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Abstract

Stoicism was one of the major Hellenistic philosophies, renowned not only for its
ethical teachings but also for pioneering work in logic and epistemology. The Stoic
school, particularly under Chrysippus of Soli (c. 279-206 BCE), developed a formal
propositional logic that in some ways foreshadowed aspects of modern logical systems.’
This paper provides a rigorous comparative examination of Stoic reasoning and logic
vis-a-vis modern logic traditions. We focus on the structure of Stoic logic (including its
syllogistic forms and inference rules; the Stoics’ treatment of logical paradoxes such as
the Sorites (the “heap” paradox) and the Liar, and the philosophical presuppositions
underlying Stoic logic (notably its integration with ontology and determinism). In
contrast, modern logic—particularly as developed by Frege, Russell, and the logical
positivists of the 20th century—emphasizes formal abstraction and symbolic rigor.
The analysis highlights how Stoic logic, though formulated over two millennia ago using
ordinary language, anticipates certain ideas found in modern symbolic logic, while

! https://plato.stanford.edu/entries/logic-ancient/
#:~:text=propositions%2C%20rather%20than%20terms%2C%20as,logic%2C%20and%20made%20some%20additions
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nevertheless differing significantly in purpose and context. In doing so, we shall see
how key Stoic logicians like Chrysippus innovated logical theory, and how these
innovations compare to the work of modern figures such as Gottlob Frege, Bertrand
Russell, and the logical positivist school.

Throughout the paper, a formal academic tone is maintained. Where appropriate, we
include footnote references for further explication or sources, and a complete
bibliography is provided at the end. It should be noted that our knowledge of Stoic logic
comes from fragmentary sources and later reports, since no complete Stoic logical
texts survive from antiquity.? Nevertheless, scholarship has reconstructed a coherent
picture of Stoic logical theory which we draw upon. The goal s to illuminate both the
continuities and divergences between the Stoic logical tradition and the modern logical
paradigms that dominate contemporary philosophical logic.

The Structure of Stoic Logic

Stoic Propositional Logic and Assertibles: The Stoics were the first in Western
philosophy to explicitly formulate a system of propositional logic, taking complete
propositions (assertions) as the basic units of analysis rather than the Aristotelian focus
on terms (subjects and predicates).® In Stoic terminology, a proposition (axioma) is a
declarative statement that can be labeled true or false, such as “Itis day” or “The sea is
vast.” The Stoics confined their logical study to such assertoric sentences, excluding
guestions, commands, or exclamations from the truth-valued propositions.*
Importantly, they introduced the notion of assertibles (lekta in Stoic theory of language)
—the meaning or content of statements which bear truth-values independently of the
utterance. A proposition was seen as a complete lekton (sayable) corresponding to
what is said by an utterance, and it could be true or false. This focus on entire
propositions and their truth-values marks a departure from Aristotle’s term logic, and it
aligns with the modern perspective that logic is fundamentally concerned with relations
among truth-bearing propositions.® Indeed, Chrysippus’ achievements in propositional
logic earned him, even in antiquity, a reputation as one of the greatest logicians. Modern

2 Since none of Chrysippus’s original writings survive intact (only fragments and testimonies in later authors), reconstructions of Stoic logic rely
on sources like Diogenes Laertius, Sextus Empiricus, Cicero, Galen, and others. Modern scholars such as Benson Mates and Susanne Bobzien
have pieced together the Stoic system from these fragments. The picture presented in this paper is based on that scholarly consensus, as
summarized in contemporary analyses.

3 https://plato.stanford.edu/entries/logic-ancient/
#:~:text=achievements%2C%20the%20logician%20Diodorus%20Cronus,Gottlob%20Frege%20are%20especially%20striking

“4The Stoics’ exclusion of non-declarative sentences from logic was a deliberate choice to focus on truth-apt entities. They defined an assertible
(axioma) as something that can be asserted or denied meaningfully (e.g., “Itis day”), and they noted that questions or commands do not have
truth values and thus fall outside the purview of logic proper. This restriction is mirrored in modern logic, which typically also deals only with
declarative sentences (though modern linguistics and philosophy of language have since studied interrogatives and imperatives with other
logical frameworks).

® https://plato.stanford.edu/entries/logic-ancient/#:~:text=displayed%20an%20interest%20in%20sentence, [t%20shares
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commentators have remarked on ‘striking’ parallels between his logical ideas and those
of (as we shall explore in a later section).®

Logical Connectives and Truth-Functional Operators: Central to Stoic logic was an
analysis of how simple propositions can be combined into more complex ones using
logical connectives. The Stoics identified several familiar logical operators, including
conjunction, disjunction, negation, conditional (implication), and biconditional
(double implication). These function much like their modern counterparts in truth-
functional logic:

e Conjunction (AND): A conjunction of two propositions is true if and only if both
component propositions are true. For example, “Itis day and it is warm” is true
only when both “Itis day” is true and “Itis warm” is true (and false otherwise).
This mirrors the modern logical use of A (and) with the same truth-condition.”

e Disjunction (OR): The Stoic inclusive disjunction holds that “$P$ or $Q$” is true
as long as at least one of $P$ or $Q#$ is true. (The Stoics did not consider it
problematic if both disjuncts were true; for instance, ‘Eitheritis cold oritis
windy’ would be true even if both conditions hold simultaneously. They also
recognized an exclusive sense in some contexts (either...but not both), but the
standard form allowed the possibility of both, akin to modern logical “or” in
inclusive sense.

e Negation (NOT): Negation simply inverts the truth-value of a proposition. If $P$ is
true, “not $P$” is false, and vice versa. The Stoics treated negation as an
operation on assertibles, much as modern logic treats the 7 operator.

e Implication (IF...THEN): A conditional proposition “If $P$, then $Q$” (the Stoic
term was a conditional or hypothetical proposition) is considered true exceptin
the case where $P$ is true and $Q$ is false. In other words, they used a material
implication concept: the only falsifying scenario for an implication is a true
antecedent with a false consequent 8. The Stoics debated various subtleties of
conditionals, especially the distinction between merely material implications
and those with a necessary or causal connection between antecedent and
consequent—what they sometimes called ‘genuine’ or ‘natural’ conditionals, but

8 https://plato.stanford.edu/entries/logic-ancient/

#:~:text=c,logic%2C%20and%20made%20some%20additions

7 The Stoic understanding of conjunction is explicitly recorded: an example from Sextus Empiricus notes that a conjunctive assertible is true
only if both parts are true (e.g., “Itis day and it is light” requires truth of each part). This aligns perfectly with the truth table for logical AND in
modern logic.

8 Stoic logicians distinguished different kinds of conditionals. They were aware that a material conditional can sometimes be true “vacuously”
(when the antecedent is false). Philonian conditionals (from Philo of Megara) were basically material conditionals, whereas Diodorean
conditionals had a modal flavor (“it will never be that P is true and Q is false” - a stricter sense). The Stoics tended to adopt Philo’s simpler
criterion for truth of conditionals, at least in Chrysippus’s era. They did discuss that a good conditional should also have a connection between
antecedent and consequent (analytic or causal connection), but formally the truth condition was akin to the modern one.
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in formal terms their usage corresponds closely to the truth-functional “if-then”
of modern logic.

e Equivalence (IF AND ONLY IF): The Stoics described a form of logical
equivalence—later called the bi-conditional—asserting that two propositions
must share the same truth value to be validly connected. For example, ‘A occurs
if and only if B occurs’ is true only when both A and B are either true or false
together. For example: “A occurs if and only if B occurs” is true precisely when
either both A and B are true, or both are false (and false otherwise). This is
exactly the modern logical biconditional, requiring mutual implication of the
propositions.

By delineating these connectives, the Stoics built a toolkit for composing complex
logical statements. Stoic logic was thus truth-functional in spirit: the truth of a
compound statement was determined by the truth of its components and the
connective rules.® In this way, Stoic logic anticipated the truth-table semantics of
propositional logic developed formally in the 19th-20th centuries. However, an
important difference is that Stoic logicians expressed these ideas in natural language
and in philosophical terminology, rather than a specialized mathematical notation. As a
result, Stoic expositions of logic used verbal descriptions (e.g. “Either...or...”, “If...,
then...”) rather than symbols like $\land, \lor, \to$. Nonetheless, the underlying logical
principles align strongly with what we now recognize as propositional calculus.

Stoic Syllogisms and Deductive Argument Forms: The Stoics defined a syllogism as a
deductive argument in which, given certain premises, a conclusion necessarily
follows.™ Unlike Aristotle’s syllogisms, which were based on term relations (like “All A
are B; all B are C; therefore all A are C”), the Stoic syllogisms were built from
propositions and encompass various forms including conditional and disjunctive
structures. In fact, Stoic logic developed what we might call a natural deduction
system based on axiomatic argument forms and inference rules." There were five
basic syllogistic forms deemed indemonstrables, and these served as the
fundamental valid inference schemata.’? According to Diogenes Laertius’ account of

9 Susanne Bobzien (1996) has argued that Stoic logic can be seen as a truth-functional propositional logic, and that Chrysippus had an implicit
truth-table understanding for the connectives. For example, the Stoics knew that a disjunction is false if and only if both disjuncts are false, etc.
The completeness of Stoic propositional logic relative to modern Boolean logic has been investigated, indicating that their five indemonstrables
generated all 24 possible valid syllogistic moods of two premises (which correspond to the truth-functional tautologies in two-premise
arguments).

