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Abstract

The modern classical education movement claims to recover the intellectual tra-
dition that produced Western civilization’s greatest thinkers—from Plato and Eu-
clid through Newton and Jefferson. Yet this movement, as institutionalized in the
Association of Classical Christian Schools, Great Hearts Academies, and Hillsdale-
affiliated charter schools, has systematically recovered the trivium (grammar, logic,
rhetoric) while largely abandoning the quadrivium (arithmetic, geometry, music,
astronomy)—the very mathematical disciplines that Plato, Boethius, and the me-
dieval universities considered the senior and culminating half of liberal education.
Kevin Clark and Ravi Jain have identified this lacuna in The Liberal Arts Tradition
(2013), but their corrective does not go far enough. This paper argues for a “relative
difficulty” standard: if classical education means engaging with the most rigorous
intellectual tools of one’s era, then modern classical students should study math-
ematics at a level of difficulty and frontier-proximity comparable to what Plato’s
students, Newton, and Jefferson’s university encountered relative to the mathe-
matical knowledge of their own times. The paper traces the role of mathematics in
classical education from the Academy through the Scientific Revolution, documents
the modern movement’s retreat from mathematical rigor, and proposes a concrete

standard for what genuine mathematical classicism would require today.

Contents
1 Introduction

2 Mathematics as the Heart of Classical Education
2.1 Plato’s Academy and the Primacy of Geometry . . . . .. .. ... ...
2.2 The Quadrivium: Mathematics as Half of Liberal Education . . . . . . .



2.3 The Scientific Revolution as Classical Education’s Greatest Achievement
2.4 The Enlightenment Standard: Jefferson and the Mathematical Citizen . .

The Trivium Revival and the Quadrivium Lacuna

3.1 Dorothy Sayers and the Grammar-Logic-Rhetoric Framework . . . . . . .
3.2 Douglas Wilson and the Institutional Movement . . . . . . . .. .. ...
3.3 Clark and Jain’s Corrective . . . . . . . . . ... ... L.
3.4 What Modern Classical Schools Actually Teach . . . . .. ... ... ..

The Relative Difficulty Standard

4.1 The Problem with Literal Recovery . . . . . .. ... ... ... .. ...
4.2 Defining Relative Difficulty . . . . . . .. .. ... ...
4.3 What Relative Difficulty Means Today . . . . .. .. ... ... .. ...
4.4  The Frontier-Proximity Metric . . . . . . .. .. .. ... ... ... ..

Objections and Replies

5.1 “Classical Education Is About Formation, Not Technical Skill” . . . . . .
5.2 “Not All Students Can Handle Advanced Mathematics” . . . . . . . . ..
5.3 “We Already Teach Math” . . . . . ... ... ... ... ... ......

Conclusion

10
10

12
12
13
14
15

16
16
17
17

18



1 Introduction

Let no one ignorant of geometry enter here.

—Inscription attributed to Plato’s Academy

The phrase is almost certainly apocryphal, attested only in late antiquity by commenta-
tors like Elias and John Philoponus.® But its persistence tells us something important:
for two millennia, the Western intellectual tradition understood that the gateway to seri-
ous learning was mathematics. Not rhetoric. Not Latin grammar. Not the great books.

Mathematics.

This understanding is under no serious dispute among historians of education. From
Plato’s Academy through the medieval universities, from Newton’s Cambridge to Jef-
ferson’s University of Virginia, the mathematical arts were not merely part of classical
education—they were its organizing principle, its senior division, and its hardest require-
ment. The trivium (grammar, logic, rhetoric) was preparatory. The quadrivium (arith-

metic, geometry, music, astronomy) was the destination (Kimball, 1986; Stahl, 1971).

The modern classical education movement has reversed this hierarchy. Since Dorothy
Sayers’s influential 1947 essay “The Lost Tools of Learning” (Sayers, 1947) and Dou-
glas Wilson’s Recovering the Lost Tools of Learning (Wilson, 1991), a network of hun-
dreds of schools has emerged—organized under the Association of Classical Christian
Schools (ACCS), Great Hearts Academies, and the Hillsdale College Barney Charter
School Initiative—that defines “classical education” primarily through the trivium. Latin,
great books, Socratic seminar, and rhetoric competitions form the institutional identity
of these schools. Mathematics is taught, of course, but it occupies the same subordinate
position it holds in any conventional American school: a subject you take alongside the

“real” classical curriculum, not the crown of it.

Kevin Clark and Ravi Jain identified this problem in their important book The Liberal
Arts Tradition (Clark and Jain, 2013). They argued that the Sayers-Wilson model “es-
sentially gutted fully half the classical curriculum of the seven liberal arts” by focusing
exclusively on the trivium. Stratford Caldecott made a related case in Beauty for Truth’s
Sake (Caldecott, 2009), calling for a recovery of the quadrivium’s vision of mathematical

beauty. These are valuable correctives. But they do not go far enough.

