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As creatures made in God’s image it is natural for us to order and 
relate the diverse entities we perceive in the world around us to one another; 
hence, we are all to some degree mathematical beings.  This runs counter 
to the common perception that there are two types of people in the world: 
those who have “math minds” and those who do not.  It’s my guess that this 
distinction is a modern one which came into being when the mathematical 
arts were demoted from the liberal arts and math became merely a practical 
skill.

Mathematics is a subject which seems to be especially susceptible 
to the utilitarian view that rules education in our day.  Haven’t we all been 
trapped into trying to justify the study of math by listing its practical uses: 
estimating what the groceries will cost and balancing our check books?  Math 
does have useful ends, but it has much more to offer.

The articles in this issue should help us recover an older, higher view 
of mathematics.  This older conception of education placed the Quadrivium, 
i.e., the mathematical arts, as the four rungs on the ladder that must be 
climbed to reach the high truths of philosophy and theology.  Arithmetic, 
Geometry, Music, and Astronomy were seen as essential preparation of the 
mind for an understanding of the unity and harmony of all things created 
by the one true God in Three Persons.  In Beauty for Truth’s Sake, Stratford 
Caldecott’s most excellent book on the Quadrivium, Caldecott explains 
the importance of “a symbolic approach to number and shape – that is, 
the awareness that mathematics has a qualitative, as distinct from a purely 
quantitative, dimension.  Mathematics is the language of science, but it is 
also the hidden structure behind art…, and its basis is the invisible Logos of 
God.  We do not have to follow the ancient symbolic reading of mathematics 
slavishly, but only be open to the presence of meaning where modern man 
sees none.”

Divorcing the Creator from the cosmos has had a profound effect 
on the teaching of mathematics.  It is understandable that when God, whose 
mind is the ordering principle behind and in all things, is taken out of the 
picture, then mathematics loses its high place as a means for perceiving 
the glory of the Creator and becomes mere mechanics.  And yet, the beauty 
of mathematics is still there in the creation and is still declaring the glory 
of God.  It is this which we should strive to recapture in our teaching of 
mathematics at every level!
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W      hen I am in the middle of a lesson, cooking along 
explaining things, working examples, perhaps rejoicing in 
the beauty of the subject matter (or my own perception of 
cleverness in thinking up a new analogy), there is always 
one question a student can ask that is guaranteed to throw 
me off my groove. That dreaded question is, “Why do 
we have to learn this?” As we get more seasoned and 
experienced as teachers, we perhaps learn ways to set 
things up in the beginning so that students are not tempted 
to ask this question. But even though I have been teaching 
for 16 years now, I still get it from time to time.
 We may as well extend the question to all of 
mathematics. Why should students learn math at all 
beyond the simple skills needed to count change and pay 
bills? The need for learning more advanced mathematics 
may be obvious for students who will grow up to be 
scientists, engineers or financial officers. Naturally, one 
cannot do what an engineer has to do without a substantial 
background in advanced mathematics. But are algebra 
and geometry necessary for everybody? It is very easy to 
think, “Of course everyone has to take algebra! Everyone always 
takes algebra!” But our task is to see if this response can be 
justified.
 For starters, we can probably all think of examples 
that illustrate just how challenging this question is. My 
own youngest daughter, now a senior in high school, 
struggles mightily with math and longs for the day when 
she can be done with it. She does feel bad about this, since 
I am her dad. Still, she wishes she lived in Jane Austen’s 
world, needing only to develop the “accomplishments” of a 
young lady, which happen to be the very things she loves—
music, needlework, drawing, literature, and French. I, too, 
sometimes wish she could live in that world. That would be 
a nice life. 
 A completely different example is found in one 
of the great literary lights of the mid-twentieth century, 
Thomas Merton, author of The Seven Storey Mountain. Many 
of Merton’s formative years were spent in Europe, and as 
a youth Merton set his sights on studying at Cambridge. 
However, the very demanding exams he would have to 
take included mathematics that he had no talent for. He 

almost despaired of realizing his dream but then learned 
that he could avoid the math exams by even higher level 
achievement in the humanities, namely, studying his 
literature in the original languages and being examined 
accordingly. So, in addition to the classical languages he 
mastered and read Italian, French, and Spanish, passed the 
exams, and went to Cambridge.
 It would be difficult indeed in contemporary times 
to design a school that can give prodigies like Merton what 
they need, and still be suitable for ordinary kids, as most 
of our students will be. I think I would be happy for any 
prodigy like Merton or Mozart to focus mainly on where his 
gift lies. I’m not going to worry about whether Mozart or 
Merton ever take algebra. But such prodigies are rare, and 
we must develop a rationale for our schools that applies 
to the other 99.999% of our students. The example of my 
daughter is probably a better example to challenge us as 
we address this question of why students should take 
mathematics. What about the ordinary kids? Why can’t girls 
be taught the way girls in Jane Austin novels were taught?
 Before we develop a justification for including 
math in the curriculum, let’s pause for a moment to 
define the subject. To do this, I would like to make some 
observations about how the human mind works. Classical 
and Christian Education (CCE) schools typically emphasize 
the Trivium—grammar, logic, and rhetoric—and as a result 
students tend to exhibit above average performance in 
written and verbal expression through language. This is 
laudable, but interacting with the world and other people 
in the world through the written word represents only 
one part of human capability. The human mind is also 
wonderfully adept at imagining and discovering patterns, 
and communicating these symbolically. Moreover, as we 
have discovered during the past 400 years with the rise 
of contemporary science, our response to God’s creation 
is sometimes better facilitated by words, as in poetry or 
prose, and sometimes in the form of symbols, as in music 
and architecture. When the subject matter at hand deals 
with patterns, and with communicating ideas about specific 
patterns, communicating through the use of symbols is 
much more efficient than communicating through words.

What Is Mathematics and Why Should  
Students Learn It?
by John D. Mays
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 This brings me to my definition of mathematics, a 
definition that is not original with me. I define mathematics 
as the study of patterns, a study that includes manipulating 
and expressing ideas about patterns symbolically and 
quantitatively. And though I will not be specifically 
addressing the Quadrivium in this essay, it seems to me that 
the key characteristic of the subjects in the Quadrivium, 
and the key thing to be preserved in education from the 
Quadrivium, is the centrality of searching for, identifying 
and describing patterns.
 And now to our justification for including 
mathematics in the classical curriculum. Although it may 
sound strange to those espousing classical education, 
the first reason for teaching mathematics is the sheer 
practicality of well-developed mathematical skills. 
Please do not howl and stop up your ears; I am neither a 
modernist nor a utilitarian. But I ask, as I once was asked, 
“Should classical education be an ideal thing, or a realized 
thing?” Since we are here trying very hard to realize it at 
our schools, we must answer, of course, that it is to be a 
realized thing. Realizing any educational paradigm in any 
culture must involve the practical cultural question of who 
gets educated and why. In our culture it is not only the 
elite who get educated; it is everyone. This is a plain fact of 
democracy. We have no formal class system, we promote 
the freedom of the individual, and we have an educational 
system that has as its fundamental goal the broad education 
of the entire population so that every child has the 
opportunity to make his or her way in the world according 
to his or her own abilities and industry. In this country, in 
this century, education is for everyone and must serve the 
need for everyone to function in contemporary society. 
To do this, education must be practical. This means it will 
include living foreign languages, chemistry, and, of course, 
mathematics. 
 Practicality is defined by the age in which one lives. 
Practicality used to be about computing quantities of seed 
for planting, figuring sizes of parcels of land, or calculating 
exchange rates and unit quantities for commodities. 
Our high-tech age brings different requirements for the 
citizens. Nearly every job in the professional world, and 
many jobs in the trades as well, involve fairly sophisticated 
math. One doesn’t have to be an engineer to get into 
budget forecasting, statistical analysis of surveys, setting 
up spreadsheets, pre-tax paycheck deductions, network 
download rates, amortization, interest and tax calculations, 
cost vs. benefit analysis, the storage capacity of a back-up 
hard drive, and on and on.

 Now, if practicality is one of the reasons for 
teaching math to everyone, it is also one of the criteria 
for determining what mathematics everyone should 
learn. When math is taught to everybody, practicality is a 
primary issue. This is why it is wise to require math studies 
to continue at least through Algebra 2 for all students 
possessing average or above average mathematical ability. 
Just as we expect everyone to gain a serviceable level of 
English proficiency for reading and writing, but do not 
expect everyone to be a writer, so in math we set the goal of 
a serviceable level of math proficiency suitable for life in the 
contemporary world, but do not expect everyone to be an 
expert in calculus. For many students this goal means that 
studies in math continue through Algebra 2, with perhaps 
some introductory statistics.
 A student might reasonably argue that learning 
exponential decay functions or rules for powers and roots 
goes far beyond what is practical for most people. This is a 
reasonable point to make, and my response to it is two-fold. 
First, learning these more advanced skills in Algebra 2 is 
analogous to athletic training. Athletes train with arduous 
exercises, but this does not mean they will repeat these 
same actions in the game. The drills are demanding and 
are designed to get the athletes in shape so they can handle 
the actual game effectively. Similarly, we will expect that 
some mathematical topics and problems will be taught for 
their training value, and not because a particular type of 
relationship or function will be specifically needed in later 
life.
 Second, contemporary issues constantly require 
citizens to think in quantitative terms, particularly in 
terms of a functional relationship between two or more 
variables. Mathematical relationships are now ubiquitous 
in modern society in every discussion of medicine, climate 
change, computer technologies, energy efficiencies, taxes, 
investments, survey results, profitability, trade, and so on. 
Exponential and power/root functions do come up all the 
time in particular fields of endeavor. But more generally, 
learning to handle them trains the mind to think in 
quantitative terms, with legitimate mathematical reasoning.
 We are Americans living in America, and for 200 
years Americans have been world-famous for their interest 
in practicality. If you want to get anyone’s attention in 
our culture today, including the professionals who are 
the parents of our students, you had better have a firm 
grip on the practical side of your discipline. Nowhere is 
this more true than in math and science. The competitive, 
high-tech, corporate-driven world we live in is unforgiving 
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of weaknesses in math and science. If you can’t handle 
the math or the physics, there are plenty of students in 
developing countries who can, and they will take your 
place at the table and leave you to work your way up to an 
assistance manager’s job at Best Buy. Solid skill in math and 
science is very practical.
 This brings me to one final point I wish to make on 
the practicality issue: without mastery (one of my favorite 
topics), no practical skill has been gained, and your efforts 
in the classroom have been in vain. Schools cranking out 
graduates that cannot do math are a dime a dozen. Our 
challenge in the CCE movement is to find a way to break 
through these decades of low performance into a new 
realm of proficiency and competence. Is this possible in a 
democracy? Ultimately, I do not know. But I think if we are 
wise in our efforts we will have our school families on our 
side as we do the hard work of developing a mastery-based 
curriculum.
 So much for the practical value of teaching and 
learning mathematics. But while the modern world may be 
driven almost exclusively by the practical, for teachers in 
schools espousing a classical philosophy, the practical is not 
nearly enough. The reason for this is that as important as 
all the practical things are, they do not even come close to 
exhausting what being human is all about, and the core of 
the classical model of education is the goal of developing 
good human beings, not merely equipping people with 
practical trades.
 Once we crack open the door on classical 
considerations for why we should study math we find that 
the reasons are just as extensive, if not more, as those on 
the practical side of the question. We could, for example, 
consider further my earlier point about the way the human 
mind works, and its capacity for expression in words as 
well as in mathematical symbols (as well as in the forms, 
colors and harmonies that are the raw materials of the arts). 
Or we could consider the matter from Plato’s point of view. 
In the Republic Plato taught that the proper subject for the 
education of a free man is that of being, the realm of the 
transcendent and permanent, as opposed to becoming, the 
realm of the temporal and transient. This was because he 
recognized in humans some kind of eternal, transcendent 
soul, and he viewed the proper task of education as feeding 
that transcendent soul. He saw mathematics as deeply 
connected to permanent, unchanging, transcendent truth, 
and thus a fitting subject for human beings to study. A third 
direction we could go would be to consider the Christian 