% The Stoic definition of syllogism (syllogismos) was broader than Aristotle’s. Aristotle restricted syllogisms to a certain form and number of
premises (two premises yielding a conclusion, all categorical). The Stoics defined a syllogism as “that which, from the assumption of certain
propositions, necessarily produces a different proposition (the conclusion)” - effectively an argument where the conclusion follows of
necessity. This is very close to the modern semantic notion of validity. In fact, Chrysippus’s concept of validity could be seen as an early model
of logical consequence: an argument is valid if in all cases where the premises are true, the conclusion is true (implicitly understood). They did
not formalize this with set-theoretic models, but through patterns and reduction.

1 https://plato.stanford.edu/entries/logic-ancient/
#:~:text=In%20terms%200f%20contemporary%20logic%2C,be%20somehow%20transformed%20into%20syllogisms

2The list of five indemonstrables comes primarily from Diogenes Laertius (7.80-81) and Sextus Empiricus (Adversus Mathematicos 8.224-
225). The translation of those descriptions yields the forms we enumerated. Modern scholars point out that these five are exactly the minimal
complete set if one considers classical propositional logic’s axioms in Hilbert-style: e.g., modus ponens is there (1st indemonstrable), modus
tollens (2nd), etc. The Stoics did not use a modus ponens rule per se; rather modus ponens was itself an axiom schema (indemonstrable), and
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Stoic logic, an argument is a syllogism if and only if it is either one of these
indemonstrable forms or can be reduced to them by a series of valid inference
transformations called themata.

The five indemonstrables can be paraphrased in modern terms as follows:™

1. FirstIndemonstrable: Modus Ponens form - If P then Q; P; therefore Q. (From a
conditional and its antecedent, infer the consequent.)’

2. Second Indemonstrable: Modus Tollens form — If P then Q; not Q; therefore not
P. (From a conditional and the negation of its consequent, infer the negation of
the antecedent.)®

3. Third Indemonstrable: Not both P and Q; P; therefore not Q. (From the negation
of a conjunction and one conjunct, infer the negation of the other conjunct.)"’

4. Fourth Indemonstrable: Either P or Q; P; therefore not Q. (From a disjunction
and one disjunct being true, infer that the other disjunct is false.)®

5. Fifth Indemonstrable: Either P or Q; not P; therefore Q. (From a disjunction and
the negation of one disjunct, infer the other disjunct.)'

These forms were regarded as self-evidently valid and needed no further proof—hence
“indemonstrable.” They correspond to standard argument forms recognized today as
basic valid inferences (modus ponens and tollens, etc., plus two valid disjunctive
syllogism forms and a conjunction-elimination form). Each indemonstrable was
described in a meta-linguistic way by the Stoics (for example: “an argument that has a
conditional as first premise and the antecedent of that conditional as second premise,
and as conclusion the consequent of that conditional” defines the first
indemonstrable).?

they would apply a thema (like a cut rule) to insert premises and derive conclusions. This is a bit different from Hilbert systems where modus
ponens is a rule used on axioms to derive theorems. In Stoic logic, all five basic forms have equal status as syllogistic forms.
13 https://plato.stanford.edu/entries/logic-ancient/
#:~:text=01%20the%20four%20themata%2C%200nly,in%20its%20basic%20form%2C%20was

14 https://plato.stanford.edu/entries/logic-ancient/
#:~:text=0ne%200f%20the%20disjuncts%20the,its%20disjuncts%20the%200ther%20disjunct

1% https://plato.stanford.edu/entries/logic-ancient/

#:~:text=,contradictory%200f%20the%200ther%20disjunct

1 |bid.

7 |bid.

18 https://plato.stanford.edu/entries/logic-ancient/
#:~:text=conjunction%20and%200ne%200f%20the,its%20disjuncts%20the%200ther%?20disjunct

2 bid.

20 https://plato.stanford.edu/entries/logic-ancient/

#:~:text=0f%20the%20forms%200f%20the,80%E2%80%931
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To illustrate, consider a Stoic syllogism example:
e Premise 1: Ifitis day, then itis light.
e Premise 2: Itis day.
e Conclusion: Therefore, itis light.

This fits the pattern of the firstindemonstrable (modus ponens) and is clearly a valid
argument - if both premises are true, the conclusion must be true. Another example:

o Premise 1: Either the number is odd or even.
e Premise 2: The number is not odd.
o Conclusion: Therefore, the number is even.

This matches the fifth indemonstrable form (disjunctive syllogism). The Stoics would
consider the argument formally valid by virtue of its form, regardless of content.

In addition to these axiomatic forms, the Stoics employed four inference rules known
as the themata (literally “themes” or “lesson rules”) to derive more complex syllogisms
from the indemonstrables.?' These themata allowed one to transform or reduce a given
argument step by step until it decomposed into one or more indemonstrable forms,
thereby proving its validity. For example, the first thema was a kind of transposition rule
(an early form of the antilogism principle): it stated that if from propositions Aand B a
proposition C follows, then from one of those propositions (say A) together with the
negation of the conclusion (not C), one can infer the negation of the other proposition
(not B).22 This rule is comparable to a proof by contradiction or contrapositive reasoning
in modern terms. Another thema corresponded to a cut rule, enabling introduction of
intermediate conclusions: if C follows from A and B, and D follows from C and an
additional premise, then D follows from A, B and that additional premise.?® By iteratively
applying themata, Stoic logicians could handle complex arguments involving multiple
steps, effectively building a natural deduction proof backward until reaching basic
forms 24, The Stoic system thus had the capability to deal with arbitrarily complex
propositional arguments, much as modern systems like natural deduction or sequent
calculi do. Some scholars have noted that the recursive structure of Gentzen’s sequent
calculus bears formal similarities to the layered reasoning of Stoic logic).?®

2 https://plato.stanford.edu/entries/logic-ancient/
#:~:text=consists%200f%20five%20kinds%200f,be%20somehow%20transformed%20into%20syllogisms
2 https://plato.stanford.edu/entries/logic-ancient/
#:~:text=01%20the%20four%20themata%2C%200nly,in%20its%20basic%20form%2C%20was

2 https://plato.stanford.edu/entries/logic-ancient/
#:~:text=This%20is%20an%20inference%20rule,thema%2C%20in%200ne%20formulation%2C%20was
2% https://plato.stanford.edu/entries/logic-ancient/
#:~:text=can%20be%20reduced%20by%20the,a%20third%20indemonstrable%20as%20follows

% https://plato.stanford.edu/entries/logic-ancient/#:~:text=5
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It is worth noting that Stoic syllogistic was not limited to two-premise arguments;
arguments of greater complexity could be validated via reduction to the basic patterns.
The Stoics explicitly acknowledged that some arguments are valid in fact even if not
obviously of syllogistic form, and those could be transformed into syllogistic form by
these reduction rules.?® In this way, Stoic logic had a broader scope than Aristotelian
syllogistic, encompassing non-categorical inferences, and is widely recognized as
among the earliest attempts at a systematic approach to propositional deduction in
Western thought.

Dialectic and the Role of Logic in Stoicism: The Stoics often used the term dialectic to
refer to the study of argument, encompassing what we call logic, along with semantics
and epistemology. In the Stoic division of philosophy, logic (including dialectic) was one
of the three fundamental branches, equal in status to physics and ethics.?’ Thisis a
significant philosophical position: for the Stoics, mastery of logic was essential to
achieving wisdom and excellence. Logic was not merely a technical tool for
mathematics or debate; it was intimately connected to understanding the nature of
reality and correct reasoning about how to live. Cleanthes, one of the prominent Stoic
philosophers, offered a metaphor likening philosophy to a living organism: logic as the
bones and sinews providing structure, ethics as the flesh, and physics as the soul—thus
emphasizing the integral role of logical theory within the philosophical system.?® This
holistic integration stands in contrast to Aristotle’s followers in later antiquity who
tended to consider logic as an instrument (organon) rather than an intrinsic part of
philosophy.?° The Stoic view made logical theory a cornerstone of their system —a
science of correct thinking and argumentation that underpins knowledge in all domains.

Within Stoic dialectic, besides formal logic, they also included the study of language
(grammar) and epistemology. The Stoics analyzed linguistic phenomena such as
ambiguity, etymology, and parts of speech, and they articulated a sophisticated
semantic theory (including the concept of lekta mentioned above). They distinguished
between signifiers (spoken or written words), lekta or ‘sayables’ (the propositional
content or meaning), and the actual external objects or events being referred to. This
tripartite model anticipates later distinctions in analytic philosophy between syntax

% https://plato.stanford.edu/entries/logic-ancient/
#:~:text=either%20is%20an%20indemonstrable%200r,be%20somehow%20transformed%20into%20syllogisms

27 The division of philosophy into Logic, Physics, and Ethics is a hallmark of Stoicism (early Stoics like Zeno and Chrysippus emphasized this).
Stoic logic included dialectic (logic, language, epistemology) and also sometimes they include rhetoric (the communicative aspect). An
amusing analogy from an early Stoic (maybe Zeno or Chrysippus) is that philosophy is like an egg: logic is the shell, ethics the yolk, physics the
white; or like a fertile field: logic is the fence, physics the soil and trees, ethics the fruit. Each analogy tries to express the interdependence but
also the protective/enabling role of logic (shell or fence) for the more directly life-affecting parts like ethics (fruit) (Diogenes Laertius 7.40).