The deeper problem is not merely that modern classical schools teach too few quadrivium
subjects. It is that they have lost the animating principle behind the classical mathe-

matical curriculum: the commitment to engaging with the hardest and most advanced

IThe inscription “Ageometretos medeis eisito” is reported by Elias in his Commentary on Aristo-
tle’s Categories (6th century AD) and by other late Neoplatonist commentators. Whether or not it
adorned the physical Academy, it accurately represents Plato’s educational philosophy as expressed in
the Republic.



intellectual tools available in one’s era. When Plato’s students studied the five regular
solids, they were working at the frontier of human mathematical knowledge. When New-
ton taught himself Descartes and Wallis at Cambridge, he was engaging with material
published within the previous thirty years. When Jefferson designed the curriculum for
the University of Virginia, he required “fluxions”—calculus—for all students, not because

it was ancient, but because it was the most powerful analytical tool available.

This paper proposes a relative difficulty standard for classical mathematical educa-
tion. The claim is not that modern students should study what the ancients studied
(though some of that remains valuable), but that they should engage with material at a
comparable level of difficulty and frontier-proximity relative to the mathematical knowl-
edge of their own era. A classical education that produces students who can recite Virgil
but cannot construct a proof, who can diagram a sentence but not a function, who know
Aristotle’s syllogisms but not Euler’s identity, has recovered the form of the tradition

while abandoning its substance.

2 Mathematics as the Heart of Classical Education

2.1 Plato’s Academy and the Primacy of Geometry

The centrality of mathematics to Plato’s educational vision is not a matter of inference
or interpretation. It is stated explicitly, at length, in Book VII of the Republic (Plato,
1992).

Plato’s curriculum for the philosopher-rulers is structured as a progression from the con-
crete to the abstract, and mathematics occupies the decisive middle position—the bridge
between sensory experience and pure dialectic. The sequence is precise: after preliminary
education in music and gymnastics through age eighteen, and two years of military train-
ing, the future guardians undertake ten years of mathematics before being permitted to

study dialectic (philosophy proper) at age thirty.

The mathematical curriculum itself moves from the simplest to the most complex: arith-
metic, plane geometry, solid geometry (stereometry), astronomy, and harmonics. Socrates
is explicit about why this ordering matters. Arithmetic “compels the soul to reason about
abstract number” rather than visible objects (Republic 525d). Geometry trains the mind
to apprehend eternal truths: “geometry is the knowledge of the eternally existent” (527b).
Solid geometry extends this into three dimensions. Astronomy studies magnitude in
motion. And harmonics—the mathematical theory of musical intervals—completes the

program by revealing numerical relationships in the audible world.

Two features of this curriculum deserve emphasis. First, its duration: ten of the thirty-five



years of the guardian’s education are devoted to mathematics. This is not a subject among
subjects; it is the majority of advanced pre-philosophical training. Second, its purpose:
mathematics is explicitly described as the preparation for dialectic, the highest form
of knowledge. Without mathematical training, the soul cannot ascend from the visible
world to the intelligible world. The divided line of Book VI makes this architectonically
clear: mathematical reasoning (dianoia) occupies the second-highest level, directly below

dialectical understanding (noesis) and above mere belief (pistis).

The results of this emphasis speak for themselves. The Academy and its intellectual
descendants produced Theaetetus (who classified the five regular solids), Eudoxus (whose
theory of proportion solved the crisis of incommensurables), and ultimately the tradition
that culminated in Euclid’s Elements—the most influential textbook in human history,

which remained the foundation of mathematical education for over two thousand years.

2.2 The Quadrivium: Mathematics as Half of Liberal Education

The formalization of mathematics as half of liberal education was accomplished by
Boethius (c. 480-524 AD), who translated and adapted the Greek mathematical tra-
dition for Latin readers. In his De Institutione Arithmetica (Boethius, 500), Boethius
coined the term “quadrivium”—the “fourfold path”—for the four mathematical disci-
plines: arithmetic, geometry, music, and astronomy. He explicitly presented these as the

senior division of the seven liberal arts, to be studied after the trivium (Stahl, 1971).

The structure was not arbitrary. Boethius organized the four disciplines along two axes:
discrete versus continuous quantity, and static versus dynamic. Arithmetic studies dis-
crete quantity at rest (pure number). Music studies discrete quantity in motion (numer-
ical ratios in time). Geometry studies continuous quantity at rest (spatial magnitude).
Astronomy studies continuous quantity in motion (celestial mechanics). This fourfold
classification gave the quadrivium a logical coherence that survives even today in the

structure of modern mathematics.