doctrine of the cultural mandate, and our understanding 
that Scripture charges God’s people with using Creation 
and all art, science and technology to improve the lives 
of fellow human beings, which is part of carrying out the 
Second Greatest Commandment. Finally, we could consider 
classical education from the point of view of pursuing truth, 
goodness and beauty as a means toward the development 
of wisdom and virtue.
 For the present we will consider only the last 
of these possibilities, the pursuit of truth, goodness and 
beauty.
 A good definition for classical education is the 
development of wisdom and virtue through the pursuit of 
truth, goodness and beauty. This ancient trilogy, reflected 
so vividly in Scripture in passages such as Philippians 
4:8, focuses our attention on the deepest aspects of our 
humanity. G. K. Chesterton once wrote, “Art is the signature 
of man.” Creating or studying art requires the appreciation 
of truth, goodness, and beauty. Interestingly, so does 
making progress in fundamental scientific research. Let’s 
briefly consider truth, goodness and beauty and their 
relationship to mathematics each in turn.
 The nature of truth has become clearer since the 
mid-twentieth century, for now we recognize that science 
and math are not so much concerned with discovering 
“truths” about the universe as they are modeling the 
universe. Students do not generally appreciate this until we 
lead them into discussion about it. Instead, they tend to take 
the findings of math and science as givens, as unchanging, 
eternal verities. But then we lead them to consider that 
science is not about discovering truth; it is about modeling 
the apparently infinite complexity of the natural world 
in an unending attempt to understand it better. And we 
lead them to understand that a similar principle applies 
to mathematics. The most glorious discoveries have 
been realized through learning the language of nature, 
mathematics, beautiful structures that can only be described 
mathematically, such as Maxwell’s Equations describing 
electromagnetism or Einstein’s General Theory of Relativity 
describing gravity.
 But we also know that the connection between 
mathematics and truth is elusive. Kurt Gödel’s 1931 theorem 
demonstrated that mathematics can be consistent or 
comprehensive but not both. And before that the nineteenth 
century realization that Euclidean geometry was merely 
one convenient geometry among many geometries, and did 
not carry truth about the structure of the universe the way 
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people had thought it did since the days of Euclid himself, 
brought many a philosopher to tears. If Euclidean geometry 
was not true, what was it? A great question; one we continue 
to explore. As I said, students do not appreciate these things 
unless we lead them into the discussion. However, once 
we distinguish these studies from truth itself and begin to 
use the arena of mathematics and science as a field for the 
continuing pursuit of truth, a deep and fruitful discussion 
begins.
 Goodness is all around us in math and science for 
the simple reason that God declared his creation “good.” 
Thus, an element of our interaction with nature through 
math and science is the recognition that it is good that the 
apparent diameters of the sun and the moon as viewed 
from earth are nearly the same. It is good that the constant 
of proportionality in the relationship between mass and 
energy is simply the speed of light squared. It is good that 
the number of ancestors in each generation back from 
a given honeybee is given by the Fibonacci sequence. 
It is good that the planets’ orbits may be characterized 
accurately (though not exactly!) by Kepler’s Third Law 
of Planetary Motion. The double helix of our DNA with 
its multiple layers of instructional encoding and its 
capability for self-replication is inexpressibly good. So are 
the navigational abilities of migrating birds, the Doppler-
shift detection capabilities of bat sonar, and the hexagonal 
shape of ice crystals. It is very good that all of nature 
displays a magnificent, sublime mathematical order that 
even non-Christian scientists have described as essentially 
miraculous. And it is very, very good that we humans have 
the cognitive ability to perceive and describe this order—
these patterns—with mathematics. When students learn 
mathematics, the doors to see these things open before 
them. What could possibly be better than learning the 
language in which nature speaks to us, a language that 
enables us to behold the very goodness of God?
 The third object of our pursuit as we develop 
wisdom and virtue is beauty. The relationship between 
mathematics and beauty is nothing short of mystical. It has 
been written about for ages, and illustrated in countless 
ways by countless writers, and yet we never tire of the 
subject. For many decades now scientists have recognized 
that the most valuable physical theories are those that are 

expressible in beautiful equations. Beauty has become 
a research tool, enabling us to probe the mathematical 
structure of the creation further and further. As with truth, 
leading students to see and appreciate the deep relationship 
between beauty and mathematics takes no small amount of 
effort. One has to begin by defining beauty. Then we have 
to establish the criteria we all use, usually subconsciously, 
when we make aesthetic judgments of all kinds. Finally, we 
have to demonstrate how these same aesthetic criteria apply 
in the domain of mathematics. As I said in the beginning, 
mathematics is the study of patterns, and patterns amaze 
and enthrall us with their beauty, from the patterns in a 
carbon nanostructure to those in the endlessly fascinating 
Mandelbrot Set. It is worth the effort to lead students to the 
point where they can consider and ponder beauty through 
the lens of mathematics.
 Why should students study mathematics? We have 
seen that the study of mathematics is eminently practical, as 
practical as knowing how to read and write. And we have 
seen how mathematics provides a forum and a framework 
for the exploration of truth, goodness and beauty, a pursuit 
at the heart of our humanity and at the heart of the classical 
understanding of how humans should be educated. So on 
the question of students studying math, I think at this point 
it is safe to ask, why shouldn’t they?
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Understanding the Current Condition
by Andrew Elizalde

      ince the launch of Sputnik in 1957 educational reform in 
the United States has been generally motivated by a desire 
to be internationally competitive. Unfortunately, cycles of 
reform largely characterized by document-based attempts 
to teacher-proof curricula through standardization and 
high-stakes assessment have proven largely ineffective. 
Recent international assessments measuring the 
mathematical aptitude of students continue to rank the 
United States below the majority of developed countries. 
Corresponding qualitative and quantitative studies have 
identified teaching practices contributing to this ongoing 
mediocrity. Let us now give attention to these practices 
so that we do not continue to repeat the same mistakes. 
Then let us consider those elements of mathematics that 
have been entirely missed due to our recent obsession with 
international competitiveness.
 Teachers taking their cues from oversized 
textbooks are finding their pedagogy inevitably 
compromised. In an effort to increase marketability by 
satisfying not one but rather a multitude of published 
standards, the vast majority of textbooks contain far too 
many sections for any one teacher to “cover” over the 
course of an academic year. Making it to the last page of 
a textbook without skipping sections requires teachers to 
move at a breathless pace, too often achieved by limiting 
instruction to a series of definitions, formulas, and 
prescribed algorithms. Under these conditions, students 
engage in memorization and replication and the skills they 
learn are later quickly forgotten because they were never 
accompanied by genuine understanding.
 Teachers not attempting to flip through every 
page of their textbook still compromise the learning 
experience. Their decisions to include, exclude, emphasize, 
or deemphasize particular content are too often based on 
their own narrow, shallow, and fragmented understanding 
of mathematics. Having often mastered only the content of 
a few grade levels or courses, these teachers are also unable 
to understand the long-term effects of their decisions. The 
scope and sequence that students experience reflects the 
strengths, weaknesses, interests, disinterests, and comfort 
levels of the teachers more than it does a commitment 
to a well-defined curriculum map or set of meaningful 

learning objectives. When critical or prerequisite concepts 
are underdeveloped and peripheral topics are over-
emphasized, it becomes very difficult for students to make 
smooth transitions from grade to grade or course to course.
 Even those teachers who ground their scope, 
sequence, and pacing decisions upon a commitment 
to a core set of state and/or national content standards 
engage students with an anemic pedagogy. Most content 
standards describe skills that can easily be assessed via 
the multiple-choice questions of high-stakes standardized 
testing. Determined to check the teaching of every skill off 
the list, teachers tend to aim almost exclusively at meeting 
objectives of the student-will-be-able-to-quickly-and-
accurately kind. Mathematics is then reduced to individual 
students choosing and swiftly executing algorithms, 
thereby minimizing if not eliminating experiences of 
investigation, adaptation, discovery, contemplation, 
collaboration, perseverance and creative problem solving.
 American students devote anywhere from 15 
seconds to 15 minutes to attempting a single problem. 
The AB Calculus Advanced Placement exam includes a 
section composed of three free-response problems to be 
solved in a maximum time of 45 minutes. On the other 
hand, for a student to attempt every problem of one 
mathematics section of the SAT he/she must maintain a 
pace of approximately 60 to 90 seconds per multiple-choice 
problem. The 15-minute per problem pace is an experience 
limited to a select group of advanced students. Most 
students will resist spending more than a couple of minutes 
on a single problem. Homework problems that cannot be 
solved quickly are typically set aside and asked about the 
next day with phrases such as “I didn’t get number 13.” 
The teacher typically responds with a full demonstration 
(and sometimes an explanation) of the proper steps, then 
asks the student to mimic this example the next time a 
similar problem is encountered. The student never actually 
engages in any kind of significant struggle – the kind 
of struggle that ultimately deepens understanding and 
sharpens critical thinking skills by requiring students to 
select, adapt and experiment with various problem-solving 
techniques. 
 Many students are now under challenged 
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because they are too quickly excused from wrestling with 
problems. The teacher hastily concludes that the student is 
unable to solve a problem when the student shows no signs 
of knowing the first step to be taken, instead of insisting 
that the student make some first move, any move, even the 
wrong move, then another and another and another until 
he/she has exhausted all options. This tendency to excuse 
students from the struggle, to save them with a quick 
explanation, demonstration, and/or prescribed algorithm 
is not present in the classrooms of top-performing nations. 
Instead, we see students being called to the front of the 
classroom to attempt and re-attempt challenging problems, 
to receive the constructive criticism and praise of their 
classmates, and to persevere until a solution is found.
 This fast-paced learning experience leaves little 
time for exploration, experimentation, discovery, and 
argumentation – the processes that were necessary for the 
development of mathematics across history and are still at 
the very core of what real mathematicians do. High school 
geometry is the one course with the greatest potential to 
engage students in these processes through the challenge 
of writing mathematical proofs. Yet geometry students are 
rarely given the time to observe, induce, form, critique, 
refine, organize, and informally express relationships 
between numbers and figures. Instead, students are 
immediately held to a rigid two-column format requiring 
the very deductive reasoning skills that were neglected 
and avoided in prior courses. For the students’ sake 
teachers often limit their consideration to a body of proofs 
requiring a very limited repertoire of predictable and easily 
memorized deductive maneuvers.
 Thinking creatively and critically, assessing 
what you don’t know, what you do know, remembering 
methods/approaches that have worked in the past, 
anticipating the skills you might use, forming an initial 
strategy of attack, stepping forward, assessing progress, 
stepping back then forward again, etc. – these are the 
experiences that make a study of mathematics most 
valuable to other disciplines. When these experiences are 
neglected teachers are then limited to justifying a study of 
mathematics through immediate real-world applications 
represented in the form of “word” or “story” problems. 
Yet the applications are over-simplified, the contexts are 
far removed from the student’s experience, and the “story” 
problems rarely tell compelling stories. For many students, 
word problems such as these simply become annoying 
syntactic translation exercises that are hardly motivating.
 In order to repair mathematics instruction in the 

United States, teachers must first recognize the primacy of 
their own content knowledge. If a teacher’s mathematical 
understanding is fragmented, excessively procedural, 
narrow, shallow, and decontextualized, then that teacher 
cannot reasonably expect the understanding of his/her 
students to become any different. In order for a teacher to 
navigate his/her way through oversized textbooks, identify 
and emphasize essential content, design lessons around 
meaningful learning objectives, engage students in critical 
thinking, appropriately represent and value the struggles 
of problem solving, and teach mathematical reasoning he/
she must know the content well – not just the content of 
a single grade level or course but rather the entire K-12 
curriculum.
 Should the teaching practices identified by 
recent research be corrected by teachers recommitted to 
increasing their content knowledge and refining their 
pedagogy, the United States might rise in the rankings 
but the mathematical experience of students would still 
remain incomplete. Why? Because our obsession with 
international competitiveness has caused us to completely 
neglect those immeasurable characteristics of mathematics 
that make mathematics most lovable. Coherence and 
contextualization must be gained through the integration 
of the historical narrative – its master works and colorful 
personalities. Students must have their attention drawn to 
universals encountered in mathematics, truths indicative of 
something eternal and greater than the mathematics itself. 
Time must be devoted to contemplation of the sheer beauty 
of mathematics. Mathematics must be recognized as a 
language inexplicably able to describe natural phenomena, 
enabling us to better understand God’s creation and praise 
Him for His majesty.
 Let us repair these ruins.

