. Oxford: Clarendon Press.

Parsons, T. “The Traditional Square of Opposition.” The Stanford Encyclopedia of
Philosophy, Fall 2026. https://plato.stanford.edu/archives/fall2026.

16



IDEAS: Uniuyo Journal of Philosophy and Multi-Disciplinary Studies Vol. 2, No. 1, SEPTEMBER 2026

Smiley, Timothy (1973). “What is a Syllogism?” Journal of Philosophical Logic 2, no. 2:
136-154.

Smith, Robin. “Aristotle’s Logic.” The Stanford Encyclopedia of Philosophy, Fall 2026
Edition. Edward N. Zalta (ed.).
https://plato.Stanford.edu/archives/fall2026/entries/ aristotle-logic.

Strawson, P. F. (1952). Introduction to Logical Theory. Methuen.

Troelstra, A. S., and H. Schwichtenberg (2000). Basic Proof Theory. 2nd ed. Cambridge:
Cambridge University Press.

Turing, A. M. (1936). “On Computable Numbers, with an Application to the
Entscheidungsproblem.” Proceedings of the London Mathematical Society. 42 (230-
265).

17



	A Critical Examination of Aristotle's Syllogism an
	for Contemporary Formal Logic