The quadrivium’s institutional authority was enormous. When the medieval universities
emerged in the twelfth and thirteenth centuries, they adopted the seven liberal arts as the
foundation of the Bachelor of Arts degree. At Paris and Oxford, students spent four to
six years working through both trivium and quadrivium before facing oral examinations
(Grant, 1996). The trivium came first—not because it was more important, but because
it was prerequisite. Grammar, logic, and rhetoric gave students the tools of learning; the

quadrivium gave them the subjects worth learning about.

Hugh of St. Victor’s Didascalicon (c. 1120s) (of St. Victor, 1961) made this hierarchy ex-
plicit. He classified the quadrivium as “mathematica” and argued that it was necessary

preparation for philosophy and theology. The mathematical arts were not decorative or



supplementary; they were the intellectual foundation on which higher knowledge rested.
Sacrobosco’s De Sphaera Mundi (Sacrobosco, 1230)—a mathematical astronomy text-
book composed around 1230—became the standard text at European universities for

over four hundred years, testifying to the quadrivium’s enduring centrality.

The critical point for our argument is this: in the medieval university, the quadriv-
ium was the senior and culminating half of liberal education. A student who
completed only the trivium had not completed a liberal education. The Master of Arts
degree—the qualification to teach—required demonstrated competence in all seven arts,

with the quadrivium occupying four of the seven positions.

2.3 The Scientific Revolution as Classical Education’s Greatest

Achievement

The Scientific Revolution of the sixteenth and seventeenth centuries was not a rebellion
against classical education. It was classical education’s greatest product—the result of

taking the quadrivium seriously enough to push it beyond its ancient boundaries.

Nicolaus Copernicus (1473-1543) studied at the University of Krakow, which had a strong
mathematical faculty, before continuing at Bologna and Padua (Copernicus, 1543). His
classical education gave him the mathematical tools—Ptolemaic astronomy, Euclidean
geometry, and trigonometry—to propose the heliocentric model in De Revolutionibus.

He was not breaking with the classical tradition; he was extending it.

Galileo Galilei (1564-1642) entered the University of Pisa to study medicine but was
“sidetracked by mathematics,” as the standard accounts put it. He became professor of
mathematics at Pisa at age twenty-five, then at Padua. His insistence that “the book of
nature is written in the language of mathematics” was not a modern innovation—it was
a restatement of the Pythagorean-Platonic conviction that had animated the quadrivium

for two millennia.

But it is Isaac Newton (1642-1727) who provides the most striking case study for our
argument. Newton matriculated at Trinity College, Cambridge, in 1661, into a curricu-
lum that was still formally Aristotelian. The official syllabus had not caught up with the
mathematical revolution. What did Newton do? He taught himself the frontier mathe-

matics of his era.

Richard Westfall’s definitive biography documents the process (Westfall, 1980). By
early 1664, Newton had begun reading William Oughtred’s Clavis Mathematicae, then
Descartes’ La Géométrie (published just twenty-seven years earlier, in 1637), and John
Wallis’s Arithmetica Infinitorum (published in 1656, just eight years before Newton read

it). He attended Isaac Barrow’s optical lectures. Scholars have identified Descartes and



Wallis as the two “great formative influences” on Newton’s mathematical development.

By late 1666—at age twenty-three, still nominally an undergraduate—Newton had de-
veloped the method of fluxions (calculus), generalized the binomial theorem, and made
foundational contributions to optics. He was, “de facto, the leading mathematician in

the world.” He had not merely studied frontier mathematics; he had extended it.

This is what classical education produces when it takes mathematics seriously. Newton
was not a product of vocational training or STEM education in any modern sense. He
was a classically educated man who happened to apply his classical training to the most
powerful intellectual tools available in his era—which happened to be mathematics. The
Principia (Newton, 1687) itself was written in the geometric style of Euclid, deliber-
ately using the classical form of mathematical argument even when Newton had calculus
available. The classical tradition and mathematical frontier were, for Newton, the same

thing.

2.4 The Enlightenment Standard: Jefferson and the Mathemat-

ical Citizen

Thomas Jefferson provides the last great example of classical education’s mathematical
commitment before the modern divergence. Jefferson was educated at the College of
William & Mary in the 1760s, where the curriculum included natural philosophy (New-
tonian physics), mathematics through “fluxions” (calculus), and moral philosophy—all
grounded in the classical liberal arts tradition. His teacher William Small, Professor of
Natural Philosophy, introduced him to the mathematical sciences that shaped his intel-

lectual life.