Andrew Elizalde earned a B.A. degree at Depauw University 
where he received the H.E.H. Greenleaf Award as the most 
outstanding graduate of the school’s mathematics program. 
At California State University Long Beach, he obtained a 
teaching credential with a professional-clear qualification for 
his coursework regarding exceptional children and technology 
integration. Andrew currently serves as Dean of Academics, 
Lower School Principal, and Mathematics Department Chair 
at Veritas School in Richmond, Virginia. Andrew also regularly 
offers consulting services to schools striving to teach mathematics 
with a distinctly classical and Christian framework and 
pedagogy. Andrew and his wife, Brooke, have three daughters and 
are members of All Saints Reformed Presbyterian Church.



properfoundations

10 Fall 2013 • Society for Classical Learning

Arithmetic: Leading the Mind toward Truth
by Thomas I. Treloar

“           e must endeavor to persuade those who are to be the 
principal men of our State to go and learn arithmetic, not as 
amateurs, but they must carry on the study until they see the 
nature of numbers with the mind only; … arithmetic has a very 
great and elevating effect, compelling the soul to reason about 
abstract number, and rebelling against the introduction of visible 
and tangible objects into the argument.”  

Plato, The Republic, Book VII

 In the study of mathematics, the elementary school 
curriculum is of vital importance as it is necessary first to 
lay the proper foundation for further study.  If the purpose 
of mathematics is to describe order in the universe and to 
hone reasoning skills, then elementary mathematics must 
prepare the student for such studies.  Just as the typical 
first grader is not ready to read Shakespeare, the typical 
first grader is not ready to tackle the first book of Euclid’s 
Elements or the quadratic formula.
 To develop the critical thinking necessary for the 
study of advanced subjects, basic skills must be mastered 
and the child’s mind prepared for this endeavor to be 
successful.  In mathematics, this begins in the elementary 
grades with the study of arithmetic.  
 Arithmetic is the study of quantity and the 
relationships between quantities beginning with the decimal 
system for representing whole quantities, progressing 
through the elementary operations of addition, subtraction, 
multiplication, and division, and extending into the study 
of parts of a whole or fractions.
 Arithmetic, at its most basic level, is an abstraction 
of the physical world. In some ways, it is one of the first 
formal abstractions to which a child is exposed, and its 
study is expected of every student.  The meaning of a 
quantity and how it is represented is linked to reality, as 
are the meanings of the arithmetic operations.  Certain 
situations lead to the addition of numbers, while others lead 
to subtraction.  Still others lead to multiplication or division.  
 There are three meanings which can be attributed 
to an addition problem.  They are increasing, combining, 
and adding the difference.  If we do not know them and 
the subtle difference each meaning represents, we will 
not understand the complete picture of addition or why 

students almost universally struggle with one in particular, 
adding the difference.  
 To go further, each of these meanings corresponds 
to a meaning in subtraction.  Beginning to understand 
analogues and differences at this level will help students as 
they progress in the subject.  
 It is often forgotten that there is not one, but 
two physical meanings describing division.  It is a lack 
of the second concrete model for division that leads to 
many of the difficulties in assigning meaning when the 
time comes to study division which involves fractions.  
Without this understanding we are left to rely solely on 
rote memorization of an algorithm for our knowledge of 
division by fractions.
 The connection between the concrete and the 
abstract is one of the aspects of mathematics that had 
the ancient Greeks singing its praises.  Mathematics is 
grounded on the concrete level, and this grounding is vital 
to initial understanding.  However, the concrete can be 
discarded and knowledge advanced through reasoning.  We 
should not forget, though, that we can (and occasionally 
must) return from the abstract to the concrete to ‘test’ our 
reasoning and understanding.  This is how we can prepare 
a child’s mind for higher thought.  The connection between 
the concrete and the abstract displays an undeniable truth 
and beauty in mathematics for those who seek it.
 How is the study of arithmetic to be approached?  
Consider the following quote from the 1960s book A Parent’s 
Guide to the New Math by Evilyn Sharp:“If you read in your 
child’s book that 3+4=2, don’t be startled.  It does in the modulo 
five system.  Also 4+1=0, 3+3=1, and 4+4=3.  In other words, 
nothing is sacred anymore.”
 Contrast this quote with the words of Johannes 
Kepler, seventeenth-century German physicist best known 
for his work on planetary motion.

The chief aim of all investigations of the external world 
should be to discover the rational order and harmony 
which has been imposed on it by God and which He 
revealed to us in the language of mathematics.

 
 Ms. Sharp, with her comment, seems to imply that 
there is nothing foundational, there is nothing which is to be 

“W
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taken as true, and that order and harmony – if such things 
exist – must therefore be relative.
 Unfortunately, many would not argue too 
strenuously with this notion.  People often see mathematics 
as a compilation of miscellaneous facts and algorithms 
that must be memorized to be mastered.  It is a subject 
where students are told order and harmony exist, but these 
seem murky at best.  This failing has been present in the 
American educational system going back many years.
 We must reject Ms. Sharp’s implication that there 
is no foundation – no truth – in mathematics.  In fact, 
mathematics builds on previous knowledge as no other 
field does.  Concerning the structure of mathematics, Ron 
Aharoni in Arithmetic for Parents writes, 

There are other fields in which knowledge is built on 
previous knowledge, but in no other field do the towers 
reach such heights, nor do the topmost layers rely so 
clearly on the bottom ones. …  The secret to proper 
teaching of mathematics lies in recognizing these layers 
and establishing them systematically. 

 There is no question that the mastery of basic 
skills is a major part of arithmetic.  If elementary math 
facts are not memorized, each time a student moves to a 
higher concept too much time and energy will be wasted 
recalculating what could have been easily mastered.  
Additionally, memorization is a key component of the 
curriculum at just two points in elementary arithmetic.  In 
first grade, students must master addition facts.  In third 
grade, students must master multiplication facts.  However, 
memorization is not the only part of arithmetic and the 
student must also have an understanding of how layers fit 
together, how the new concept follows from that which has 
been established.
 When teaching Differential Calculus, very early in 
the semester I give what is called an Algebra Mastery Exam.  
Why is this valuable?  To illustrate the concepts at the heart 
of calculus, those concepts need to be placed in an algebraic 
setting.  At that point, students cannot afford difficulties 
with algebra.  Algebra has become the tool used to open up 
the ideas which lead to the study of movement and rates 
of change.  If students are still struggling with algebra and 
other necessary background material, they will be unable to 
appreciate or understand the new concepts being presented.
 In the same way, when a student studies algebra, 
arithmetic becomes the tool to understanding.  Without a 
solid foundation of arithmetic, the student will struggle 
in the setting of algebra and will therefore not fully 

understand the new concepts under consideration or how 
these new concepts follow from what should have been 
established.
 Ron Aharoni continues his discussion of the 
structure of arithmetic,

The same (structure) is true in elementary mathematics.  
However, since it deals with the bottom of the tower, 
the number of layers it establishes is smaller.  There is 
no long chain of arguments as in higher mathematics.  
This is one of the reasons it is appropriate for children.  
Elementary school mathematics is not sophisticated, but 
it contains wisdom.  It is not complex, but it is profound.

 The profound nature and wisdom in arithmetic can 
be found at every stage of its study.  It is seen in a study 
of the decimal system and its relationship with arithmetic 
operations.  It can be seen in the time-tested algorithms 
for multi-digit addition, subtraction, and multiplication.  
There is wisdom in understanding how the long division 
algorithm is of a different nature than the other arithmetic 
algorithms.  Finally, it is seen in the study of fractions, or 
parts of whole numbers.  
 As an illustration of the heights reached in 
arithmetic, let us consider division by fractions.  The 
knowledge needed for understanding this concept is 
substantial.  Required is a strong grasp of the meaning 
of fractions, along with the multiplication of fractions 
and inverse operations.  Also needed for the study 
is an understanding of the meaning of division by 
whole numbers.  These in turn require knowledge of 
multiplication of whole numbers leading down a path 
which includes mastery of addition and the decimal 
system. To fully understand this sixth grade concept, one 
must follow a chain of reasoning which ends all the way 
back in first grade mathematics.  Reaching these heights 
in elementary school will provide students the solid 
background and understanding necessary for the study of 
upper school mathematics.   
 To fully understand division by fractions, one must 
go much deeper than the old saying, “Ours is not to reason 
why, just invert and multiply.”  
 This saying is still in use today; at least it is in 
use when the curriculum is rigorous enough to require 
computational proficiency of division by fractions.  In 
Knowing and Teaching Elementary Mathematics, Liping Ma 
points to the lack of understanding in elementary school.  
From her study, only 43% of sampled teachers in the United 
States showed computational proficiency of a division-by-
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fractions problem and only 4% could display conceptual 
understanding by giving a word problem or model 
describing a division-by-fractions problem.  
 As a comparison, all of the Chinese teachers in Dr. 
Ma’s study could display computational proficiency and 
90% could display conceptual understanding.  This should 
give us a strong indication of a fundamental reason China 
consistently outscores the United States on international 
exams in mathematics.
 More importantly, if we are to lead our students 
to discover “the rational order and harmony which has been 
imposed on (the natural world) by God” by finding the same 
order and harmony in mathematics, and if we are to 
help our students “see the nature of numbers with the mind 
only”, then we must first have a deep understanding of 
the fundamental concepts of the subject and how those 
concepts fit together.  How can we teach our students what 
we ourselves do not fully understand?
 As educators, it is vital that we continue to strive 
to better understand, both procedurally and conceptually, 
the mathematics we teach.  I have studied mathematics my 
entire life and, upon returning to its study, I am still amazed 
at the subtleties that I find in the relationships between the 
ideas of arithmetic.  Developing a strong procedural and 
conceptual understanding is crucial to developing that 
understanding in a student.
 It is not just in the successful continuation of 
the study of mathematics that we should consider our 
understanding of mathematics.  The notion of foundational 
ideas – of truth – in education can probably be seen in the 
study of mathematics more clearly than in any other subject 
taught in many schools.  If the foundation – the truth – is 
left out of mathematics, there will be few places for it to be 
seen in education at all.  
 In Mathematics for the Non-mathematician, Morris 
Kline writes of the importance of mathematics in preparing 
the mind for higher thought.

The abstractions of mathematics possessed a special 
importance for the Greeks.  The philosophers pointed out 
that, to pass from a knowledge of the world of matter to 
the world of ideas, man must train his mind to grasp 
the ideas.  These highest realities blind the person who 
is not prepared to contemplate them.  He is, to use 
Plato’s famous simile, like one who lives continuously 
in the deep shadows of a cave and is suddenly brought 
out into the sunlight.  The study of mathematics helps 
make the transition from darkness to light.  Mathematics 
is in fact ideally suited to prepare the mind for higher 
forms of thought because on one hand it pertains to the 
world of visible things and on the other hand it deals 
with abstract concepts.  Hence through the study of 
mathematics man learns to pass from concrete figures to 
abstract forms; moreover, this study purifies the mind by 
drawing it away from the contemplation of the sensible 
and perishable and leading it to the eternal ideas.