2 The Aristotelian school argued about whether logic is a part of philosophy or merely an instrument. The Stoics took it as a part, essential to
the whole; the Peripatetics (Aristotelians) like Aristotle himself and Theophrastus seemed to treat the study of logic more as a toolkit for
philosophical inquiry (hence calling the collection of logical works the Organon, i.e., “instrument”). The Stoic view elevated logic’s status to one
of the three pillars of philosophy. This arguably gave Stoics more impetus to innovate in logic than the Aristotelian tradition did after Aristotle.
2 https://plato.stanford.edu/entries/aristotle-logic/
#:~:text=In%20fact%2C%20the%20title%200rganon,works%20should%20be%20added%20the
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(signs), semantics (meaning), and reference (denoted entities).° Stoic dialecticians
were very much concerned with how language expresses truth and how errors in
language use can lead to errors in reasoning. This broad conception of logic/dialectic as
encompassing semantics and cognitive impressions is different from the narrower
scope of modern formal logic (which typically abstracts away from natural language
nuances). We will later discuss how this difference in scope reflects differing
philosophical presuppositions.

In summary, the structure of Stoic logic comprises a remarkably advanced
propositional calculus built on logical connectives, formalized valid argument
schemata (indemonstrables), and meta-rules for deduction (themata). It aimed to
provide a complete account of deductive validity for assertions about the world. While
expressed in different terminology, many elements of Stoic logic find analogues in
modern logic systems. The Stoics even toyed with ideas that resemble quantification:
for instance, they treated universal statements as conditionals (“All $F$ are $G$” was
understood along the lines of “If something is $F$, then it is $G$” "), effectively an
approach to generality that predates modern predicate logic (and indeed, historians
note that Stoics like Chrysippus “began the development of predicate logic.”). However,
Stoic logic did not reach the level of a quantified formal language with variables and
scope as in Frege’s system—it remained primarily a logic of propositions and perhaps
relational predicates expressed through conditionals. The next sections will examine
how the Stoics applied this logical framework to tackle famous paradoxes, and how all
of this compares to the evolution of logic in the modern era.

Stoic Treatment of Paradoxes

The Stoics’ enthusiasm for logic went hand-in-hand with a fascination for logical
paradoxes and fallacies. Chrysippus and other Stoic dialecticians actively studied
these puzzles, seeing them as tests of the consistency and resilience of their logical
system. Two paradoxes in particular — the Liar and the Sorites — garnered significant
attention in Hellenistic times. The Stoics classified such paradoxes as aporiai
(unsolvable puzzles) and expended considerable effort in diagnosing them. Let us
examine how Stoic logic engaged with these challenges, and the solutions or positions
the Stoics offered. This will set the stage to later compare with how modern logicians
approach the same issues.

30 The Stoic theory of language distinguished signifier (the uttered word or sound), signified (lekton), and referent (the object or event). For
example, the word “Dion” (signifier) signifies the lekton “Dion” (a meaning, which in this case is a perhaps a proper name’s sense), and refers to
the actual person Dion if he exists. They also distinguished different types of lekta: propositional lekta (assertibles) vs incomplete lekta (like
predicates needing a subject). This has parallels to Frege’s distinction of sense and reference: Frege’s “sense” of a sentence is essentially the
proposition (which Stoics would call the lekton, capable of truth or falsity), and the “reference” of a sentence Frege takes as a truth value in his
system (Stoics wouldn’t say a lekton refers to a truth-value, but they did say a true lekton is a truth, almost a thing in itself). The similarities have
been studied in detail (see Surovtsev & Gabrusenko 2019 on lekton vs Frege’s Sinn).

31 https://plato.stanford.edu/archlves/spr2015/entries/stoicism/
#:~:text=ways%200f%20appearing%20in%20the,Sextus%20Empiricus%2C%2030I
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The Liar Paradox: The classic Liar paradox is attributed to Eubulides (4th century BCE)
and was well known by the Stoics. In one formulation it is the sentence “This statement
is false.” If the statement is true, then as it says, it must be false — a contradiction. Ifitis
false, then what it says is the case (it is false), which would mean it is true — again a
contradiction. Thus, the Liar sentence seems to be neither true nor false, undermining
the principle of bivalence (that every declarative sentence has one of these truth
values). The Stoics were strong proponents of bivalence and the law of excluded middle
(in no small part due to their deterministic worldview, as we will discuss), so the Liar
paradox posed a serious challenge to their logical theory.*?

Chrysippus himself grappled with the Liar. According to later reports, he may have
offered a subtle resolution maintaining bivalence by suggesting the Liar statement is
ambiguous or equivocal.® The account in the Ancient Logic summary is that
Chrysippus saw an ineliminable ambiguity in the sentence “l am speaking falsely” when
stated in isolation.®* Interpreted one way, the sentence effectively asserts “l am falsely
saying that | speak falsely” — call this proposition (i). Interpreted another way, it asserts
directly “l am speaking falsely” — call that (ii), the content it seems to have. These two
interpretations (i) and (ii) cannot both be true at once, and indeed each implies the
negation of the other (if (i) were true, it entails “l am speaking truly,” which contradicts
(ii); if (i) were true, it entails a different proposition (iv) that contradicts (i)).*®* Chrysippus
proposed that at any given time when the Liar utterance is made, exactly one of these
propositions corresponds to what is actually asserted, but it is indeterminate which one
(perhaps arbitrary or context-dependent). Whichever is the operative assertible, it will
turn out to be true while the other is false. Thus, the utterance fails to produce a well-
defined, self-referential proposition; instead, it can be interpreted in two distinct ways,
only one of which can be operative and truth-evaluable in context. In this way, the
Stoics preserved bivalence by denying that the Liar sentence has a well-defined single
truth-value; instead it has two possible readings, one true, one false, and no logical
contradiction arises because one must not treat it as a one-proposition statement.3¢
Essentially, Chrysippus’ approach was to attribute the paradox to a kind of semantic

32 https://plato.stanford.edu/entries/logic-ancient/

#:~:text=Cavini%201993%29,paradoxes%200f%20presupposition%2C%20known%20in

33 The account of Chrysippus’s solution to the Liar is given by sources like Philodemus and later commentators, preserved in an obscure way.
The interpretation followed here is that of Susanne Bobzien (1999) and others who reconstruct Chrysippus’s approach. Not all scholars agree
Chrysippus had a coherent solution, but it’s clear the Stoics put the Liar in the category of insoluble puzzles (aporoi). Chrysippus reportedly
wrote a book On the Liar - indicating its importance to him (Diogenes Laertius lists such a title). The ambiguity solution might not fully resolve
the paradox (some argue it just shifts the problem), but it was an attempt to maintain the consistency of their logic.

34 https://plato.stanford.edu/entries/logic-ancient/

#:~:text=The%20Stoics%20recognized%20the%20importance,%28ii%29%20entails

% https://plato.stanford.edu/entries/logic-ancient/
#:~:text=Chrysippus%20may%20have%20tried%20to,to%20have%20been%20that%20vague

36 By preserving bivalence through ambiguity, Chrysippus essentially said: “For any token utterance of the liar sentence, there are two distinct
assertibles that could be meant; exactly one of them will end up being the content, but we cannot determine which. Whichever it is, that one is
true and the other false, thus there is no contradiction”. This sounds like a form of indeterminacy of meaning - a surprisingly modern idea
(compare some interpretations of quantum mechanics: the sentence’s meaning collapses into one of two possibilities arbitrarily!). The Stoics
didn’t frame it in those terms, but it shows a willingness to question whether a sentence has a definite meaning in self-referential context.
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ambiguity or indeterminacy in self-referential statements, rather than accepting a
truth-value gap or a truth-value contradiction.

It is noteworthy that the Stoic approach to the Liar, as reconstructed, differs from many
modern solutions but has some kinship with the idea of using hierarchies of
statements or context shifts to avoid self-reference (e.g., Tarski’s distinction between
object-language and meta-language also avoids self-referential contradiction, though it
operates within a far more formal semantic framework than that of the Stoics).
Chrysippus’ solution also bears a resemblance to what we might call an inscrutability
of reference strategy: the Liar utterance doesn’t univocally refer to a single proposition
about its own truth. This strategy may be loosely compared to certain modern views that
resolve paradoxes by appeal to contextual shifts or interpretive ambiguity, though
Chrysippus’s approach remains grounded in classical assumptions. While not widely
adopted in contemporary logic (which tends to either assign a non-classical truth value,
or use hierarchies or paraconsistent logic to cope with the Liar), the Stoic attempt
underscores their commitment to classical two-valued logic and their ingenuity in
defending it.

The Sorites Paradox: Another infamous puzzle from antiquity is the Sorites, or “heap”
paradox (from the Greek saorités, “heap”). It arises from the vagueness of predicates -
e.g., the paradox of the heap: one grain of sand is not a heap; adding one grain of sand
to something not a heap will not suddenly create a heap; therefore (by iterative
repetition) no amount of sand can form a “heap.” Similar forms: a man with 0 hairs is
bald; adding 1 hair to a bald man leaves him bald, so by induction no man can be non-
bald. The paradox leverages the lack of a sharp boundary in vague terms (“heap”,
“bald”) to lead to an absurd conclusion by repeated application of a plausible premise
(the tolerance principle that one grain doesn’t make the difference between heap and
non-heap). The Sorites challenges classical logic because it illustrates a tension
between classical inference rules (such as modus ponens) and our empirical or
intuitive classifications of vague terms (we do think some large number of grains clearly
constitutes a heap). Modern treatments of the Sorites often relax bivalence (introducing
truth-value gaps or degrees of truth), or deny the inductive premise, or embrace fuzzy
logic or supervaluation approaches, etc. What did the Stoics do with the Sorites?