When Jefferson designed the curriculum for the University of Virginia in the Rockfish
Gap Report of 1818 (Jefferson, 1818), mathematics was one of the original eight “schools”

(departments). The mathematical curriculum was comprehensive:

Mathematics, Pure—Algebra, Fluxions [calculus], Geometry (elementary, tran-

scendental), Architecture (military and naval).

Physico-Mathematics—Mechanics, Statics, Dynamics, Pneumatics, Acoustics,

Optics, Astronomy, Geography.

This was not a specialist track. It was the requirement for all students at Virginia’s
state university. Jefferson’s vision of the educated citizen included fluency in calculus,

mechanics, and mathematical physics—the frontier analytical tools of his era.

The Yale Report of 1828 (Yale College Faculty, 1828), which defended the classical cur-

riculum against utilitarian critics, made the case for mathematical rigor with particular



force. The Report asked: “Who would consent to part with the mental discipline the
study of algebra imposes, or direct the student to lay aside Euclid because the problems
and demonstrations of the other may not be directly and practically useful to men of
business?” Mathematics was not defended as vocational preparation; it was defended as
the supreme instrument of intellectual formation—“vigor of the mind” and “a habit of

close and connected thought.”

The pattern across two millennia is clear. From Plato to Jefferson, classical education
consistently demanded engagement with the most advanced mathematical tools avail-
able. The specific content changed—from Euclidean geometry to Cartesian algebra to
Newtonian calculus—but the principle remained constant: a classically educated person

masters the hardest analytical methods of their era.

Mathematical Rigor in Classical Education Across Eras

Taught: Euclid's Elements,
Sacrobosco's De Sphaera,
Boethian arithmetic

Taught: Arithmetic, geometry,
solid geometry, astronomy,
‘harmonics (10 years)

Taught: Algebra, fluxions
(c

Frontier: Arabic algebra
(al-Khwarizmi),
Fibonacci

Frontier: Regular solids,
incommensurables

Frontier: Lagrangian mechanics,
Fourier analysis

Jefferson's
Plato’s Academy Universities

—e o o o o o

Boethius codifies Newton at Modern
the Quadrivium C: a

Taught: Descartes' La Géométrie,
Taught: Arithmetic, geometry, Wallis' Arithmetica

music, astronomy Infinitorum, Barrow's
lectures — invents calculus

Frontier: Analytic geometry,
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0 500 1000 1500 2000

Figure 1: Timeline of mathematical rigor in classical education across eras. Color in-
dicates frontier-proximity: green markers show eras where students engaged with near-
frontier mathematics; the red marker indicates the modern classical school’s distance
from the frontier.

3 The Trivium Revival and the Quadrivium Lacuna

3.1 Dorothy Sayers and the Grammar-Logic-Rhetoric Frame-

work

The modern classical education movement traces its origin to a single essay: Dorothy
Sayers’s “The Lost Tools of Learning,” delivered as a lecture at Oxford in 1947 (Sayers,
1947). Sayers, a novelist and lay theologian—notably, not a mathematician or scientist—

proposed an analogy between the three arts of the trivium and stages of child devel-



opment. Grammar (the art of language) maps onto the “poll-parrot” stage of early
childhood, when children memorize readily. Logic (the art of reasoning) maps onto the
“pert” stage of adolescence, when children love to argue. Rhetoric (the art of expression)

maps onto the later teenage years, when students develop their own voice.

The analogy was suggestive, memorable, and enormously influential. It was also, from the
standpoint of historical accuracy, problematic. As Andrew Kern of the CiRCE Institute—
himself a leader in classical education—has argued, “Dorothy Sayers was wrong” in treat-
ing the trivium as developmental stages rather than as sequential disciplines (CiRCE
Institute, 2015). The medieval trivium was not a pedagogical framework mapped onto
child psychology; it was a set of subjects taught in a specific order because each was

prerequisite to the next.

But the deeper problem was one of omission. Sayers’s essay is overwhelmingly about
language: grammar, logic, and rhetoric are all, in her framework, arts of the word. She
mentions mathematics only in passing, as one of several “subjects” to which the tools of
learning might be applied. The quadrivium—arithmetic, geometry, music, astronomy—
receives no sustained attention. This was natural enough for Sayers, whose expertise was
in medieval literature and Christian theology, not in mathematics. But the effect was
to redefine “classical education” as, essentially, an education in language and reasoning,

with mathematics as a subordinate concern.

3.2 Douglas Wilson and the Institutional Movement

Sayers’s essay remained a curiosity for decades. It was Douglas Wilson who turned
it into an institutional movement. In 1981, Wilson founded Logos School in Moscow,
Idaho. In 1991, he published Recovering the Lost Tools of Learning (Wilson, 1991),
which operationalized Sayers’s framework into a complete school model. By 1994, the
demand was sufficient to found the Association of Classical Christian Schools (ACCS),

which grew to encompass over 300 member schools across the United States.