 By preparing the student’s mind, by showing him 
the truth portrayed in mathematics, even in arithmetic, 
he will be ready not only for the study of higher level 
mathematics, but he will also be better prepared to grasp 
truth in all areas of study.
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The 1, 2, 3’s of Wondering: Developing a  
Curiosity for Numbers
by Doreen Howell

       he day started like most other school days when I 
was in the first grade; Mrs. Schwartz instructed us to take 
out our Big Chief Tablet and, using our rulers, draw ten 
columns and then write the numbers from 0-100 with 10 
numbers in each column.  Now I am fairly certain that 
most of you probably don’t know what a Big Chief tablet 
is, and you probably never did this exercise daily for weeks 
on end.  But, that doesn’t matter; the most important thing 
is that after weeks of writing the numbers I was about to 
make an amazing discovery that I was sure my teacher 
didn’t know.  Much to my amazement, every number in the 
second column was just like the first column, but each of 
the numbers in the second column had a “1” in front of it, 
and the third column had a “2” in front of each number and 
so on.  That was an amazing discovery for a six-year-old.  I 
kept this secret to myself for a few days and played with 
a wide variety of ways to write all one hundred numbers, 
without going in order.  But I thought I might be cheating, 
so I decided to tell Mrs. Schwartz about this mind-bending 
discovery.  She seemed just as surprised as I was, and she 
responded with, “That’s interesting.  I wonder what else 
numbers can do?  I wonder what numbers after 100 might 
do.”  That was all I needed to challenge my thinking in 
the first grade.  This response prompted many questions 
and a curiosity about numbers that lasted for many years.  
Through the early years I found that numbers were always 
logical and orderly, but my questions and curiosity were 
sometimes illogical and random, yet amazingly I learned 
through those experiences as well.
 Mrs. Schwartz could have crushed my curiosity by 
blowing me off, but she didn’t and I didn’t become one of 
those people who say, “I’m just not a math person,” which 
is such a sad thing to hear because numbers can really be 
fascinating.  Many times a dislike for math comes from 
the teacher or parent, who unwittingly makes a comment 
or cuts short a student’s natural curiosity for numbers.  
Students, particularly young students, need a “Mrs. 
Schwartz.”
 Dr. Samuel Johnson (1709-1784) once said, 
“Curiosity is one of the permanent and certain 

characteristics of a vigorous mind.” And if there was ever a 
need for “vigorous minds”, it is now, and if there was ever a 
subject that could offer so much about which to be curious, 
it is the subject of numbers.  Here are four things you can do 
to develop vigorous minds in students for numbers.

Create an environment of curiosity.
To create an environment of curiosity, you must first be curious 
yourself.  Spend some time dwelling on the character of the 
Creator of numbers.  God must like numbers because He 
used them often and we see great patterns in His creation.  
Recently, I asked my Sunday morning Bible study group, 
“What is God’s favorite number?”  That launched a lot 
of discussion and a list of questions that took the study 
beyond Sunday morning.  There is no Scripture that says, 
“God’s favorite number is ---,” but it has made all of us pay 
closer attention as we read and studied the Word together.  
 Look around you and see all the places you find 
numbers and what you need to know about those numbers.  
Can you estimate your total grocery bill before you get 
to the check-out?  Is “tax-free” weekend really a good 
deal?  Telephone numbers, ID numbers, speedometer, 
temperatures around the nation, speed limits, prices for 
new cars, or new clothes – numbers are everywhere and 
every day you have to calculate something.  If you don’t 
believe it, keep a number diary for a week and see how 
often you do something with numbers.
 Try to discover some of the characteristics of 
numbers and draw your own conclusions without 
depending on a book to tell you the answers.  After you 
stimulate your own curiosity, you will probably have some 
questions and develop some ideas for letting students 
make some grand discoveries of their own.  Think about 
the things related to numbers that might be problems for 
students.
 Heighten curiosity in the classroom by showing the 
importance of numbers.  I taught third grade for several 
years and noticed fairly early that third graders do not 
like to “guess” or “estimate”.  They want a definite answer 
and will either not guess at all or be outlandishly silly in 
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guessing.  Knowing this and knowing that my class had just 
voted earlier that year to add blue to the M&M color mix, I 
took a very large glass jar and filled it with M&M candies 
(not peanut of course), but as I filled the jar, I counted the 
number of each color of the M&Ms.  Day one, I placed the 
jar on a shelf all the students could see and asked them to 
answer this question on a sticky note, “How many blue 
M&M s are in this jar?” and as predicted the guesses verged 
on ridiculous, but when the person who was closest to the 
correct number received a baggie with the correct number 
of blue M&Ms in it, the class saw this was more than a silly 
guessing game and they got serious.  Every day I removed 
the previous day’s color of candy from the jar and then 
asked the same question using a different color.  The last 
day, when there were only brown candies left in the jar, I 
had to delay the presentation of the winner’s bag of M&Ms 
because three students had guessed 12 more or less than 
the total.  But the amazing thing was not their increased 
ability to estimate, it was the question that followed, “Why 
are there always more brown M&Ms in a bag?” followed by 
my question, “Are there always more brown candies in the 
bag?”  You can imagine where we went from there.  Today 
our conclusions are no longer true, but I do wonder which 
color is the most prominent?  I bet it is blue.
 Teach older elementary students about averaging 
their grades.  Highly competitive classes will go crazy with 
this and some of the more curious will figure out what 
grade they need on the next test to raise or maintain their 
averages.  Use the skill of averaging to answer questions 
like, “What is the average size family in our class?” and 
then deal with the hilarity of half a person.  During a study 
of the American Civil War, a student found a source that 
said the average height of a soldier was 5 feet and 8 inches 
and the average weight was 145 pounds.  A quick-thinking 
teacher followed that with, “I wonder what the average 
height of our class might be?”  You see numbers aren’t just 
in math.  
 Older elementary students are interested in 
spending money.  The week before Christmas break is not a 
great time to teach new concepts so an enterprising fourth-
grade teacher told students that they had a pretend $200 to 
spend on Christmas presents for family and friends.  She 
gave them a stack of catalogs and a worksheet with the 
instructions that they didn’t have to worry about shipping, 
but did have to figure the tax.  The students loved the 
project and also found that the money didn’t go as far as 
they had expected.  While studying Colonial America, a 
student stated that the colonists should have paid the tea 

tax since it wasn’t very much.  The ever-planning teacher 
had a box of receipts she had saved from a wide variety 
of stores.  She cut off the tax and total and then had the 
students figure the total and then figure the tax at their 
area’s tax rate.  The result was an eye-opening exercise for 
both students and teacher.
 A second grade teacher asked the students in his 
class to name as many pairs of things as they could in 
the world around them.  Of course, he had two eyes, two 
ears, etc., and his list was about 10 things, but the students 
couldn’t quit with ten and after several minutes there was a 
very interesting question: “Why do we have a pair of pants 
when it is really just one piece of clothing?”  Ponder that 
one for a while.  All of these were great activities, some of 
which were planned but generated unexpected questions.
 Sometimes curiosity can be planned and sometimes it is 
spontaneous; keep your ears open and your mind engaged. Think 
about all of the subjects you teach each week; where are the 
numbers in those subjects?  What can you do to enhance 
your student’s curiosity about the numbers in that lesson?

Encourage questions.
First grade for me was one of two of the most wonderful 
times of my elementary education years; the other, by the 
way, was fifth grade.  I had lots of questions about a lot of 
things, and looking back on that first year, I think I may 
have driven Mrs. Schwartz crazy, but she never let on.  
She always promised to answer my questions under the 
condition that I would complete my work.  I am sad to say 
that this attitude did not carry over to my second-grade 
teacher, who one day in her frustration, angrily said to me, 
“Stop asking so many stupid questions.”  I obeyed; I never 
asked another question in class until I was in graduate 
school.  Even when I was older, I still believed my questions 
were stupid.  That is the power of any teacher especially 
over the mind and emotions of young children.
Children need to know that no question is stupid; it is 
just sometimes ill-timed, or rude and self-centered when 
others are being neglected, both of which are social skills 
to be taught.  Questions can be deferred, but don’t forget 
to get back to the student who asked.  A third grader 
was barraging his teacher with many questions and it 
was driving her crazy.  I gave her a note pad and told 
her to have this curious young man write his questions 
that weren’t related to the topic on the pad and then 
set a time to talk about them later in the day and don’t 
conveniently forget.  Much to the teacher’s delight this 
young scholar learned appropriate interaction and his daily 
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list of questions became shorter and more insightful.  Not 
surprisingly, he later became a National Merit Scholar.  Be 
careful and don’t kill their enthusiasm.
 “But,” you say, “my students don’t ask questions.”  
That is not surprising; several studies have shown that 
in our age of “I-phones, I-pads, I-pods, and I-everything 
else” students are becoming less socially interactive, except 
through on-line social media.  It is time to reverse the 
trend and uncover their curiosity and let the sun shine on 
astounding discoveries.  If students aren’t asking questions, 
then ask questions you might have.  Draw their attention 
to fascinating details.  Take a cue from Albert Einstein, 
who said, “I have no special talent.  I am only passionately 
curious.”

Learn together.
Learn together.  One of the joys of learning is making 
discoveries with others.  One child can spark an interest 
in another for the wonder of numbers.  Students love 
to hear a teacher’s personal stories about discoveries.  
Share your own discoveries about numbers and where 
those discoveries led you.  Allow students to share their 
discoveries with the class; oh my, you may even teach some 
rhetoric skills.

Teach a number trick and then say, “Let’s see if it works all the 
time.”  Here is a trick for multiplying 2-digit numbers by 
11.  Add together the two digits of the number you are 
multiplying by 11.  Separate the two digits and put the 
added number between them.  If the added number is ten 
or more, add the first digit of the added number to the left-
hand number and you have your answer. 

Example  1  Example 2
31 X 11   76 X 11
3 (3+1) 1 7 (7+6) 6
3 4 1 7 (13) 6
Answer 341  7+1 3 6
   Answer 836

 Remember this is for multiplying 2-digit numbers 
by 11; does it work every time?
 What would you have to do if you were 
multiplying a 3-digit number by 11?
 Do you notice a pattern?  Using a chart similar to 
the one I drew every day in first grade, ask students to 
find various patterns that they can see.  Where are all the 
numbers divisible by 5?

 Do you notice a pattern of odd and even numbers?  
There are so many things you can find with young children 
by helping them notice details.
 What am I missing?  Sometimes feigning ignorance 
or intentionally making mistakes can show students that 
they really do know how to work with numbers and 
may even keep them watching so they can find your next 
mistake.  One of my favorite math lessons was the day that 
I taught some third graders the steps in long division using 
the “Family” mnemonic: “Daddy, Mommy, Sister, Brother” 
= Divide, Multiply, Subtract, Bring down.  We did several 
problems together and then I started doing them on my 
own and purposely adding instead of subtracting, until one 
young man, who really didn’t like math, frustratingly said, 
“But Mrs. Howell, you’re leaving out the sister and bringing 
in the Aunt.”  That was a moment worth celebrating.

Celebrate Discoveries.
Celebrating discoveries is an important step toward 
motivating the students to be more curious.  The teacher’s 
attitude that kept me motivated was an attitude of 
celebration.  Even though I know now that Mrs. Schwartz 
already knew the discoveries I was making, she always 
made those experiences full of wonder and celebration.  I 
made the discoveries myself and she encouraged more.  
Celebrating the discovery of one student can be motivating 
to another to make his own discoveries that should be 
celebrated with as much joy as the discoveries of the first 
student.  Pay attention to the little things they learn and 
then wonder out loud about the next step.  Don’t leave out 
the quiet child, the shy child, the defiant child; find the 
celebrations for all of them.  It is these celebrations that will 
motivate not only the students, but you will find much joy 
in teaching every day.  
 Teachers of students between the ages of 5 and 12 
are critical in the development of student attitudes about a 
wide variety of subjects.  Maybe math is not your favorite 
subject, but you too can be a “Mrs. Schwartz” for someone.  
Make them curious.