The evidence indicates that the Stoics were well aware of the Sorites and considered it,
like the Liar, to be an insoluble puzzle (aporia) given their system.?” Chrysippus is
reported to have taken an epistemic stance on vagueness: essentially, that there is a
fact of the matter about when a heap becomes a heap (i.e., a grain number at which the
term “heap” first truly applies), but we cannot know it. In practice, Chrysippus
counseled that one should “withhold judgment” once the series gets into doubtful

37 https://philarchive.org/archive/BOBCAT#:~:text=,was%20found%20that%20made
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territory.®® More precisely, Stoic sources (as summarized by a later commentator) say
that Chrysippus held that when you go on adding grains, at some point the sentence
“This is a heap” ceases to express any definite assertible (proposition) — in other words,
a borderline statement has no truth-value-bearing lekton.* Thus, there will be a first
grain count where “heap” becomes true (or bald becomes false, etc.), but for the person
going through the series, it will be obscure or indiscernible where that threshold is.
Therefore, rationally, one should stop answering once the predicate’s application
becomes doubtful — that is, do not continue asserting or denying “is a heap” once you
enter the borderline zone.*’ This way, one avoids actually uttering a proposition that
lacks a truth value. By refusing to affirm or deny in the penumbra of vagueness, the Stoic
logician preserves the principle that every assertible is either true or false, because they
deny that borderline cases yield a genuine assertible at all (if it’s not a clear case, the
statement is not a properly truth-evaluable proposition). In effect, Chrysippus
acknowledged vague predicates but insisted on classical bivalence by saying the
vagueness is epistemic — there js a sharp cutoff (so the logic remains two-valued for the
underlying facts), but we can never know exactly where, and we should suspend
judgment to avoid error.*!

This Stoic view of the Sorites is strikingly similar to the modern epistemic theory of
vagueness (defended by some like Timothy Williamson in the late 20th century) which
holds that vague concepts do have sharp boundaries, albeit unknowable. Chrysippus
even appears aware of higher-order vagueness (the vagueness of the concept of the
boundary itself), as indicated by remarks that he knew it’s obscure to us where the
border starts.*? By stopping “while still on safe ground,” the Stoic reasoner avoids
making a definite statement once the safety of clear truth is gone. The Sorites paradox,
for the Stoics, thus did not lead them to abandon any law of logic; instead, it highlighted
the practical limits of human knowledge and language precision. They treated it as a
cautionary tale about answering beyond one’s epistemic warrant. In Stoic epistemology,
an adequate cognition must have clarity and distinctness; in a Sorites series, once
those are lost, assent should be withheld (this ties into Stoic theories of kataleptic
impressions and certainty). So the upshot is: the Stoics solved the Sorites by an
agnostic or quietist response — do not play the game to the end, since the puzzle
arises only if you insist on giving a firm true/false to every incremental step.

38 https://mountainstoic.com/2016/02/18/logic-sorites-paradox/
#:~:text=Chrysippus%20suggests%20that%20before%20the,This%20prevents%20the

% https://plato.stanford.edu/entries/logic-ancient/

#:~:text=,also%20discussed%20various%200ther%20well

40 https://plato.stanford.edu/entries/logic-ancient/
#:~:text=borderline%20sentences%20uttered%20in%20the,type%20solution%20based%200n%20a

41 Chrysippus’ position on the Sorites is often summarized as an epistemic theory of vagueness: there is a sharp cutoff (so no violation of
excluded middle in reality), but we cannot know it, and statements at the cutoff are not assertible by us with knowledge. The Stoics were
perhaps the first to articulate that one should halt before a borderline - a direct way to avoid forced-march Sorites paradox. This is recorded for
example in Plutarch’s Moralia, where he says Chrysippus advised silence when questions become indeterminate.

42 https://plato.stanford.edu/entries/logic-ancient/
#:~:text=borderline%20sentences%20uttered%20in%20the,type%20solution%20based%200n%20a
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Other Paradoxes and Fallacies: The Stoics analyzed many other puzzles - for instance,
the “Horned” paradox (“Have you lost your horns?” — a tricky question that leads one to
seem to admit having horns) which is a case of a complex question or presupposition
trick. Stoic logicians offered what we’d call a scope distinction solution, similar to how
Russell in modern times would handle a propositional ambiguity: they pointed out a
hidden ambiguity in the negation or the question’s presuppositions.*® In the Horned Man
paradox (“What you haven’t lost, you have; you haven’t lost horns; so you have horns”),
the Stoics resolved it by showing the equivocation in “having lost” and the scope of
negation.** This anticipates modern logical analysis of such fallacies by clarifying logical
form (Russell’s theory of descriptions and analysis of fallacies of ambiguity serve a
similar aim in a later era).

The Stoics also catalogued numerous fallacies (sophisms) and taught methods to
refute them. Chrysippus in particular wrote several works on refutations and puzzles
(titles like Logical Investigations are attributed to him). They saw these exercises as
valuable for training in logic and for fortifying their system against inconsistency. The
Stoic school insisted that detecting fallacies (such as the fallacy of equivocation, as
illustrated by the feathers example in the text: “Feathers are light; what is light is not
dark; therefore, feathers are not dark’—a fallacy that hinges on the equivocation
between two meanings of ‘light’: one referring to weight, the other to brightness. The
Stoics analyzed such arguments to reveal how linguistic ambiguity can make a formally
valid structure yield a false or meaningless conclusion. By analyzing such cases, Stoics
demonstrated how a seemingly plausible argument can collapse once the ambiguity or
logical flaw is exposed. Their methods for analyzing invalid arguments—such as using
counterinstances—prefigure certain strategies employed in modern logic, though
without the formal apparatus of truth tables or symbolic notation. For instance, one
could refute the feathers syllogism by pointing out a counter-instance where the
premises are true (“feathers are light [weight]; whatever is light [bright] is not dark”) but
the conclusion “feathers are not dark” is false or nonsensical — revealing the shiftin
meaning of "light".*®

In sum, the Stoics approached paradoxes and fallacies both as a theoretical challenge
and as a didactic tool. The Liar and Sorites pushed them to refine the notions of truth,
ambiguity, and assertibility. Their responses consistently aimed to uphold classical
logic (bivalence, non-contradiction, etc.) by diagnosing the paradoxes as arising from
language misuse or epistemic limitation, rather than abandoning logical laws. This
approach reflects the broader Stoic philosophical outlook, which emphasized the

3 https://plato.stanford.edu/entries/logic-ancient/

#:~:text=assertible%20corresponding%20t0%20them%29,Bobzien%202012

“ Ibid.

% The example “Feathers are light (weight); what is light (bright) has no darkness; therefore feathers have no darkness” is given in modern
retellings of a Stoic example of the fallacy of equivocation. The Stoics catalogued such fallacies in order to teach students how to detect them.
Chrysippus wrote a work On False Reasoning which likely discussed these. This systematic attention to fallacies is analogous to Aristotle’s
Sophistical Refutations, but the Stoics contributed additional insight, especially for verbal ambiguities and tricky conditional arguments.
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coherence and rational order of the cosmos, and sought to preserve logical consistency
rather than revise foundational principles. Next, we will see how this contrasts with
modern developments: in modern logic, paradoxes like the Liar and Sorites led some to
alter logical principles or develop non-classical logics (e.g., many-valued logics for
vagueness, or hierarchy of languages for self-reference). The Stoics’ solutions,
interestingly, have their echoes in certain modern theories but also highlight how the
ancient context (with its union of logic and epistemology) differs from the typically more
formal and mathematically-influenced modern approaches.

Comparison with Modern Logic Traditions

Having examined the core features of Stoic logic, we now turn to a structured
comparison with modern symbolic logic—primarily the formal systems developed from
the late 19th century onward by figures such as Frege, Peirce, and Boole, and later
refined by Russell, Whitehead, and the logical positivists. By “modern logic,” we refer
chiefly to the symbolic, mathematical logic inaugurated by figures like Frege, Peirce, and
Boole, refined by Russell, Whitehead, and others, and the later traditions such as
logical positivism that relied on this new logic. The contrast will be drawn along several
dimensions: formalism and notation, scope (propositional vs predicate), rigor and
completeness, paradox handling, and philosophical motivations/contexts. This will
highlight both surprising parallels (some noted already, such as similarities between
Stoic propositional logic and Frege’s propositional calculus) and important divergences
(such as the role of metaphysics in Stoic logic versus its role in modern logic).