Wilson’s model organized the entire K-12 curriculum around the grammar-logic-rhetoric
stages. Every subject—including mathematics—was taught through the lens of Sayers’s
trivium. In the “grammar” stage, students memorized math facts. In the “logic” stage,
they learned algebraic reasoning. In the “rhetoric” stage, they applied mathematics
to real-world problems. The framework was tidy, marketable, and easy for parents to

understand.

But it had a structural consequence: mathematics lost its status as the senior discipline.
In the Wilson model, the organizing principle of the school is the trivium. Latin, great
books, Socratic discussion, and rhetoric are the activities that define the school’s identity,

fill its marketing materials, and dominate its graduation ceremonies. Mathematics is



taught—competently, in many cases—but it occupies the same institutional position it
holds in any conventional American school: a necessary subject, not the crown of the

curriculum.

3.3 Clark and Jain’s Corrective

Kevin Clark and Ravi Jain recognized the problem. Their 2013 book The Liberal Arts
Tradition (Clark and Jain, 2013) explicitly criticized the Sayers-Wilson model for “essen-
tially gutting fully half the classical curriculum of the seven liberal arts.” They proposed
a broader framework—piety, gymnastic, music, liberal arts (trivium and quadrivium),
philosophy, theology—that attempted to restore the mathematical arts to their historical

position.

Clark and Jain’s contribution is valuable and underappreciated. They correctly identified
the quadrivium lacuna and provided historical context that most classical educators had

never encountered. Their book deserves its growing influence within the movement.

But even Clark and Jain stop short of the conclusion their own argument demands. They
advocate for the inclusion of quadrivium subjects—for teaching arithmetic as a liberal art
rather than merely a utilitarian skill, for restoring the study of mathematical harmony
and astronomical observation. What they do not advocate is mathematical rigor at the
level that the historical tradition demanded. Their quadrivium is more contemplative
than technical, more appreciative than demanding. It recovers the quadrivium’s topics

without recovering its difficulty.

Stratford Caldecott’s Beauty for Truth’s Sake (Caldecott, 2009) makes a similar move.
Caldecott eloquently argues for the re-enchantment of education through mathematical
beauty, finding the mark of the Trinity in numerical and geometrical relations. But his
quadrivium is a quadrivium of wonder, not of work. Plato did not prescribe ten years of
mathematics so that his students could appreciate the beauty of the regular solids. He

prescribed ten years of mathematics so that they could prove theorems about them.

3.4 What Modern Classical Schools Actually Teach

What do modern classical schools actually require in mathematics? The answer is reveal-

ing.

The ACCS accreditation standards require “training in general mathematics, arithmetic,
algebra, and geometry” for graduates (Association of Classical Christian Schools, 2023).
The organization does not specify a particular curriculum or course sequence, leaving
individual schools significant flexibility. In practice, most ACCS member schools follow

a standard American mathematics trajectory: arithmetic in the elementary grades, pre-
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algebra and algebra in middle school, geometry and algebra II in early high school, with

pre-calculus and sometimes AP Calculus available for strong students in the upper grades.

Great Hearts Academies (Great Hearts Academies, 2024), which operate approximately
forty schools in Arizona and Texas, use Singapore Mathematics in the elementary grades
and offer a sequence that can extend through Calculus I and II in the senior year. How-

ever, calculus is one of several elective options—not a graduation requirement.

The Hillsdale College Barney Charter School Initiative (Hillsdale College, 2024) similarly
uses Singapore Math in elementary grades, with a standard progression through the
secondary years. The emphasis is on conceptual understanding rather than frontier-

proximity.

These are not bad mathematics programs. Many classical schools teach mathematics
more thoughtfully than their conventional public school counterparts. The issue is not
incompetence but ambition. When the institutional identity of a school is built around
Latin, great books, and rhetoric—and mathematics is the subject that “also happens to

be taught”—the culture and ambition around mathematics inevitably atrophies.

Figure 2 makes the comparison vivid. Across ten mathematical topics, modern classical
schools cover fewer topics at less depth than any of their historical predecessors—including
Plato’s Academy, medieval universities, and Jefferson’s UVA. The modern AP track, for
all its problems, actually comes closer to the historical standard than the schools that

claim the classical mantle.