Doreen Howell is currently the Associate Head of Regents School 
of Austin, in Austin, Texas.  She has been in education for 
almost 40 years and has been part of the Classical and Christian 
movement for 20 years and for many of those years has been a 
consultant and trainer for classical Christian schools all over 
the United States.  Doreen and her husband Ron have one adult 
daughter who is an alumna of Regents.
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Euclid’s Elements and Mathematics as a  
Liberal Art
by Arron KauI  f we are to recover what has been lost in education, one of 

our most challenging tasks will be to reclaim mathematics 
as a liberal art. In particular, math faces not just the general 
challenges that confront other liberal arts but also the far 
more difficult problem that it is eminently useful. While this 
can and should be a strength, it has led, even in classical 
schools, to a pedagogy of mathematics that neglects and 
even undermines what should be math’s most significant 
contribution to a liberal education. 
 That mathematics could be misunderstood, some-
times even by those teachers who hope to impart it to their 
pupils, should not be terribly surprising. From at least the 
time of Pythagoras, mathematics has carried the flavor of 
the mystical. There is something both terrible and won-
derful about the world of ideas in which triangles and 
theorems and prime numbers contrive to perplex even the 
brightest among us. Mathematics is at the troubling inter-
section of a world that is both so ephemeral that one can 
never quite pin down its true reality and yet so absolute 
that it seems to mercilessly break us and our faulty under-
standing. What is certain, however, is that the practitioners 
of mathematics view it as an expression of beauty that 
touches their very souls; they speak of themselves as artists 
and explorers. Paul Lockhart said that “to do mathematics 
is to engage in an act of discovery and conjecture, intuition 
and inspiration; […] to be awed and overwhelmed by an 
almost painful beauty.”   Carl Friedrich Gauss claimed that 
“the enchanting charms of this sublime science reveal them-
selves in all their beauty only to those who have the courage 
to go deeply into it.”    According to Socrates, mathematics 
is “the easiest way for [the soul] to pass from becoming to 
truth and being.”   And while these selections could con-
tinue, let a statement from G. H. Hardy encapsulate the 
whole: “A mathematician, like a painter or poet, is a maker 
of patterns. If his patterns are more permanent than theirs, 
it is because they are made with ideas.”   In short, mathema-
ticians view their subject as one filled with wonder, delight, 
and human flourishing. 
 We ought to ask then why so few of our students de-
light in the study of mathematics. How does a subject that, 

according to Socrates, is ideally suited to provoke our souls 
to wonder turn into something unfulfilling and “boring”? I 
strongly suspect that the dissonance between our students’ 
perception of the subject and Socrates’ description has much 
to do with our approach to the subject. It may even be the 
case that we have fundamentally misidentified mathemat-
ics itself. Consider Aristotle’s distinction between the the 
“servile” arts and the “liberal” arts: 

For both a carpenter and a geometrician look for a 
right angle, but in different ways, for the one seeks 
it to the extent that it is useful to the work, while the 
other seeks for what it is or what it is a property of, 
since he is someone who beholds the truth.

 In our textbooks, our testing, and our typical lecture-
and-drill classroom structures, we imply to our students 
that mathematics is about useful answers. As a result, stu-
dents often come to believe that mathematics requires noth-
ing more than carefully following predefined procedures.   
It is remarkable and troubling how deeply they internalize 
this lesson and how thoroughly it destroys their relation-
ship with the beautiful wonder of mathematics. 
 The impact of what I now call “the liturgy of the math 
book” can be clearly seen in a story from a seventh-grade 
course I taught several years ago called “The Logic of Math-
ematics.” Students in the course were already proficient 
in the skills of arithmetic, and so the class was aimed at 
preparing them for 8th-grade algebra through mathematical 
thinking, introductory logic, and problem solving. Students 
in the class were routinely assigned very difficult (or impos-
sible) problems to work on for homework: assignments 
included constructing a map that requires five colors to pre-
vent adjacent color-duplicates (impossible), finding a path 
across all the seven bridges of Königsburg without crossing 
any twice (impossible), decrypting secret messages using 
frequency analysis (very difficult), and many other similar 
tasks. Students understood that they wouldn’t always reach 
perfect answers, but they were required to share what they 
had done and how it had (or had not) worked with their 
classmates. The homework policy for the class was a 30 
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minute maximum; students were never required to work 
more than 30 minutes although they often did so willingly 
because they enjoyed the work we were doing. For months, 
I assigned difficult or impossible problems every week with 
no complaints and with great success. 
 One day in the middle of the third quarter, however, 
I made the mistake of assigning students a single page of 
story problems from our class textbook. While we had done 
many problems like these before, this was the first time 
in the year we had actually used the textbook. Like most 
mathematics textbooks, my students’ books had instruc-
tions before the problem section explaining procedures 
and it also contained answers to odd-numbered exercises 
in an appendix in the back of the book. To my surprise and 
consternation, the presence of those instructions and an-
swers fundamentally changed my students’ relationship to 
their work. The next day, they came to class frustrated and 
perplexed; many of the students had failed to complete the 
work or even to attempt many of the problems. They com-
plained that I hadn’t “shown them how to do it” I received 
concerned calls from over 25% of their parents during the 
course of the week. All of this came out of relatively easy 
work that my students had completed successfully many 
times before, and in a class where impossible problems had 
become somewhat routine. The presence of the answers 
and the “right” procedures in the textbook reconfigured 
the meaning of mathematics for the students. Rather than 
tasking themselves with investigation and understanding 
as they had previously done in the class, they reverted to 
a prior (and deeply ingrained) understanding of their role. 
The complaints stemmed from their rediscovered belief that 
their job was to carefully follow instructions, and, in that 
narrative of math class, I had failed to complete my role as 
their teacher (which was, of course, to provide the instruc-
tions to be followed). 
 My students so quickly forgot what we had spent the 
year learning that it was clear they had already been well-
trained to think of mathematics in a different, more me-
chanical way. Our culture exalts STEM education because 
it is useful to a technocratic society, not because it produces 
wonder in those who study. If we are to redeem math, then 
we must relearn an older way of thinking about it, and a 
different pedagogy that ranks contemplation higher than 
utility. 
 While the Greeks recognized that mathematics was 
useful, they were very careful to distinguish between study-
ing math “like a shopkeeper” and studying in such a way 
as to enrich one’s own soul. While the two are not mutually 

exclusive, they believed that we must endeavor to remem-
ber that “one ought not to demand a reason in all things 
alike […], but it is sufficient in some cases for it to be shown 
beautifully that something is so.”   If we allow the pressures 
of curricular content, standardized testing, and procedural 
mastery to overwhelm the delight of simply finding and 
understanding—of recognizing a truth that is not of our own 
making but nevertheless is true—we run the very real risk 
of training our students in a great many useful skills but 
missing the goodness that considered and careful contem-
plation of mathematics can provide. 
 One way to view this different pedagogy in action is 
to examine one of the most successful textbooks of all time: 
Euclid’s Elements. It is somewhat surprising that in all of the 
enthusiasm for ad fontes in classical education, there has not 
been more of a public cry for the study of the great works of 
mathematics in our schools; nevertheless, whatever justifi-
cation there might be for neglecting Newton and his flux-
ions or Dedekind’s “cuts” in the rational numbers, it is hard 
to imagine a good reason to withhold from our students the 
book that, short of the Bible, has been printed more than 
any other and that has stood for over two thousand years 
as a mark and milepost of education. While the problems in 
modern mathematics education are deeper than any single 
book can solve, considering the approach and pedagogy of 
the Elements can certainly help to cast the study of math-
ematics in a freer and more humane light. 
 It is striking that such an important and long-lived 
textbook should be so inscrutable in a modern classroom. 
There are no exercises, no answers in the back, no helpful 
mnemonics, and not even any explanations, save the propo-
sitions that constitute the body of the text itself. It is utterly 
incompatible with a “lecture and practice” pedagogy. The 
text, however, is unquestionably beautiful: “A point is that 
which has no part,”   may not be the clearest definition ever 
given, but it certainly invites the students to consider care-
fully what is the nature of the objects they are setting out to 
study, and it demands of them their attention and care. The 
Elements invites the reader to participate and to wonder.
 Euclid’s work also demands a conceptual, rather than 
a procedural, attentiveness from the student. The focus 
of the text is not a set of algorithms to be memorized but 
instead a rising tower of mathematical claims, each build-
ing upon the last and carefully demonstrated. The student’s 
task in reading Euclid is not, primarily, to be calculating 
or remembering but, rather,  understanding. In my experi-
ence with the text, both as student and teacher, the surest 
way to bring the mathematics present in the Elements to life 
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is to enact it in the classroom through presentations and 
conversation. As students labor at the blackboard to prove 
and convince their peers that the claim made in the text is, 
in fact, true, they embody and dramatize the mathematical 
tension of the propositions themselves. Even in stepping 
through Euclid’s own demonstrations, students make the 
thoughts their own as they speak them and defend them to 
their classmates. To bring the Elements into the classroom 
requires that we invest the students in the life of the math-
ematics under consideration. If we were instead to present 
the “material” of the text as something to be memorized 
and merely repeated, the nature of the Elements means that 
we would almost certainly fail. The excessive detail and pre-
cision of a geometric demonstration only makes sense in the 
context of its conceptual aims, and none but the most eidetic 
of students could successfully memorize the proofs without 
understanding them. Thus the Elements invites us to a more 
participatory and living mathematics classroom, where 
students are not just an audience to the work of thinking 
through patterns and procedures but must themselves be 
active contributors. 
 The most important lesson we can take from Euclid’s 
work is the idea that student participation in mathemati-
cal thinking must take precedence over the delivery of the 
relevant content knowledge (useful though that material 
may be). The Elements certainly provides a great deal of 
important mathematical insight, but always with the aim 
of demonstrating “beautifully that something is so.” How 
else could we explain the doubled proof of the Pythagorean 
theorem in the text, once as the capstone of Book I, and 
then again, with more generality and greater meaning in 
Book VI? Not content to show merely the truth of this great 
theorem, Euclid proves it once and then spends hundreds 
of pages teaching about ratios so that he can present it again 
in a more compelling and beautiful way. The fact of the 
theorem, that a2+b2=c2, where a and b are the sides of a right 
triangle and c is the hypotenuse, is known to almost any-
one with mathematical experience. What Euclid presents, 

however, is a call to us to understand and contemplate the 
relationships that give rise to this fact and a carefully con-
sidered path that can lead us to that understanding.  
 Our students are rational, worshipping beings created 
in the image of the triune God. Insofar as our approach to 
mathematics requires them to slavishly follow instructions, 
chasing what is useful rather than joining in the pursuit of 
truth that mathematics can and should be, we have dishon-
ored them as well as the One who created the universe and 
its order. However, if we ignore the clamor of a culture that 
exalts utility above all other consideration and instead allow 
our students to enter the study of mathematics as partici-
pants rather than just recipients, we might sacrifice some 
efficiency, but in exchange, they might someday be able to 
say in agreement with Edna St. Vincent Millay, in wonder 
and delight, that “Euclid alone has looked on Beauty bare.”  
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Discovering the Deeper Magic: the Dialectic 
of Math
by Matt BiancoM            ath is not just foundational; it can take a student back 

to the foundations of the world. Like the deeper magic by 
which Aslan defeats the White Witch, math provides a view 
of the abstract that makes more of the deep, the unseen, 
the mysterious, visible to the student. Conversations with 
someone who loves calculus can engage the student’s 
imagination at this very point. These individuals have 
glimpsed into the deeper magic and are excited to share 
what they have seen about God, creation, truth, goodness, 
and beauty. Many of these things can only be seen through 
the understanding of higher-level math; other things, if not 
completely clear, can be seen more abundantly. Might it be 
possible to have a conversation about math in the same way 
we would discuss a great book?

 Conversations bring vision; they heal blindness. In 
Plato’s Meno, Socrates warns, 

We must, therefore, not believe that debater’s argu-
ment, for it would make us idle, and fainthearted men 
like to hear it, whereas my argument makes them 
energetic and keen on the search.

 The questions that comprise Socrates’ arguments nur-
ture and develop a spirit of inquiry in others. It is this in-
quisitiveness, moreover, that will lead a student to seek out 
a vision of the deeper magic. Socratic conversations accom-
plish this by revealing the inadequacies of our assertions 
and stultifying our speech, what Meno calls “numbing.” 
We are blind to our inadequacies until they are challenged. 
Socrates used conversations to challenge these inadequa-
cies, to heal blindness. 
 In this particular dialogue between Socrates and 
Meno, the two are discussing whether knowledge is some-
thing we learn or something we recollect. Socrates offers 
to question an ignorant slave boy about math in order to 
show Meno that knowledge is recalled, not learned. In the 
process, he numbs the boy and Meno is later compelled to 
admit the benefits of numbing:

Socrates: Do you think that before he would have 
tried to find out that which he thought he knew 
though he did not, before he fell into perplexity and 
realized he did not know and longed to know?

Meno: I do not think so, Socrates.

S: Has he then benefited from being numbed?

M: I think so.

S: Look then how he will come out of his perplexity 
while searching along with me.