Formalism and Notation: One of the most visible differences is that modern logic is
highly formalized and uses a special symbolic language, whereas Stoic logic was
formulated in natural language with only minimal formal notation (they sometimes used
ordinal numbers as schematic placeholders, e.g., “the first, the second” in describing
argument forms,*® but not a full symbolic calculus). Gottlob Frege’s 1879 Begriffsschrift
introduced a fully artificial logical notation capable of expressing complex propositions
and quantified statements, something the Stoics never did. Frege’s notation (and later
Peano-Russell notation) uses symbols like $\forall, \exists, \land, \lor, \to, \lnot$ to
abstract logical form from content. The Stoic system, by contrast, was embedded in
ordinary language and conceptual description. For example, Stoic logicians would
articulate a rule as: “If the first, then the second; but the first; therefore the second” ¥,
whereas a modern logician might write: $P \to Q, P \vdash Q$. This difference in
notation meant that modern logic could achieve a level of precision and complexity
(especially with nested structures and multiple quantifiers) more easily. As a result, the

% https://plato.stanford.edu/entries/logic-ancient/#:~:text=%3E%20Either%20the%201,nd
“7 Ibid.
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scope of expressible arguments expanded in modern logic, facilitating analysis of
mathematics and other domains.

However, in principle the Stoic logical ideas were sound and could be translated into
symbolic form. Indeed, historians of logic have retroactively represented Stoic
schemata in modern symbols to illustrate their correctness.*® The advantage of the
modern approach is clarity and avoidance of ambiguity. The Stoic approach was prone
to the ambiguities of natural language, which they had to guard against (and as we saw,
some paradoxes hinge on such ambiguity). The modern symbolic logic also allows
mechanical or algebraic manipulation. In the mid-19th century, George Boole already
treated logical statements algebraically, and by the early 20th century, logical deduction
could be seen as aformal game with symbols. The Stoic method remained more
semantic and rhetorical: they would “read off” the validity of an argument by comparing
it to known forms or by an informal reductio procedure.

Propositional vs Predicate Logic: Stoic logic was primarily propositional. Modern
logic, beginning with Frege, crucially extends to predicate logic (first-order logic),
which includes quantifiers and relations. This is perhaps the single greatest leap in
modern logic, allowing the formalization of statements about “all” or “some” and the
internal structure of propositions. Aristotle’s logic had a limited form of quantification
(all, some, none in syllogisms), but it was tied to subject-predicate forms and not
integrated with propositional connectives. Stoic logic improved upon Aristotle by
handling conditionals and logical connectives, but it did not have explicit quantifier
symbols or a full theory of predicates with multiple terms. As mentioned, the Stoics
treated universal statements as conditionals (a form of implicit quantification)*® and
possibly had an awareness of existential import in negations of universals, etc., but they
lacked something analogous to the modern $\forall x$ or $\exists x$ notation.*®

In modern logic, Frege showed how to combine the propositional logic with
quantification over variables, yielding a system capable of formalizing mathematical
arguments. For example, a statement like “Every natural number has a successor” can
be symbolized in modern predicate logic, whereas Stoic logic would have had to leave
such a statement in natural language or approximate it with a conditional form (“If $n$
is a number, $n$ has a successor”). The modern approach is far more flexible and
powerful in domains like mathematics. This is why the development of modern
predicate logic is often heralded as the most significant advance in logic since antiquity.

% https://plato.stanford.edu/entries/logic-ancient/
#:~:text=In%20terms%200f%20contemporary%20logic%2C,be%20somehow%20transformed%20into%20syllogisms

“ https://plato.stanford.edu/archlves/spr2015/entries/stoicism/
#:~:text=ways%200f%20appearing%20in%20the,Sextus%20Empiricus%2C%2030I

%0 The claim that Stoics “began the development of predicate logic” likely refers to their treatment of universal statements as conditionals and
perhaps their handling of relational syllogisms (Chrysippus did consider arguments with relational premises, like comparisons). It might also
allude to later Stoics like Galen who tried to integrate categorical and hypothetical syllogisms and added “relational syllogisms” to handle
mathematical proportions. However, the Stoic system never abstracted the notion of a variable ranging over a domain with quantifiers. It was
the medieval logicians and later Frege who fully developed that.
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In fact, one can say modern logic subsumes Stoic logic: the propositional calculus
part of modern logic corresponds closely to Stoic propositional logic (and indeed one
can map the Stoic indemonstrables to tautologies or inference rules in propositional
calculus), but modern logic offers much more beyond that.

To put this in comparative perspective: the Stoics had a system adequate for reasoning
about propositions as wholes, including complex scenarios with conditionals and
disjunctions. Frege’s logic encompassed that and added the ability to reason about the
internal structure of propositions (functions, objects, properties). This allowed modern
logic to serve as a foundation for mathematics (logicism) in a way Stoic logic never
attempted. Stoic logic was never used to derive e.g. number theory or geometrical
truths; it was aimed at analyzing everyday and philosophical arguments stated in
ordinary language.

Completeness and Rigor: Modern logic, particularly through the work of Hilbert, Godel,
and others, developed meta-theorems about systems (completeness, soundness, etc.).
Stoic logic, while rigorous in practice for its time, was not articulated with a metatheory
in the same formal sense. For instance, the Stoics did not have an explicit notion of a
formal proof calculus with axioms and derivation rules in the modern technical sense,
even though their indemonstrables and themata come very close. They did not discuss
properties like completeness (whether their five indemonstrables and themata could
derive all valid inferences) in the way modern logicians do. It is a question for historians
whether Stoic logic was complete for classical propositional logic - modern
reconstructions indicate that the five schemata and four themata likely were complete
for the propositional fragment they aimed to cover. But the Stoics themselves
approached logic more as philosophers than as mathematicians; they were not looking
to prove theorems about their system, but to use the system as a tool for philosophical
discourse and training.

One might say Stoic logic was rigorous in a conceptual sense but not formalized to
the same degree. Modern logic achieved a kind of syntactic rigor that allows one to
algorithmically check proofs. The Stoics still relied on the logician’s skill to see how to
reduce an argument via themata to an indemonstrable form (which could be non-
trivial). They did provide worked examples of reduction,® but there wasn’t a precise
algorithm or strict formal language to do this unambiguously. The difference in rigor is
also evident in how each tradition treats validity: Stoics defined an argument as valid
(sound in their terms) when itis impossible for the premises to be true and the
conclusion false (a semantic notion). Modern logic defines validity similarly but can
also verify it by constructing formal proofs or by truth tables in propositional logic. The
truth-table method (invented by Wittgenstein and Emil Post in 1920s) is conceptually

51 https://plato.stanford.edu/entries/logic-ancient/
#:~:text=can%20be%20reduced%20by%20the,a%20third%20indemonstrable%20as%20follows
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akin to the Stoic evaluation of assertibles, but Stoics did not have a tabular method—
rather, they would rely on known valid patterns and conversion rules.

Despite these differences, it is remarkable how advanced the Stoic logical insights
were, given the gap in time. It took until the 19th century for Western logic to surpass
what the Stoics had done, after logic languished under a narrow Aristotelian syllogistic
focus for so long. In fact, the Stoics’ contributions were largely forgotten orignored in
the intervening centuries, only to be rediscovered by modern historians. This raises an
interesting historical point: Frege, for example, did not know he was treading some
ground already explored by Chrysippus. There has even been speculation (half in jest)
about whether Frege “plagiarized” the Stoics, given the parallels in propositional logic
and semantics,® but the consensus is that Frege arrived at his ideas independently.>®
Nonetheless, comparisons have been drawn: both Stoic logic and Frege’s logic treat
sentences as units with truth values; both distinguish between the form of an argument
and its content; and both count logic as a general study of inference detached from
particular subject matter. These convergences speak to a certain universality of logical
truth that transcends the ages.

Handling of Paradoxes in Modern Logic: Itis illuminating to compare how modern
logic deals with the Liar and Sorites versus the Stoic approach discussed in the previous
section. The Liar paradox, in the modern context, became a central problem in logic and
the foundations of semantics. Instead of an ambiguity resolution, the dominant
approach in the 20th century was Tarski’s theory of truth, which essentially says a
language cannot contain its own truth predicate without contradiction; thus one
introduces a hierarchy of meta-languages to avoid the Liar. This is a very different
resolution than Chrysippus’s, but both share an idea of avoiding a single self-referential
statement. Modern alternatives include Kripke’s fixed-point theories that allow the liar
sentence to be neither true nor false (a truth-value gap), and paraconsistent logics that
allow a controlled both-true-and-false status. The Stoics would have rejected those
non-classical moves (neither true nor false, or both) as violating bivalence or non-
contradiction. Instead, they cleverly identified two hidden assertions in the Liar. One
might say the Stoics’ approach anticipates the contextualist approaches where the
truth of the liar can shift depending on perspective (though Chrysippus’s idea of an
arbitrary assignment of truth to one reading is unusual to modern eyes). Ultimately,

52 https://plato.stanford.edu/entries/logic-ancient/
#:~:text=he%20was%20innovative%20in%20a,logic%2C%20and%20made%20some%20additions

%3 Susanne Bobzien’s provocative paper title “Frege plagiarized the Stoics” (2016) is meant to highlight parallels rather than literal historical
influence. There is no evidence Frege had access to detailed Stoic logic sources (those were only unearthed and understood better in the mid-
20th century). At most, Frege might have read some secondary remarks in histories of logic (which in the 19th century often dismissed Stoic
logic due to Aristotle’s long dominance). The similarities are thus seen as largely coincidental or due to the nature of logic itself. Bobzien does
note, however, that if one compares Frege’s Begriffsschrift axioms and Stoic indemonstrables, or Frege’s notion of a thought with Stoic lekton,
the correspondences are striking. It raises fascinating questions about how different cultures/time-periods can converge on similar logical
truths independently.
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modern logic tended to alter the logical system or metalanguage to cope with the Liar,
whereas Stoic logicians held the logical system steady and blamed the language.