Mathematical Depth Across Eras of Classical Education

Medieval University BA (c. 1250) I-rlnﬂ Intro Intro — ‘ -1 Il
Iwm Substantial

Advanced

Newton at Cambridge (1661-65)

Depth of Study

Jefferson's UVA (1819) Introductory

Modern AP Track (2024)

None

Modern Classical School (2024)

Arithmetic Euclidean Number Trigonometry Conic Calculus Differential Linear Probability & Proof Based
Geometry Theory Sections Equations Algebra Statistics

Figure 2: Mathematical depth across eras of classical education. Rows represent eras;
columns represent mathematical topics. The modern classical school (bottom row, out-
lined in red) covers fewer topics at less depth than every historical predecessor. Depth
scale: None (white), Introductory (light blue), Substantial (medium blue), Advanced
(dark blue).
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The Great Inversion: Quadrivium vs. Trivium Across Eras

Emm Quadrivium (mathematical arts)
=== Trivium (language arts)
Other (theology, philosophy, gymnastics, etc.)
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0 Plato's Academy (387 BC) Medieval University (c. 1250)  Renaissance Humanist (c. 1450) Colonial College (c. 1770) Modern Classical School (2024)

Figure 3: The Great Inversion: approximate percentage of curriculum devoted to quadriv-
ium (mathematical arts) versus trivium (language arts) across eras. The quadrivium
dominated classical education historically; today’s classical schools have inverted the em-
phasis.

4 The Relative Difficulty Standard

4.1 The Problem with Literal Recovery

A natural objection arises: if classical education means studying what the ancients stud-
ied, should we simply teach Euclid’s Elements and Ptolemy’s Almagest and call it done?
This approach has some advocates, and Euclid in particular retains genuine pedagogical
value. But literal recovery of ancient content is both insufficient and misguided as a

general principle.

It is insufficient because the knowledge base has expanded enormously. A student who
masters Euclid but knows no calculus, no probability, no linear algebra has not received
an education comparable to what Newton or Jefferson received. Those men studied the
most advanced mathematics available to them, which happened to include Euclid but

went far beyond it.

It is misguided because the classical tradition was never defined by its content in the first
place. Plato did not prescribe specific theorems; he prescribed a level of engagement with
the mathematical frontier. The medieval quadrivium did not fossilize at Boethius’s level;
it incorporated Arabic algebra, Fibonacci’s innovations, and eventually the new astron-
omy. The tradition was living—it updated its content while maintaining its commitment

to rigor.

Using the difficulty of ancient mathematics as a ceiling rather than a floor—teaching pre-
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calculus and calling it classical because “they didn’t have calculus either”—inverts the
historical logic. It mistakes the specific content of classical education for its animating

principle.

4.2 Defining Relative Difficulty

The principle can be stated simply: classical mathematical education means en-
gaging with material at a comparable level of difficulty and frontier-proximity

relative to the mathematical knowledge of one’s era.
Consider the historical data points:

« Plato’s Academy (387 BC): Students studied arithmetic, geometry, solid geom-
etry, astronomy, and harmonics—subjects that were at or near the frontier of Greek
mathematical knowledge. The five regular solids, the theory of incommensurables,
and the beginnings of conic sections were active research areas. The gap between
what students studied and what the frontier mathematicians were discovering was

small.

« Medieval universities (c. 1200-1400): Students studied Euclid’s Elements,
Sacrobosco’s mathematical astronomy, and Boethian arithmetic. This material
was centuries old, but it remained the most rigorous analytical framework available
in the Latin West. The gap was moderate—Arabic mathematics had advanced
further—but students were working with the most demanding material their insti-

tutional context could provide.

+ Newton at Cambridge (1661-1666): Newton read Descartes’ La Géométrie
(published 1637), Wallis’s Arithmetica Infinitorum (1656), and attended Barrow’s
lectures on optics. He was studying material published within the previous thirty
years. The gap between his studies and the frontier was negligible—and he closed

it entirely by inventing calculus.

« Jefferson’s UVA (1819): The curriculum required algebra, calculus (“fluxions”),
transcendental geometry, and mathematical physics. These subjects were within
a generation of the frontier work being done in Paris by Lagrange, Laplace, and

Fourier. The gap was small.

The common thread is not specific content—no one proposes teaching Sacrobosco’s geo-
centric astronomy today—but a relationship to the frontier. In each era, classically edu-
cated students engaged with the hardest material they could handle, as close to the edge

of human mathematical knowledge as their preparation allowed.
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4.3 What Relative Difficulty Means Today

If we apply the relative difficulty standard to the present day, what would a genuinely

classical mathematics curriculum look like?

The mathematical frontier in 2025 includes algebraic geometry, category theory, topo-
logical data analysis, machine learning theory, and dozens of other advanced fields. No
secondary student can approach these directly. But the question is not whether students
can reach the frontier—it is how close they can come, relative to how close historical

classical students came.