 Socrates, having exposed the slave boy’s ignorance 
and numbed him, then leads him through a series of ques-
tions that result in his pursuit of understanding. The slave 
boy only willingly engaged in this pursuit of understanding 
because he realized that which he did not know and began 
longing to know it. In other words, Socrates nurtured his 
spirit of inquiry. Socrates’ questions begin with answers that 
are true and continue until a false or inadequate assertion is 
made. Here is where he discovers the blindness that must 
be healed. It isn’t just Socrates, though, that must recog-
nize the false or inadequate assertion; he must continue to 
question until the listener recognizes the falsity of his own 
assertion. Still, the lesson is not complete with the recogni-
tion of error. Socrates continues to question until the truth is 
asserted.
 As classical educators, we can use questions and 
answers to teach math as Socrates did in the Meno. Like 
Socrates, we want to begin with questions that will lead 
to true answers. The reasons for this are two: it establishes 
a foundation of agreement upon which the conversation 
can move forward, and it draws the students, with some 
degree of confidence, into the conversation. It is far easier to 
keep students engaged in a conversation they have already 
entered than it is to drag them into a conversation they have 
been hesitant to join. We continue this line of questioning 
until we’ve arrived at the truth we are seeking together or 



20 Fall 2013 • Society for Classical Learning

socraticquestions

until a false or inadequate assertion is made. 
 Imagine I want to discuss dividing fractions with my 
students. I write on the board this problem:

 

 To make them comfortable with what they are look-
ing at, I ask them a series of questions. What do you see? 
Fractions, division symbol, equal sign, one, two, three, four, 
numerators, and denominators, they answer. What is one? 
A whole number, integer, numerator, and prime number, 
they say. What is one-fourth? A fraction, a ratio, a quarter, 
twenty-five percent of a whole, they say. I continue along 
these lines to engage everyone in the class, and to get them 
to think about numbers thoroughly. Then I ask what the 
next step is. Usually, they will suggest something like this:

 
 With this answer, the student has made an assertion 
that is essentially inadequate. While it is true, it skips over 
multiple steps that are necessary for the students to under-
stand the concept of dividing fractions. Now that I’ve dis-
covered an inadequate assertion, I need to follow Socrates’ 
model to cause the student to see the inadequacy of his own 
assertion. It may be, however, that in my attempt to do so 
he will know the answers to my questions. This is not only 
acceptable but also desirable because his clarifications will 
benefit his classmates as well.
 Thus, I will want to begin asking questions such as: 
What is the relationship between the first and second frac-
tions? What are the circumstances that allow you to simply 
multiply by the reciprocal of the second fraction? Which 
math law, if any, allows us to do this? If the student knows 
the answers to these questions, then he has clarified the 
statement so that it is no longer inaccurate. Class simply 
continues. If he does not clarify his statement, I must contin-
ue to question him until he discovers the truth. For instance, 
it might be helpful to instruct the students to rewrite the 
equation so that the division problem is represented verti-
cally rather than horizontally, thus:

 

 When we see a fraction like this, what is our first 

desire? Generally, we want our students to try to eliminate 
the fraction in the denominator. Here, I might ask my stu-
dents to review with me the Identity Law. The Identity Law 
teaches us that any number multiplied or divided by the 
number one is itself. That is to say ‘a x 1 = a’ or ‘b ÷ 1 = b’. 
The students will, furthermore, recognize from the proper-
ties of division that any non-zero number divided by itself 
is equal to one: 38 ÷ 38 = 1, 62 ÷ 62 = 1, or 4.2 ÷ 4.2 = 1.
 Looking at the vertically written problem above, we 
can use the Identity Law to multiply it by the number one. 
Using the properties of division, the number one by which 
we multiply it can be conveniently written so as to eliminate 
the fraction in the denominator. It will look like this:

 

This works because the properties of division teach us that 
the second multiplier is actually equal to one since the 
numerator is being divided by itself. Thus, we have not 
changed the value of the first multiplier because the Identity 
Law teaches us that any number multiplied by one is equal 
to itself. The first multiplier’s value has not changed in any 
way. It will, however, look different once we’ve multiplied 
it. If we first multiply out the numerators of our fractions, 
then the denominators, we get this:

 

and,

 

The top half of the fraction is fairly simple; we multiply the 
numerators then the denominators and our product is the 
resultant fraction. The bottom half of the fraction is multi-
plied the same way, but results in a product that is a num-
ber divided by itself. Again, according to the properties of 
division, any number divided by itself is one, so the answer 
is one. The final result will be

  

The Identity Law will again help us to simplify here be-
cause a number divided by one is equal to itself, so



  

Coincidentally, if we go back to the student’s original an-
swer to our question, we see he asked us to solve a problem 
in which two fractions were being divided by multiplying 
the first fraction by the reciprocal of the second fraction:

 

His solution to the problem is correct in that the result is 
correct. His solution is correct in that he showed us a short-
cut that all use and that we will expect our students to use. 
His solution was inadequate because his fellow classmates 
may not have understood the principles, concepts, and laws 
that allowed him to use the shortcut. Should they simply 
memorize the shortcut, they will fail to embrace the nature 
of numbers, ratios, division, and the laws that will allow 
them to think in abstract realms. This is the one thing need-
ful in order to see the unseen, to know the deeper magic.

Let us consider one more example. If I were to teach my 
students how to multiply exponents, I might offer this 
example:

 63 x 64 =

I will once again ask them basic questions to establish a 
common ground of understanding and to draw them into 
the discussion. What do you see? Exponents, bases, sixes, a 
three, a four, a multiplication sign, and an equal sign, they 
answer. What is six? A whole number, integer, a base, a 
composite number, they say. What are the multiples of six? 
Twelve, eighteen, twenty-four, thirty, and so on, they say. 
What does the exponent indicate? How many times you 
multiply the base times itself, they answer. These are good 
responses, and I know they are starting to think clearly 
about what they see—they are learning to observe and 
notice things before they determine the problem is too hard 
to solve.

How do we solve this problem, I then ask. It may just be 
that every student will answer, “I don’t know!” Or, there 
may be one or more who will say, “You add the exponents.” 
By this they mean either (both of which are correct)

63+4 = 67 or 63 x 64 = 67

The statement is true, but I submit that it is still an inade-
quate statement in need of additional questions. “Why does 
this work?” I must ask the students. A simple proof may be 
to simply solve for the exponents.

63 x 64 = 67

216 x 1296 = 279936 ✓

This, however, may prove to them that it does work, but not 
how or why it works. It may be better—although it’s show-
ing them the same thing—to spell it out further.

63 = 6 x 6 x 6
64 = 6 x 6 x 6 x 6

63 x 64 = (6 x 6 x 6) x (6 x 6 x 6 x 6)

Thus, the students can see that the result is six times itself 
seven times, or 67. What would have happened, though, if 
all of the students had answered, “I don’t know”?

In that case, I would have written two or three examples on 
the board and walked through each example showing them 
how and why it works. It might look like this:

31 x 33 = (3) x (3 x 3 x 3) = 34

31+3 = 34

42 x 42 = (4 x 4) x (4 x 4) = 44

42+2 = 44

Having given them two or three examples like these, I 
would ask the students questions to incite them to com-
pare the examples and discover the rule for multiplying 
exponents on their own. I wouldn’t tell them that when 
you multiply exponents with like bases you simply add the 
exponents; I would lead them to discover that information 
for themselves. 

It is a great curiosity that classical teachers so enjoy Socratic 
conversations in their literature, history, and philosophy 
classes, yet will often resort to didactic teaching in their 
math classes. It is a curiosity precisely because the one 
time Socrates provides an example to someone else of how 
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to teach “Socratically,” his example—in Meno—is a math 
example. 

This is hardly, I admit, a very thorough discussion in teach-
ing math dialectically. There are a number and variety of 
questions that could be added or suggested. Of the greatest 
necessity, however, is to nurture in our students a longing 
to know. To present math didactically is to answer questions 
the students have not yet asked. To prevent them from ever 
asking questions with a deluge of answers is to smother 
any embers of curiosity that may be kindled. Asking them 
questions and thereby eliciting questions from them may 
ignite a spirit of inquiry that will engender a love for math 
which will take the students into the realm of the abstract, 
teaching them to see the unseen, teaching them to love the 
deeper magic.

It may just be that it is the deluge of answers which smoth-

ers curiosity that keeps our students from pursuing the ab-
stract realm of mathematics. Nurturing their inquisitiveness 
takes them to the deeper magic at whatever level they are 
studying. It also, though, engenders a love for the abstract 
and math that may drive them to the study of calculus—
which will enable them to more fully experience the deep 
magic themselves and to see God, creation, truth, goodness, 
and beauty in numbers.

Matt Bianco is the Education Director for Classical Conversa-
tions, a national homeschooling curriculum and network of com-
munities. He has tutored eleventh and twelfth graders in his local 
homeschooling community, in all subjects, including algebra, 
geometry, trigonometry, and physics. He lives in North Carolina 
with his altogether lovely high school sweetheart, Patty, and their 
three children, Alec, Andrew, and Ada. There, he most enjoys 
reading and conversations, generally accompanied by tasty bever-
ages and his pipe.
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Ad Fontes Scientiae
by Ravi JainT        he phrase ‘Ad Fontes’ or ‘To the sources’ was a common 

refrain during the 16th and 17th centuries among European 
scholars.  Many prominent Christian reformers such as John 
Calvin were part of a movement of Christian humanists 
which returned to the primary sources, namely the Greek 
and Hebrew texts of Scripture and the writings of the 
early church fathers, in order to better understand the 
true meaning of the Bible.  The phrase was also a call of 
the Italian Renaissance thinkers, and today the phrase has 
recently been echoed by educators in the Christian classical 
renewal.  Thus, in many Christian classical schools, students 
read works of Homer, Aristotle, and St. Augustine and are 
challenged by luminaries of the English language such as 
Chaucer or John Donne.  Yet we tend to think of a return to 
the sources as an exclusive project of the humanities.  Could 
we return to the primary sources in natural science and 
mathematics as well?

  Ancient authorities influenced not just men 
of the Renaissance and Reformation but also the early 
modern scientists.  Copernicus knew Ptolemy inside and 
out and named ancients, like Philolaus, as authorities who 
believed the earth moved.  Galileo expected mathematicians 
everywhere to know, not simply the Elements of Euclid, but 
also the work of Appolonius on conic sections.  Gassendi, 
Descartes, and Newton all discovered foundations for their 
natural science in the atomism of Democritus while trying 
to reinterpret his work through a Christian lens.  Since these 
modern scientists brought a new emphasis on quantitative 
observations, people today surmise that they eliminated 
any dependence on their predecessors.  But the scientists 
knew that they were building on the foundations laid out 
by the great minds that had preceded them.  Galileo found 
his muse in Archimedes, Kepler in Plato, and Descartes in 
Euclid.  But where is our cry “Ad Fontes Scientiae” today?  
Could we possibly follow the actual process of scientific 
discovery in the original writings of the scientists?  Or are 
we bound to learning only ‘fully-formed’ systems as if they 
had sprung complete from the head of Zeus?  Is there an 
alternative to wandering through the shifting mazes of state 
standards?  What would it look like for us to return ‘to the 
sources of science’, Ad Fontes Scientiae?

Using primary sources in science and mathematics 

is a better and more human way of learning for at least five 
reasons.  First, reading the great scientists’ accounts of their 
own discoveries allows the objective disciplines of science 
and math to have a more personal and rounded dimension.  
Second, focusing on the seminal thinkers and their 
advances narrows the canon of important scientific material 
and establishes a continuous and coherent narrative of 
discovery out of an endless sea of possible information to 
teach.  Third, patterning our thoughts after the habits of 
mind of the greatest scientists and mathematicians is the 
best training for teaching students how to think and not just 
what to think.  Fourth, learning to read the primary sources 
is the best preparation for students to become real lifelong 
learners in mathematics and science.  And finally, allowing 
them to engage with the best of the best scientists develops 
in them a sense of confidence regarding science and math 
because they have become familiar with its chief exemplars 
and its highest authorities.  Discarding all textbooks would 
be a rash and unhelpful move,  but why not, instead, use 
the technical narrative of discovery as told by the scientists 
themselves as our primary focus and use textbooks to 
augment that, fill in the gaps, and provide contemporary 
applications?  In this manner, mathematics and science are 
then returned to their appropriate status as true humanities 
and not just servile arts.