For the Sorites, modern logic has spawned many-valued logics (with truth values like
“definitely true”, “borderline” etc.), fuzzy logic (degrees of truth between 0 and 1), and
supervaluation (where a statement is true if true under all precisifications, false if
under none, otherwise undefined) as ways to preserve classical logic except at the
boundary. The Stoic approach of refusing to answer beyond the safe region is quite
similar to a supervaluationist stance combined with an epistemic humility: they
basically say the statement becomes truth-valueless (so one shouldn’t assert it) once
vagueness kicks in.> That aligns with the idea of truth-value gap at the borderline -
something supervaluation semantics does formally (a borderline case yields “neither
true nor false”). Chrysippus however didn’t allow “neither true nor false” as an actual
truth-value; he’d say it’s not an assertible at all. But functionally, it means the same: one
doesn’t assign true or false. Thus the Stoics arguably prefigured truth-value gap
theories of vagueness (albeit couching it in terms of what propositions exist). The
difference is that modern logic explicitly countenances a third logical status or weakens
the law of excluded middle for those cases, whereas Chrysippus insisted excluded
middle still holds in principle —it’s just that one discontinues the series before getting a
statement that would violate it (because that “statement” would not qualify as a
legitimate proposition).

Innovation and Limitations: Modern logic’s signature achievements include not just
predicate logic, but also mathematical completeness (Godel’s completeness theorem
for first-order logic, 1930), incompleteness (Godel 1931 showing limits of formal
axiomatic systems), formal treatments of modal logic, set theory foundations and
associated paradoxes (Russell’s paradox in set theory being resolved by type theory or
ZF axioms), etc. The Stoic logical corpus did not extend to such areas —e.g., Stoics did
discuss modalities (possible, necessary) somewhat, but their approach to modal logic
is not nearly as developed as modern modal logic systems. Chrysippus had debates
with Megarians like Diodorus Cronus about the modal concepts of possible and
necessary, culminating in the Master Argument which confronts determinism
(mentioned in the Stoicism SEP).** The Stoic definition of the possible and the
necessary were tied to their determinist worldview (possible = that which either is or will
be true; necessary = that which is true and cannot be false, etc., roughly following
Diodorean ideas). Modern modal logic, by contrast, is formalized with modal operators
and possible world semantics (Kripke). While one might trace some roots back (the
Stoics were determinists and believed in the necessity of the logical structure of

% https://plato.stanford.edu/entries/logic-ancient/
#:~:text=borderline%20sentences%20uttered%20in%20the,type%20solution%20based%200n%20a
%5 https://plato.stanford.edu/archlves/spr2015/entries/stoicism/
#:~:text=remains%20uncertain,The%20antecedent%20is
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reality, which could be seen as a semantic precursor to modal notions), the technical
apparatus of modal logic is modern.

In terms of self-reference and set-theoretic paradox: Russell’s paradox (the set of all
sets that do not contain themselves) in 1901 shook the foundations of set theory.
Russell and Whitehead’s response was to create type theory (ramified types in Principia
Mathematica) to avoid such vicious self-reference, a bit like Tarski’s hierarchy idea in
spirit. The Stoics did not encounter an analogous problem in their framework because
they weren’t formalizing mathematics or infinite sets; their logic was confined to
propositions about everyday or philosophical content. However, an interesting parallel:
the Stoics dealt with the “heap” and “liar” which are semantic paradoxes of self-
reference and vagueness, just as Russell and others dealt with set-theoretic and
semantic paradoxes. Both traditions thus had to reconcile paradoxes with their logical
principles. The Stoics by subtle distinctions, the moderns by often revising the formal
system (or proposing alternatives).

Philosophical Motivations and Worldview: Perhaps the starkest contrast lies in why
the Stoics and modern logicians cared about logic and how they viewed its role. For the
Stoics, logic (dialectic) was a part of the philosophical pursuit of wisdom. It was deeply
integrated with their ontology and cosmology. The Stoics famously believed in a
rationally ordered cosmos permeated by logos (reason or rational structure). They
thought that human reason, if perfected, mirrors the divine Logos structuring the world.
Thus, studying logic was in a sense studying the mind of Nature — an insight into the
rational order of reality. This meant Stoic logic was not a game or a mere formalism; it
was normative and tied to living correctly. Chrysippus wrote that all events follow
according to Logos, and he was convinced that every proposition about the future
already has a determined truth value (because causality is unbroken).*® This
determinism is directly connected to Stoic logic: they endorsed bivalence for future
contingents (against Aristotle’s hesitation) because to them, allowing truth-value gaps
for future events would imply a kind of indeterminacy in the world that they rejected. As
we saw, Chrysippus took the price of preserving logical consistency to be embracing
strict causal determinism. In Stoic philosophy, logic, physics (theory of nature), and fate
are all entwined. They could say “all things happen by fate” and equally “all things
happen by antecedent causes” and see those as two ways of expressing the same
rational order.

Modern logic, especially in the hands of Frege, Russell, and the logical positivists, was
often developed in the opposite spirit: as an abstraction purposely divorced from
specific content. Frege wanted a formal language free of psychological or
metaphysical baggage, in which mathematical truths could be derived from purely

% https://plato.stanford.edu/archlves/spr2015/entries/stoicism/
#:~:text=Chrysippus%20apparently%20could%20not%20agree,but%20clearly%20it%20was%20not

18



Between Dialectic and Formalism: A Comparative Study of Stoic and Contemporary Logics - Tenzin C. Trepp

logical axioms. Logical positivists in the 1920s-30s explicitly sought to remove
metaphysics from the picture —they regarded many traditional metaphysical
statements as meaningless, and they held that logic and mathematics were either
tautological frameworks or tools for science. In logical empiricism, logic was almost
hypostasis of reason itself — a neutral arbiter of meaning. It was no longer about living in
tune with cosmic reason (as for the Stoics), but about constructing an “ideal language”
for science. The verification principle of the Vienna Circle demanded that any
meaningful statement be either empirically verifiable or logically true/false (analytic).
Anything else (typical metaphysics, theology, ethics in factual sense) was dismissed as
cognitively meaningless. This stands in sharp contrast to the Stoics, who certainly did
not dismiss ethics —in fact, they had a robust metaphysical system (materialistic but
theologically infused with the concept of Logos) and an ethical system grounded in
nature’s rational order. The Stoics would never claim ethical statements are
meaningless; for them, virtue and value are very much real. Logical positivists, however,
relegated value statements to non-cognitive status (meaningful only as expressions of
emotion or prescriptions, not truth-apt propositions).

So the presuppositions underlying logic diverge: Stoic logic was founded on the belief
that logic describes actual relations in reality (the logical structure of the cosmos and
our propositions corresponding to it). Modern logic, particularly in the 20th century
analytic tradition, often casts logic as a formal calculus disconnected from any
particular reality, or as governing relations between abstract propositions without
assuming those propositions correspond to how the world must be. In philosophy of
logic terms, Stoics were more realist about logic’s connection to reality — they
thought the law of excluded middle is true because every state of affairs is either
destined to happen or not (no third option). Many modern logicians are formalists or
pluralists — they consider that one can have different logical systems (classical,
intuitionistic, paraconsistent, etc.) depending on which inference principles one
accepts, without one or the other being the single “true logic of the world.” For the
Stoics, there was effectively one correct logic, inseparable from correct reason. In fact,
the Stoic idea of logos spermatikos (seminal reason) holds that logical rationality is
immanent in all things, and human logic is an outgrowth of that universal reason.*’

This difference also shows up in how each tradition uses logic in context: Stoic logic
was used in ethical training (e.g., Epictetus taught his students to analyze their
impressions and arguments to live better). The logical positivists used logic to analyze
scientific language and purge metaphysics — a very different aim. Frege and Russell

%7 The Stoic doctrine of logos spermatikos (seminal reasons) is an aspect of their physics - the idea that the active rational principle (god or
reason) implants seeds of order (form, reason) in matter, which then develop into things. Human rationality was literally a “spark” of the cosmic
fire (divine reason) within us. Therefore, when we reason correctly, we participate in divine reason. This spiritual/metaphysical backdrop is
utterly absent in modern logic, which does not contend that the laws of logic are divine (Leibniz and Wolff in early modern times still saw logic
as reflecting God’s intellect, but by Frege’s time such theological interpretations were dropped). The logical positivists replaced reverence for
divine reason with reverence for scientific method - a secular shift.
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used logic to analyse mathematics and language, with Russell also applying logical
analysis to traditional philosophical problems (like denoting phrases, sense-data etc.).
One might provocatively say: Stoic logic was in service of wisdom, modern logic in
service of knowledge (science and math).

There are of course exceptions and nuances: not all modern logicians were anti-
metaphysical. Frege himself had a Platonic streak, believing in an independent realm of
logical objects (the realm of senses and references) — interestingly, Stoics believed lekta
(like propositions) were real in some sense, yet incorporeal,®® which is also a kind of
strange ontology (neither material nor simply nothing). Frege’s “Thoughts (Gedanken)”
as real but non-mental, non-physical entities echoes how Stoic lekta are non-material
but subsist. This could be a deep parallel in philosophical presupposition: both Stoics
and Frege needed their propositions to have a kind of objective existence to be true or
false. The Stoics, being materialists generally, carved an exception for lekta as
incorporeals that “subsist” (hupostasis) rather than exist, because only bodies truly
exist for them. Frege postulated a third realm for senses. Both grapple with the nature of

meaning and truth in ways that intersect metaphysics and logic.