A modern classical mathematics curriculum operating at the relative difficulty level of

Newton’s Cambridge or Jefferson’s UVA would require, by the end of secondary school:

1. Calculus (single-variable and multivariable)—the mathematical language of change
and optimization, developed in the seventeenth century and still the foundation of

all mathematical science.

2. Linear algebra—the study of systems, transformations, and high-dimensional

space, essential to every modern mathematical application.

3. Differential equations—the mathematics of dynamic systems, extending the cal-

culus tradition that Newton and Leibniz inaugurated.

4. Probability and statistics—the mathematics of uncertainty and inference, in-

creasingly central to science, medicine, law, and public policy.

5. Proof-based mathematics—exposure to the axiomatic method, whether through
number theory, abstract algebra, or real analysis. This is the direct heir of Euclid’s
Elements: the practice of constructing rigorous deductive arguments from first

principles.

This list will seem ambitious by the standards of American secondary education. But it is
precisely what elite mathematics programs—MATHCOUNTS champions, International
Mathematical Olympiad participants, students at specialized high schools like Thomas
Jefferson or Stuyvesant—routinely achieve. If classical education aspires to produce the
next Newton, it must at minimum match what public magnet schools already offer to

mathematically talented students.
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Student studies: Student studies: Student studies:
Euclidean geometry, Analytic geometry, Arithmetic through
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The Relative Difficulty Standard:

Classical rigor = engaging with the hardest material available,
as close to the frontier as preparation allows.
The gap should be minimized, not maximized.

Figure 4: The relative difficulty standard illustrated across three eras. In the ancient and
early modern periods, the gap between student material and the mathematical frontier
was small. Today, the gap is enormous. Classical rigor means minimizing this gap.

4.4 The Frontier-Proximity Metric

Figure 5 presents the argument visually. The figure plots two curves over time: the
mathematical frontier (the most advanced mathematics known to humanity) and the
most advanced mathematics taught in classical education. For most of Western history,
these curves tracked each other closely. The gap was small because classical educators

understood that their mission was to bring students as close to the frontier as possible.

The curves begin to diverge in the late nineteenth century, as the elective system pi-
oneered by Harvard’s Charles Eliot (president 1869-1909) broke apart the integrated
classical curriculum. Mathematics became one option among many rather than the cap-
stone of liberal education. The divergence accelerates in the twentieth century: as the
mathematical frontier advanced exponentially—through set theory, topology, abstract
algebra, computation theory, and beyond—classical education’s mathematical ambition
flatlined.

By 2025, the gap is enormous. The mathematical frontier has advanced by orders of
magnitude since Newton’s time. But the most advanced mathematics required by most
classical schools—pre-calculus, or at best AP Calculus AB—is less than what Jefferson
required of his university students two centuries ago. The frontier has raced ahead;

classical education has not merely failed to keep up—it has actually retreated.
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The Growing Gap: Mathematical Frontier vs. Classical Education
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Figure 5: The growing gap between the mathematical frontier and the most advanced
mathematics taught in classical education. The curves tracked closely for two millennia.
The divergence begins in the late 19th century and accelerates dramatically in the 20th.
Today’s classical schools teach less advanced mathematics than Jefferson’s 1819 curricu-
lum.

5 Objections and Replies

5.1 “Classical Education Is About Formation, Not Technical

Skill”

The most common defense of the current approach appeals to formation: classical ed-
ucation aims to shape the soul, cultivate virtue, and develop wisdom, not to produce
technicians. Mathematics, in this view, is a means to formation, not an end in itself—

and the amount of mathematics needed for formation is modest.

This objection has the curious property of being refuted by its own authorities. Plato’s
argument for mathematics in Republic VIl is entirely a formation argument. Mathematics
is prescribed not because the guardians will need to calculate battlefield logistics, but
because mathematical reasoning trains the soul to apprehend abstract truth. “It compels
the soul to reason about abstract number, refusing to be satisfied by accounts in which
numbers attach to visible or tangible bodies” (525d). The more rigorous the mathematics,
the more effective the formation. Plato did not prescribe ten years of easy mathematics;

he prescribed ten years of the hardest mathematics available.

The Yale Report of 1828 made exactly the same argument: mathematics develops “a

habit of close and connected thought” and “vigor of the mind” (Yale College Faculty,
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1828). The Report’s authors did not suggest that this mental discipline could be achieved
by studying arithmetic alone. They specifically defended algebra and Euclid—the most
demanding mathematical subjects in their curriculum—as essential tools of intellectual

formation.

If formation is the goal, then more and harder mathematics is the prescription, not less.

The formation argument supports the relative difficulty standard, not the status quo.