Let us consider these five reasons.  Over the years 
the majority of students in my junior and senior Calculus 
and Physics classes have come to love reading the primary 
sources because they encounter the personal and rounded 
dimensions of the scientists.    The students who had 
already enjoyed math and science marvel at the depth and 
breadth of its founders, and those students that had initially 
found these subjects boring and meaningless discover 
salient points of personal contact to inspire them.  When 
years ago my students first read a short five-paragraph 
introductory biography of Johannes Kepler and realized 
that his father was a ‘soldier of fortune’ (or mercenary), they 
were fascinated.  Suddenly Kepler had a context that was 
intriguing.  They sympathized to learn that his wife and 
children died young of illness.  His intense Christian faith 
impressed them.  And Kepler’s discarded hypothesis of 
cosmic Platonic solids supporting the planets in their orbits 
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offered a wonderful case study in the hard work of scientific 
hypothesizing and evaluation. We only dipped a toe into 
the shallows of Kepler’s life.  Though we study the great 
scientists, we will never exhaust them.  Our class focuses 
on Kepler’s three laws which form an essential foundation 
for Newton’s world-shattering Principia Mathematica.  These 
were some of the greatest discoveries of all time, yet most 
physics textbooks barely devote one page to Kepler’s laws 
and are unlikely to mention his intense Christian devotion.  
However, these stories, personal elements, and plot twists 
in the history of science cause the students to relate and 
even want to emulate these great scientists.  They are 
humanized.

This leads us to the second point: canon and 
narrative.  Should Kepler’s work and laws hold such a 
prominent place in an introductory physics class?  Amidst 
the greatest trove of information ever existing in history, 
how does one select what material is crucial for the 
students’ education and what is incidental?  How does one 
decide on the canon of math and science?  A postmodern 
thinker, Jean Baudrillard, has quipped ‘information is 
entropy’ to describe the problem of information overload 
in our age.  In college, I remember the claim that the 
world would produce as much information in the 1990’s 
as was produced since the beginning of civilization, but 
in 2010 Google CEO, Eric Schmidt, outdid that assertion.  
He suggested that humanity now produces as much 
information in two days as we did from the dawn of time 
until 2003.  The more information that is produced by our 
culture, the more difficult it is to determine which pieces of 
information are important.  How does one distinguish the 
signal from the noise?  The only way to do this is to have 
some kind of tuner, to focus on one wavelength and look for 
the patterns on that band.  Closely following the technical 
narrative of discovery in science and recapitulating both 
the great discoveries and the great proofs of our scientific 
predecessors is the best way to establish a canon and ‘tune 
in’ to the proper wavelength.  But is this practical?  While in 
an introductory course students can’t cover every detail, by 
retracing a basic narrative of discovery they can accomplish 
quite a bit more than might be expected.  Our juniors and 
seniors when electing to enroll in our school’s integrated 
AP Physics and Calculus sequence trace the primary source 
narrative from Plato’s Timaeus through Einstein’s 1905 
paper, “The Electrodynamics of Moving Bodies,” in which 
he proves the theory of special relativity (the stretching and 
shrinking of relative time and space).  Imagine how it feels 
not only to understand this paper in a general textbook way, 

but to be able to follow many of the particular moves of 
Einstein’s argument for E=mc2 (discussed in a short follow-
up paper).  Once this has been done, the students know 
why the role of Kepler is crucial to the narrative.  They also 
know what kinds of textbook problems are extraneous busy 
work.  They have internalized the canon.

This leads to the next critical benefit.  By following 
and recapitulating this process, they are effectively 
imitating the greatest scientific and mathematical minds 
of all time.  As they do this they acquire not just a sense 
of what to think but how to think.  Instead of a slavish 
repetition of facts and drills (which is at times important), 
this develops creative and inquisitive habits of mind which 
can focus and distill the essential issues from the chaff.  It 
nurtures genius.  A few years back, a class of seniors was 
able to outstrip all of my expectations.  They were eager 
to understand Einstein’s theory of General Relativity.  So 
at the end of our two-year sequence we took about six 
days to read through as much as possible of Einstein’s 
1916 “Foundation of the General Theory of Relativity.”  I 
was both excited and astounded.  I didn’t honestly expect 
them, or me, to learn much, since this topic is usually only 
covered by physics graduate students.  I didn’t know what 
to expect.  While grappling with tensors, new mathematical 
methods, and mind-blowing thought experiments, we 
culled one nugget that I doubt we would have learned any 
other way.  We found a major parallel between Newton and 
Einstein that I had never heard before.  The basic insight in 
general relativity is to develop an invariant quantity, a ds, 
based off a four-dimensional vector where time is treated 
as a spatial dimension.  This invariant then becomes a 
foundation upon which Einstein builds his system.  This 
directly parallels a method early in Newton’s work in which 
he develops the derivative.  This step in Einstein’s paper is 
a beautiful analog to the breakthrough for Newton.  And 
interestingly each scientist is using his new method to solve 
a problem in his respective theory of gravity.  Students can 
only discover these kinds of deep parallels when reading 
the primary sources instead of pre-digested versions.  
Students would never encounter Newton’s geometric 
reasoning for the derivative in a contemporary calculus text.  
Math textbooks almost exclusively present the derivative 
through a Cartesian algebraic notation and a limit method 
not developed until hundreds of years after Newton and 
Leibniz. While we should still teach Weierstrass’s limit 
notation in its proper place, it is foolish to allow it to eclipse 
the brilliant reasoning of Leibniz and Newton in their 
founding of Calculus.  Focusing on more minor advances 
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does not cultivate genius.  It will not produce another 
Einstein, Faraday, or Newton.  It does not develop the 
deeply powerful habits of mind that teach students how 
to discern the central kernel from the chaff and to think 
creatively about transcendent problems.

Another impressive benefit of studying the 
primary sources in mathematics and science is that it 
prepares students to become lifelong learners in these 
challenging and expansive subjects.  Studying primary 
sources prepares students to continue to learn the new 
technical discoveries that are constantly emerging.  Thus, 
the best way for our students to be able to competently 
discuss relativity theory, evolution, or artificial intelligence 
as adults is for them to read the most significant primary 
sources in mathematics and natural science leading up to 
these theories.  Watching “This Elegant Universe” on PBS 
may play a very fine role in stimulating our wonder at the 
cosmos, but it does not alone constitute ‘lifelong learning 
in science’ any more than reading Tom Clancey’s Hunt for 
Red October counts for continuing education in literature.  
American students and even college graduates seldom 
attempt to engage seriously with ideas outside of their 
narrow specialties because they are told that there is too 
much knowledge out there.  But to be honest, not much of 
that knowledge is important for understanding the broad 
strokes of modern natural science.  If students focus on 
the central narrative of Western scientific thought and its 
canon, another generation of genius such as that of the 17th 
century Scientific Revolution may indeed arise.  Most of the 
fathers of modern mathematics and science from that era 
were broadly educated and wrote as much in philosophy 
and theology as they did in math and science.  In order to 
achieve that level of erudition again, we have to follow their 
method of reading the actual authors themselves, not pre-
digested systematized summaries.  Thus, using primary 
sources to sift out the central narrative is a key to teaching 
our students how to be lifelong learners.

All of this leads us to the final observation: this 
method provides students with a level of confidence in 
math and science unmatchable by mere technical prowess.  
This approach is not simply knowing lots of facts; it is 
knowing and understanding a lot about the right facts.  
Richard Dawkins can argue interminably about the 
incompatibility of science and religion, but when students 
have read Kepler, Newton, and even Galileo defending 
the power and glory of God, they will have little fear of 
the ill-conceived critiques of the new atheists.  The vast 
majority of significant contributors to math and natural 

science before the 20th century were Christians.  It takes a 
lot of explaining to describe how devoted Christians were 
actively building and defending a system if that system 
was held to be in direct contradiction to their beliefs.  Much 
to the contrary, they believed their math and science to be 
a natural outgrowth of their faith in an all-wise God who 
created an orderly world.  In fact, Descartes, Newton, Pascal 
and Leibniz all thought their work provided an apologetic 
for the reality of God.  Thus, studying the primary sources 
gives the students a first-hand acquaintance with the 
harmony between science and Christian faith and protects 
them from hostile skeptics.

If by now an interested educator thinks that this 
approach is worthwhile but is flummoxed by how to pull 
it off, let me encourage him.  Take baby steps.  This is by 
no means an easy or quick task because none of us was 
trained this way and our schools are not set up to make it 
easy.  But may I suggest that an eager educator begin by 
endeavoring to learn the technical narrative for himself 
and from there develop a canon of which texts were 
truly influential and profound.  Once this background is 
attained, the teacher may introduce a few pages of primary 
sources on occasion while teaching a related topic.  Let the 
students read Newton’s Laws from the Principia Mathematica 
itself.  Have the class buy a copy of Pascal’s Pensees, and 
read a few in class from time to time.  Consider including 
appropriate excerpts from Lavoisier’s “Elementary Treatise 
on Chemistry” or even Darwin’s Origin of Species.  Develop 
a Kepler, Galileo, Newton sequence and use it to teach 
some kinematics, dynamics, and the law of gravity.  In the 
students’ laboratory sessions they may reproduce Galileo’s 
kinematics experiments or Pascal’s proof that outer space 
is a vacuum.  Whatever can be done to get a foothold in the 
primary sources will broaden their perspective.  While the 
goal is for students to understand the great conversation 
in math and science, secondary sources are very helpful 
as the teacher strives to mediate that conversation to the 
students.  I have used Morris Kline’s Mathematics for Non-
mathematicians and The Soul of Science by Pearcey and 
Thaxton for broad overviews.  Specialty histories of the 
disciplines are also invaluable for subject teachers. I suggest 
Creations of Fire by Cobb and Goldwhite for Chemistry, This 
is Biology by Mayr for Biology, and The Birth of a New Physics 
by Cohen for Physics.  These histories help develop the core 
of the story for the rise of mathematics and the key sciences.  
The Modeling of Nature by William Wallace offers a rare 
gem for those interested in a Christian classical philosophy 
of science.  It may be one of a kind as no other book that I 



adfontes

26 Fall 2013 • Society for Classical Learning

have found on the topic could be called both Christian and 
classical.  Once a teacher has established the narrative of 
his discipline, the Great Books series does have many of the 
most significant primary source works from the period of 
the scientific revolution and more primary sources can be 
found online.

Over the course of a few years, if a teacher follows 
this path, he or she can introduce new primary source 
passages and texts one by one.  A class does not need to 
read every work in full.  Our classes at the Geneva School 
certainly don’t; however, the broader the context that is 
given for a selected passage, the more insight the students 
will gain.  Over time a teacher will be able to develop a 
coherent technical narrative from the primary sources and 
will be able to depend less on textbooks.  But, there must 
be balance in this pursuit.  While education necessarily 
involves nurturing passion in students and developing 
wisdom, it also requires technical details, habits, and 
discipline.  Without the skills of algebraic manipulation 
and scientific reasoning the students will not be able to 
continue in college mathematics and natural science.  
Therefore, teachers should, little by little, discover what 
primary sources are effective instructional tools and only 
slowly adjust their curricula to these new richer places.  
Radical changes to a curriculum without adequate teacher 
preparation are almost certain to be short-lived.  On the 
other hand, the steady and intentional approach here 
commended will continue to teach the students the tools 

of learning and the basics of the subject but will also do 
more.  It will nurture genius.  While this path may sound 
like a lofty pursuit, it is attainable over time especially if 
we teachers support each other in this endeavor.  Let us 
therefore strive towards this goal together, for the good of 
our communities and for the glory of God.  And may we 
too, with Newton and Leibniz, unabashedly conceive of 
our instruction in mathematics and natural science as an 
apologetic for his Lordship.