Influence and Historical Trajectory: It is interesting to note that Stoic logic did not
directly lead to modern logic; it was largely lost. Instead, Aristotle’s logic dominated
through the medieval period (augmented by some developments in Scholastic logic).
When modern logic was born in the 19th century, it was as if starting almost from
scratch (with some impetus from algebra and the failure of syllogistic to handle new
needs). Only in the 20th century did historians like Benson Mates (1953) and Susanne
Bobzien and others reconstruct Stoic logic from the ancient fragments, revealing the
remarkable convergence with modern ideas.*® This suggests that logical truths are, in a
sense, timeless: independent discoveries of the same principles can occur in different
eras. For example, modus ponens was recognized by the Stoics and is also fundamental
in any modern logic system. The Stoics invented truth tables in prose (some sources
suggest Chrysippus had something like truth-functional definitions of connectives) -
truth tables were re-invented by Wittgenstein and others. The parallel developments
underscore that logic has an objective core that different thinkers can uncover.

On the other hand, modern logic also did things the Stoics never envisioned, partly
because of different priorities. Stoic logic never dealt with higher-order logic or
mathematical induction, whereas modern logic extended to second-order logic,
lambda-calculus, etc. Stoic logic was monolithic (one system taught in their school),

% https://plato.stanford.edu/archlves/spr2015/entries/stoicism/
#:~:text=ways%200f%20appearing%20in%20the,Sextus%20Empiricus%2C%2030I

59 Benson Mates’ Stoic Logic (1953) was indeed a landmark in bringing Stoic logic to contemporary attention. In it, he translated and analyzed
the ancient evidence, showing that the Stoics had a propositional logic system. This book remained influential, though later scholarship (esp.
by Michael Frede, Jonathan Barnes, Bobzien, etc.) refined some points. Our understanding now is more detailed thanks to those works. Any
comprehensive bibliography on Stoic logic would include Mates (1953), Kneale & Kneale’s Development of Logic (1962) which covers Megarian
and Stoic logic, Bobzien’s numerous articles (e.g., Bobzien 1996 on Stoic syllogistic, 1999 on determinism, 2002 on sorites, etc.), and others.
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whereas modern logic branched into multiple systems (classical vs non-classical,
many philosophical debates on logic’s laws). Stoics would likely consider many modern
logics simply incorrect if they violate LEM or allow true contradictions, for example,
because of their philosophical stance that logic is the law of the cosmos (which cannot
be inconsistent or indeterminate).

Summary of Key Comparisons: To encapsulate the comparison:

e fFoundational Units: Stoic logic — propositions (assertibles); Modern logic —
propositions and predicates with quantifiable variables.

o System: Stoic - five basic inference schemata + transformation rules (natural
language format); Modern - formal axiomatic or natural deduction systems with
symbolic notation.

e Semantic stance: Stoic — bivalent, deterministic truth values for all meaningful
propositions; Modern - typically bivalent in classical logic, but has explored
multi-valued, etc., for special purposes, and debates on whether bivalence must
hold (especially for vague or future statements).

e Purpose of logic: Stoic — part of living rationally, understanding nature, avoiding
error in daily life and discourse; Modern —tool for precise reasoning in
mathematics, science, and for philosophical analysis, often without direct
ethical tie.

o Treatment of language: Stoic — analysis of natural language, recognition of
ambiguity and role of meaning (lekta) intimately in logic; Modern — create
artificial language, avoid colloquial vagueness, though analytic philosophy does
pay attention to ordinary language vs ideal language tensions (e.g., Russell’s
theory of descriptions to resolve ambiguities that Stoics might have identified in
other terms).

e Integration with other fields: Stoic logic was unified with Stoic physics
(cosmology) and ethics; Modern logic is relatively compartmentalized, though of
course it has influenced metaphysics (with formal ontology) and philosophy of
language, etc. But one can study modern logic purely as a mathematical
discipline (as in Boolean algebra, model theory) with no reference to how to live
or the nature of the universe. This abstraction and specialization mark a major
difference from the Stoic approach.
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Philosophical Foundations:
Stoic Rationalism vs Modern Abstraction

In light of the above, we can draw out more explicitly the differing philosophical
foundations that underlie Stoic logic and modern logic traditions. This section will
reflect on how each view’s assumptions about truth, reality, and reason influence their
logic.

Ontology of Logic: The Stoics were materialists in that they believed only bodies truly
exist, yet they made an intriguing exception for certain incorporeal entities — notably
lekta (the meanings or propositions) and void, time, place, etc., which they said
“subsist” rather than exist.®° This shows that, for the Stoics, propositions have a kind of
ontological status: they aren’t nothing, even if not physical. A proposition (axioma) when
asserted can be true or false; truth itself was conceived as a property of these lekta.
They thus had a correspondence theory of truth: a proposition is true if it corresponds to
how things are in the world, false if not (Chrysippus: “Truth is a statement that does not
contradict reality,” essentially). Modern logic, by contrast, often brackets the question of
ontology of propositions. Frege argued for a realm of abstract propositions (thoughts)
that are non-empirical, but this was more a philosophy of language stance. Logical
positivists, influenced by empiricism, were uncomfortable with abstract entities and
tried to eliminate talk of propositions in favor of sentences and verification conditions.
Quine later even questioned the distinction between analytic and synthetic (shaking
logical positivist assumptions). But standard practice in modern logic is to treat truth
values and propositions as abstract values or sets in models, without committing to a
heavy ontology - it’s a formal semantic device (e.g., in model theory, a proposition might
be identified with a set of possible worlds where it’s true). The Stoics, on the other hand,
definitely treated the content of a statement as something real enough to be a cause or
to be grasped by the mind, and that our assent to propositions is a psychological act
that can be correct orincorrect.

Epistemology and Logic: Stoic epistemology held that human reason, when properly
cultivated, can directly apprehend certain truths (the so-called cataleptic impressions
that are self-certifying) and that deductive logic helps build knowledge from those clear
impressions. They were foundationalists: they believed some premises are evident (by
the senses and rational insight), and from those, others can be deduced. Modern logic
deliberately avoids entanglement with epistemic notions —it’s usually formulated in
purely truth-functional or model-theoretic terms, not in terms of what anyone can grasp
or perceive. The logical positivists did link logic with knowledge in the sense that logic
(plus math) was considered analytically true and the rest must be empirically verified.

8 https://plato.stanford.edu/archlves/spr2015/entries/stoicism/
#:~:text=The%20Stoics%20accept%20this%20criterion,man%2C%20then%20it%20is%20a
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But they were not saying logical principles are innate or self-evident in the same way
Stoics did. (The Stoics thought even babies have logiké - rational nature that develops
into understanding, and some principles like the law of non-contradiction might be
inborn as part of the rational seed in us.) Modern cognitive science, interestingly,
sometimes posits humans have innate logical capabilities (a “logic module”), but that’s
a scientific hypothesis, not a philosophical doctrine like in Stoicism where it’s tied to the
spark of divinity in us.

Determinism vs Contingency: As we detailed, Stoic logic and determinism are closely
linked: Chrysippus accepted that every proposition about future events is already true
or false (leaving no room for objective uncertainty) '. This ensured that the logic of
disjunction ($p \vee \neg p$) is eternally valid. Modern logic generally takes the law of
excluded middle as an axiom of classical logic but doesn’t require a metaphysical
determinism to justify it —it’s simply a rule of the game, and one could consider different
logics (like intuitionistic logic drops LEM for a philosophical stance often tied to
epistemic uncertainty or constructivism, but that’s considered an alternative logic). In
Stoicism, not accepting LEM for future statements would be heresy because it
undercuts their fatalistic worldview. For Aristotle (as per De Interpretatione 9) it was
plausible to deny bivalence for future contingents to preserve free will; the Stoics
explicitly opposed that by asserting causal determinism so that logic’s law holds
without exception. Modern discussion sees logical laws as somewhat independent of
such physical or metaphysical theses — one can have a classical logical system and be
an indeterminist about physics (indeed, standard quantum mechanics is
indeterministic but uses classical logic in its theoretical framework, though some have
proposed quantum logic formalisms). The Stoics would have found it hard to imagine
using logic while believing the universe itself is not logically structured all the way (for
them, randomness or uncaused events would be tantamount to something “alogical”).

Logicality in Human Life: The Stoic ideal sage is someone who reasons flawlessly and
thus never assents to a falsehood. The ethical payoff of logic is huge: it helps one avoid
errors that disturb the soul and lead to vice. Zeno, the founder of Stoicism, famously
defined truth as saying what is, and virtue as a kind of steadfastness in truth. The Stoics
were therefore very concerned with practical reasoning too — how to apply logic to daily
life decisions and ethical dilemmas. Modern logic is not typically concerned with
guiding action in a direct way (that territory has been more ceded to decision theory or
practical reasoning studies, which are related but distinct fields). A logical positivist
might say logic helps clarify ethical statements to show they are not truth-apt but
expressions of attitude — a very different project from Stoics who would say ethical
statements (like “Virtue is good”) are true and knowable by reason. In short, the value
and telos of doing logic differs: Stoics see it as ennobling and essential for virtue;

51 https://plato.stanford.edu/archlves/spr2015/entries/stoicism/
#:~:text=it%20is%20now%20neither%20true,but%20clearly%20it%20was%20not
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modern analytic philosophy sees it as a foundation for clear thinking in philosophy and
science, but not necessarily tied to personal virtue (someone can be logically skilled yet
immoral — a notion Stoics would find problematic, since for them all virtues are united in
the sage, including wisdom which encompasses logical wisdom).