5.2 “Not All Students Can Handle Advanced Mathematics”

Historical classical education was elite education. Plato’s Academy did not admit ev-
eryone. The medieval university served a small fraction of the population. Newton was
exceptional even among his Cambridge peers. If the modern classical education move-
ment claims to make classical education accessible to a broader population, perhaps some

reduction in mathematical rigor is inevitable.

This objection deserves a more honest hearing than it typically receives. There are
real questions about whether all students can master calculus and linear algebra by age
eighteen. But the honest version of this objection is about tracking and differentiation,

not about reducing the ceiling.

A classical school committed to the relative difficulty standard would not require every
student to complete the full sequence described in Section 4.3. It would ensure that
the opportunity exists, that the culture celebrates mathematical achievement, and that
the institutional identity of the school reflects mathematics as the senior discipline. The
strongest students would be expected to reach multivariable calculus, linear algebra, and
proof-based mathematics. Others would proceed as far as their abilities and preparation
allow—but always with the understanding that they are working toward the quadrivium,

not merely passing through an administrative requirement.

The comparison with Latin is instructive. Most classical schools require Latin for all
students, even though not all students will achieve fluency. Latin is required because
it is deemed formative, because it connects students to the tradition, and because the
school’s identity demands it. The same arguments apply—with considerably more force—

to advanced mathematics.

5.3 “We Already Teach Math”

(Classical schools do teach mathematics, and many teach it well. But the issue is not the

presence of mathematics in the curriculum; it is its position, emphasis, and ambition.

Paul Lockhart’s A Mathematician’s Lament (Lockhart, 2009) describes how conventional

schools strip mathematics of its creative and aesthetic dimensions, reducing it to rote
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procedures. Classical schools typically do better than this—they are more likely to teach
mathematics conceptually and to emphasize understanding over memorization. This is

genuine and praiseworthy.

But there is a difference between teaching mathematics well and treating mathematics
as central. When the school’s marketing emphasizes great books and Socratic seminars;
when graduation ceremonies feature Latin orations rather than mathematics presenta-
tions; when the school’s identity is built around the trivium rather than the quadrivium—
mathematics, however well taught, is culturally subordinate. Students receive the mes-
sage that the “real” classical education happens in the humanities classroom, and math-

ematics is the thing you do between seminars.

Historical Model Modern Model

(prerequisite) (dominant emphasis)

QUADRIVIUM }
(senior division) .
Arithmetic Geometry 1
Music Astronomy 1
N et o 3
Grammar Logic Rhetoric ! Grammar Logic Rhetoric
TRIVIUM } TRIVIUM

The modern classical education movement recovered the
trivium but largely abandoned the quadrivium—
the very disciplines that Plato, Boethius, and the medieval universi-
ties considered the senior and culminating half of liberal education.

Figure 6: The seven liberal arts as historically structured (left) versus the modern classical
model (right). The quadrivium—the senior, culminating half of liberal education—has
been effectively abandoned in modern practice.

6 Conclusion

The classical education movement deserves enormous credit. Against the tide of progres-
sive pedagogy, utilitarian vocationalism, and cultural amnesia, it has recovered something
precious: the conviction that education is about forming souls, not merely transmitting
skills. It has revived Latin, restored great books to the curriculum, and built institutions

that take intellectual formation seriously.

But it has recovered the tradition selectively, and the selection is revealing. The aspects of
classical education that the modern movement has recovered—Latin, rhetoric, Socratic

discussion, great books—are all verbal, literary, and humanistic. The aspects it has
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neglected—rigorous mathematics, mathematical proof, quantitative natural philosophy—
are precisely the disciplines that the classical tradition itself considered the highest and

most demanding.

This is not a minor oversight. It is a structural betrayal of the tradition’s own hierarchy.
Plato put mathematics above rhetoric. Boethius put the quadrivium above the trivium.
The medieval university required the quadrivium for the Master of Arts. Newton made
his greatest contributions as a mathematician, not as a rhetorician. Jefferson required

calculus of all his university students.

The relative difficulty standard proposed in this paper offers a way forward. It does
not demand that modern students study the specific content of ancient mathematics—
though some of that content (Euclid, especially) retains its value. It demands that
modern students engage with mathematics at a level of difficulty and frontier-proximity
comparable to what the tradition’s greatest exemplars achieved relative to the knowledge

of their own eras.

A classical education that produces students who can recite Virgil but cannot construct a
proof, who can parse Cicero’s periods but cannot graph a function, who know Aristotle’s
syllogisms but not Euler’s identity, has recovered the body of the tradition but lost its
soul. If we truly wish to educate as Plato, Newton, and Jefferson educated—not in their
specific content, but in their spirit and ambition—we must restore mathematics to its

rightful place: not as a subject among subjects, but as the crown of liberal education.
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