Dialectic vs Mathematical Logic: Another foundational difference is that Stoic logic
was situated in a dialectical context — logic was something practiced in debates,
discussions, pedagogy (the Stoics often engaged in disputations, using their logical
techniques to defend or refute arguments). The form of presentation in Stoic texts (say
Chrysippus’ works) likely involved dialogues, examples, lists of puzzle arguments and
solutions, etc., aimed at training students. Modern logic, particularly after Frege, aligned
more with mathematics — the form of presentation is definitions, lemmas, theorems.
Frege’s work reads like a mathematical treatise with definitions and propositions.
Russell and Whitehead’s Principia Mathematica is even more so — almost unreadable to
a non-logician, using strict symbolic derivations. Even later, logic became a branch of
mathematics (with model theory, proof theory, etc.). This abstraction means modern
logic often prioritizes computability, formal proof, algebraic structure. Stoic dialectic
prioritized persuasive reasoning, resolving confusions in language, and conceptual
clarity in philosophical discourse. For instance, the Stoics would discuss how to resolve
a paradox in conversation with someone (as part of dialectic training), whereas a
modern logician might produce a formal proof that a certain formula is a theorem of a
system —these are very different activities despite both being “logical reasoning.”

Logical Positivism and the Stoic Legacy: The user’s query specifically mentioned
logical positivists as a point of comparison. Interestingly, the logical positivists were
heirs to the Frege-Russell tradition and took it further by making logical analysis of
language central to philosophy. They insisted that metaphysics be eliminated and that
scientific language be castin logical terms (Carnap’s ideal of a logically perfect
language, etc.). If we juxtapose this with Stoicism: Stoics certainly did not eliminate
metaphysics—on the contrary, they had a thorough metaphysical doctrine
(materialism, pneuma, cosmic reason). But they did share an inclination to analyze
language carefully (Chrysippus wrote on linguistic ambiguities and proper meanings to
avoid confusion). The logical positivists’ aim to translate all knowledge into a logical
structure perhaps has a loose parallel in the Stoic attempt to systematize all
philosophical discourse through logic. However, the positivists were motivated by an
antimetaphysical scientism, whereas the Stoics were motivated by aligning thought
with cosmic nature (a kind of rational spirituality). The logical positivists would also
reject Stoic theology as meaningless (talk of Zeus or providence cannot be empirically
verified, hence is a pseudo-statement by their criterion). So in a sense, a logical
positivist would find the Stoic blending of logic and metaphysics naive, while a Stoic
would find the positivist separation of logic from a meaningful universe rather barren
and soulless.

24



Between Dialectic and Formalism: A Comparative Study of Stoic and Contemporary Logics - Tenzin C. Trepp

One might note, though, that both had a certain austere rationalism. The Stoics, like the
positivists, valued clear distinctions and tried to purge fallacies that arise from misuse
of language. The Stoic doctrine that one should assent only to truths and suspend
judgment on the unclear has a flavor of rigorous skepticism toward nonsense that a
positivist might appreciate (except the Stoics applied that to epistemology of
impressions, not to entire domains of discourse as positivists did to metaphysics). Both
also shared a respect for empirical observation — Stoics were empiricists in a way (they
believed all concepts ultimately derive from experience, and that knowledge requires
sensory input — albeit filtered by reason). The logical positivists famously said all
meaningful synthetic statements must be empirically testable. So there is an interesting
confluence of rationalism and empiricism in both: Stoics combined empiricist
epistemology with rationalist logic; positivists combined empiricist verification with
rationalist (logicist) language analysis. Indeed, scholars have occasionally noted that
Hellenistic philosophies including Stoicism have elements resonant with modern
scientific philosophy.

Conclusion

In conclusion, the Stoic tradition of logic, exemplified by Chrysippus, represents a
remarkably sophisticated early logic that shares many structural features with modern
logic while being embedded in a very different intellectual framework. Stoic logic was
propositional, truth-functional, and deductive, much like the propositional calculus
that would be reinvented in the 19th century.? The Stoics identified fundamental
inference rules (indemonstrables) analogous to the basic valid patterns recognized
today, and they developed methods to handle complex arguments akin to a natural
deduction system. They confronted logical paradoxes head-on, striving to resolve them
without sacrificing the law of excluded middle or bivalence, reflecting both their logical
acumen and their metaphysical commitments.

Modern logic, from Frege and Russell onward, far surpassed the Stoic system in
generality and formal precision, introducing predicate logic with quantifiers, formal
semantics, and powerful proof techniques. It also branched into multiple systems and
meta-theories (completeness, decidability, etc.) that were not within the scope of
ancient dialectic. The motivations shifted from the Stoic goal of aligning with nature’s
rational order and achieving wisdom, to goals like providing rigorous foundations for
mathematics (Frege’s logicism) or expunging metaphysical confusions (logical
positivism). The tone and context of logical work thus changed: from a philosophical art
practiced in dialogical settings to a mathematical science communicated in formulas
and theorems.

52 https://plato.stanford.edu/entries/logic-ancient/
#:~:text=c,logic%2C%20and%20made%20some%20additions
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Yet, itis striking how many philosophical questions remain common to both. Both Stoic
and modern logicians ask: What is truth? How do words relate to things? What is a valid
inference and why? The Stoic notion of a proposition’s sayable content finds echo in
Frege’s Sinn (sense) and contemporary truth-conditional semantics.® The Liar and
Sorites still haunt logicians and philosophers today, and some modern responses are
not so far from Stoic ideas (e.g., truth-value gaps, context shifts). And the ethical
reminder that clear reasoning undergirds a good life, while not a focus of modern logic,
is perhaps a timeless wisdom the Stoics offer to a technically advanced but often
conceptually confused age.

In comparing Chrysippus to Frege, we see two great logical minds separated by two
millennia, each inventing a way to talk about implications and validity rigorously. Itis a
tribute to the universality of logic that so much converges. At the same time, the
differences remind us that logic is never developed in a vacuum: it serves the needs and
reflects the presuppositions of its era. Stoic logic was intertwined with Stoic physics
and spirituality; modern logic was intertwined with the rise of formal mathematics and
analytic philosophy’s linguistic turn.

In closing, examining Stoic logic alongside modern logic traditions enriches our
understanding of both. It highlights that many “modern” insights have ancient
forerunners, and that ancient theories can still be relevant to contemporary debates (for
instance, current interest in logical pluralism or in deflationary truth theories can benefit
from studying the Stoics). Conversely, it shows how the abstraction of modern logic
allowed progress that the Stoics could not achieve within their more naturalistic idiom -
for example, the Stoics did not create anything like a predicate calculus to capture
relational arguments involving multiple terms, which was only made possible by the
symbolic methods later devised.

Ultimately, Stoic logic and modern logic share a common purpose: to illuminate the
structure of valid reasoning. They do so under different lights — the Stoics under the light
of Logos’s universal reason, the moderns under the glow of formal symbolic
manipulation — yet the structures they reveal have significant overlap. By studying them
comparatively, we gain a fuller appreciation of the development of logic as a discipline
and its philosophical significance. The rigor of modern theoretical logic can be
complemented by the Stoic insight that logic is also a practical virtue, a bulwark against
the “quagmire of irrational thinking” as one might paraphrase Chrysippus.®*In an

63

https://www.researchgate.net/publication/349615376_To_Lekton_in_Stoic_Philosophy_and_Sinn_in_Gottlob_Frege's_Semantic_Theory_The_L
ogical_Aspect

#:~:text=Fregean%?20logical%20theories,view%200f%20their%20epistemological%20status

5 The phrase “quagmire of irrational thinking” in the user-provided text (in the user file) conveys the Stoic view that without logic, the mind falls
into confusion and distress. This is a nice encapsulation of Stoic attitude towards illogic: they saw it as not just an intellectual mistake but as a
cause of human suffering. Irrational beliefs lead to unhealthy emotions; thus logical reasoning is therapeutic in Stoicism (cognitive therapy
antecedent). This is a lesson that perhaps remains valuable: clarity in reasoning can improve one’s life, a point somewhat lost in the purely
theoretical emphasis of much modern logic.
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academic philosophy setting, this comparative study underscores how historical logical
systems can be evaluated not only in terms of technical adequacy but also in terms of
their integration with a worldview. Both aspects —the technical and the philosophical -
are essential to grasping the richness of the logical tradition from antiquity to the
present.

Thus, for the Stoics, logic was not merely an intellectual discipline—it was a mode of
spiritual alignment. Logic trained the mind to mirror the rational structure of the
cosmos, the Logos. Since the Logos governs all reality, human beings, as rational
agents, approach wisdom and excellence to the extent that they reason rightly. In this
way, Stoic logic was not only an early form of formal reasoning, but also a path to living
in accordance with nature—because to live logically was to live in harmony with the
divine order of the universe.
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