After graduating from Davidson College, Ravi Jain taught mathe-
matics briefly before pursuing an M.A. from Reformed Theological 
Seminary while considering vocational ministry.  As he finished 
his seminary degree, Ravi returned to education and has been 
teaching Calculus and Physics at the Geneva School since 2003.  
During this tenure he has sought to understand and champion 
the role of math and science in a Christian Classical curriculum.  
Over the past four years he has had the opportunity to deliver 
over 35 talks or workshops on these topics at various schools and 
conferences across the country.  He has just finished writing a 
short booklet entitled, “The Liberal Arts Tradition: A Philosophy 
of Christian Classical Education,” that he co-authored with Kevin 
Clark.  It is currently available for $7 electronically on Amazon.  
The paperback version is due for release in October and will be 
available from Amazon or the publisher, Classical Academic Press.  
Besides teaching and writing, Ravi enjoys spending time with his 
wife and two young sons and is pursuing further graduate studies 
in Mathematics.
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Abandoned Gifts
by Trisha Ingraham

C
Greeks & Romans Bearing Gifts: How the Ancients Inspired the 
Founding Fathers by Carl J. Richard Rowman and Littlefield 
Publishers (Oct 16, 2009) 224pp. List Price: $16.95

   arl J. Richard, professor of history at Louisiana University 
at Lafayette, has found a unique niche in the historical 
milieu. After receiving his Ph.D. from Vanderbilt University 
with a focus in early national American history and U.S. 
intellectual history, Richard has authored numerous books 
concerning the influence of the Classics on the Founding 
Fathers. One such book, Greeks & Romans Bearing Gifts: How 
the Ancients Inspired the Founding Fathers, superbly describes 
the importance of the histories and myths of the Ancients 
to the Founders of the United States. Richard correctly 
points out that the heroic stories of the Ancients which so 
influenced the Founding Fathers are virtually unknown 
to Americans today. Through his book Greeks & Romans 
Bearing Gifts, Richard attempts to remedy that problem. 
 In the introduction of his book, Richard admonishes 
current American culture for its abandonment of the 
ancient histories which so shaped the early United States. 
Indeed, he describes how unfortunate it is that the public 
is unaware of such stories, “for in neglecting [them] we 
neglect an important part of our own heritage.” Richard 
maintains that instead of looking to the heroes of the 
Founders for inspiration, Americans now look to the 
Founders themselves as the ideal American heroes. While 
venerating the founders of one’s country is certainly 
admirable, Richard calls for Americans to return to the 
Classics that influenced the Founders, for only then will 
Americans truly appreciate how the United States came to 
be as it is today. 
 Motivated by a desire to return to the stories of 
the Ancients, Richard devotes the vast majority of his 
book to just that: stories. Almost the entirety of the book 
consists of a chronological narrative of the foundings of 
Greece and Rome, as well as their respective falls. Richard 
understands the importance of telling a story well; he is a 
master-craftsman of tales, weaving colorful language and 
description throughout all of his accounts. In describing 
the stubbornness of Rome during the First Punic War, for 
instance, Richard constructs this vibrant sentence: “Rome 
was a pit bull that would not release its grip on the enemy’s 

leg, no matter how many times it was beaten on the head 
or offered the milk bone of peace.” Similar depictions 
abound throughout the book, making it an engaging and 
quick read. Yet such rich storytelling does not diminish 
the excellent historicity of Richard’s book in the slightest. 
He also provides a vast amount of detail, and includes an 
appropriate number of excerpts from primary sources, 
some of which the author translated himself. Richard 
constructs a delightful account of the stories of the Ancients, 
all the while maintaining the accuracy one would expect 
from his level of scholarship.
 Richard does not simply leave his readers with 
mere stories, however. Instead, he supplements each 
chapter’s historical account with a “lesson.” Each chapter’s 
lesson describes explicitly how the stories found in 
that chapter directly influenced the Founding Fathers. 
After the chapter which recounts the Persian Wars, for 
instance, Richard notes that “[w]hen Jefferson wished to 
compliment John Adams, a staunch supporter of a strong 
American navy, he compared Adams with Themistocles, 
whose success in building the Athenian fleet had secured 
victory for Greece in the Persian Wars.” Such a comparison 
has true significance when placed after a chapter that 
devotes multiple pages specifically to Themistocles’ naval 
construction program. Without this historical background, 
however, the comparison would have been useless. Using 
the lessons at the end of each chapter, Richard bridges the 
gap for his readers between the Classics and their specific 
influences on the Founders, thereby demonstrating the 
Classics’ supreme importance. 
 While Richard provides an excellent analysis of 
how the Classics influenced the Founders, his analysis 
unfortunately stops there. Very rarely in his book does 
Richard acknowledge any other sources that influenced the 
Founding Fathers, a fact that may cause some readers to 
draw false conclusions. On some level, one can hardly fault 
the author for failing to extend the scope of his analysis to 
include other authorities of significance to the Founders; 
for the most part, that task is outside the purview of his 
book. Still, the inattentive reader could easily mistake 
Richard’s thesis to imply that the Ancients were the only 
influences on the Founders. While Richard himself would 
almost certainly deny such an assertion, his book does 
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little to ensure that readers do not mistakenly draw this 
false conclusion. Had Richard at least tipped his hat to 
some of the other formative influences in the Founders’ 
lives, his book would have been much fairer and more 
comprehensive. 
 Still, Richard’s overall thesis rings true. The Classics 
enabled the Founding Fathers to piece together the wisdom 
of hundreds of thoughtful individuals from throughout the 
ancient world.  The “Spartan frugality, selflessness, valor, 
and patriotism,” for instance, provided Samuel Adams 
with a model for the ideal citizen he hoped America would 
produce. Similarly, the accounts of Livy, Polybius, and 
Plutarch demonstrated that virtue was of critical importance 
to the success of a republic. Armed with insights such as 
these, the Founders far exceeded what they would have 
been able to accomplish without such positive examples. 
Additionally, the Founders were able to use the mistakes 
of the Ancients to attempt to prevent cancerous errors from 
developing in the civilization they were trying to create. 
For instance, the tyrannical reign of the ambitious Caesars 
of Rome assured American leaders of the necessity of a 
strong system of checks and balances. Indeed, the Founders 
learned from the fall of Rome “to regard one-man rule as an 
absolute horror to be avoided at all cost.” Such preventative 
insights enabled the Founders to avoid mistakes into which 
the Ancients had unknowingly fallen, thereby providing 

them the means to craft a more successful society.
 As Richard laments over and over again, the 
wisdom and insight gained from the Classics have little 
bearing on American culture today. Americans bask in the 
success of the Founders, not realizing the careful study their 
forefathers labored through in order to create the society 
modern Americans enjoy so much. Soon, after abandoning 
the Classics for so long, Americans are liable to forget 
where they have come from entirely. History repeats itself; 
America is certainly not above continuing that pattern. 
Without the strong backbone of the Ancients to speak 
wisdom into the lives of modern Americans, contemporary 
citizens run the risk of undoing all that the Founders 
accomplished. 
 Books such as Greeks & Romans Bearing Gifts, 
however, provide a shining beacon of hope. The charming 
prose and poignant stories of Richard’s book are sure to 
delight interested laypeople with a wide range of familiarity 
with the subject. In time, by re-infusing American culture 
with the stories of ancient Greece and Rome, the lessons 
from such stories may once again provide modern 
American culture with the needed wisdom it has far too 
long gone without.   

Trisha Ingraham teaches Physics at Rockbridge Academy in 
Millersville, MD. 
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Annotated Bibliography: Reading More About 
Mathematics

Aharoni, Ron. (2007). Arithmetic for Parents: A Book for 
Grownups about Children’s Mathematics. Sumizdat. El Cerrito, 
CA. 
 
Aharoni has written a wonderful guide for parents and 
teachers that shows the fun and beauty of arithmetic for 
elementary age children.  He takes all the topics covered in 
the early years of math instruction and gives their history 
and lots of examples that help the parent or teacher develop 
their own confidence in teaching these topics.  His purpose 
for writing was to successfully argue against the modern 
day “fuzzy math” that was being taught in Israel.  The 
information in this book is completely applicable in the 
United States as well.  It is a must-read for parents and 
teachers of elementary students.  Reviewed by Doreen Howell.

Chapin, Suzanne and Johnson, Art. (2006). Math Matters: 
Understanding the Math You Teach Grades K-12 (2nd 
Edition).  Math Solutions Publicans. Sausalito , CA. 

This book is an excellent resource for teachers teaching 
Math in grades K-8.  It gives explanations of all the topics 
you cover in a math course and provides some hints of how 
students understand the concepts you are teaching.  There 
are lots of activities to use and compare as you expand your 
own understanding of math.  Reviewed by Doreen Howell.

Dunham, William.  Journey through Genius: The Great Theo-
rems of Mathematics.  Penguin Books, 1991.

William Dunham’s book, a survey of some of the greatest 
achievements in mathematics, is inspiring.  It presents 
twelve of the most important results and influential 
developments in mathematics over the last 2500 years 
in their historical context.  As it does so, Dunham’s book 
introduces you to the masters as well as their masterpieces.  
This is an engaging book and serves as a great introduction 
to the history of mathematics.  Reviewed by David Murphy, 
Hillsdale College.

Hardy, G. H., A Mathematician’s Apology, Cambridge 

University Press, 2012.

Writing in the declining years of his mathematical ability, 
Hardy provides a look into the mind of a mathematician as 
he reflects upon the subject into which he has poured his 
energy.  Written for a general audience, Hardy discusses the 
beauty and permanence of mathematics, arguing against 
those who would reduce it to a useful science.  A substantial 
forward by C. P. Snow provides insight into the life of G.H. 
Hardy.  Reviewed by Thomas I. Treloar, Hillsdale College 

Kline, Morris, Mathematics for the Non-mathematician, Dover 
Publications, 1985.

This book provides a survey of mathematics within a 
cultural and historical context, beginning with the ancient 
Greeks, continuing through the Renaissance, and into 
the 20th century.  Originally written as a college-level text 
under the title Mathematics for Liberal Arts, this book is an 
excellent resource for upper school or college-level teachers 
or anyone interested in a better understanding of the 
development of mathematics in Western culture.  Reviewed 
by Thomas I. Treloar, Hillsdale College.

Kline, Morris. Mathematics: The Loss of Certainty.

This excellent book includes a very readable survey through 
some key stages in the history of mathematics. Central to 
Kline’s theme is the changing nature of our understanding 
of the relationship between mathematics and truth. Key 
events Kline connects together are the realization in the 
19th century that Euclidean geometry was a convenient 
geometry rather than the truth of nature, and Bertrand 
Russell’s 20th century crisis which led to Kurt Gödel’s 
incompleteness theorem.  Reviewed by John D. Mays. 

Renyi, Alfred.  Dialogues on Mathematics.  Holden-Day, 1967.

This book is comprised of three dialogues.  The first is a 
Socratic dialogue on the nature of mathematics, touching 
on fundamental questions such as whether mathematics 
is something we discover or something we invent.  The 
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next, which is a dialogue between Archimedes and Hieron, 
addresses the applicability of mathematics, which is also 
the subject of the final dialogue involving Galileo.  Reyni 
succeeds wonderfully in mimicking the styles of the classic 
dialogues of Socrates, Archimedes, and Galileo, and in them 
he says a great deal about what mathematics is and how it 
can be used.  Reviewed by David Murphy, Hillsdale College.

Wallace, William. The Modeling of Nature: Philosophy of 
Science and Philosophy of Nature in Synthesis.

For many years as a science teacher I had searched 

unsuccessfully for a philosophy of science from a Christian 
perspective that comported with classical sensibilities.  
While there are some very good Christian authors that deal 
with philosophy of science, I found that few made explicit 
connections between their ideas and classical thought.  
Wallace, a Roman Catholic priest and first-rate scholar 
published also by Princeton, recognizes with great subtlety 
the significance of Aristotelian categories for contemporary 
science.  This book, therefore, offers an invaluable guide to 
Christian classical schoolteachers looking to navigate the 
murky waters of the philosophy of science and recover a 
vision of natural philosophy.  Reviewed by Ravi Jain.

TWO WEEKS INOrvieto, ItalyOrvieto, Italy
WITH SCL AND GORDON COLLEGE!

SCL is partnering with Gordon College to offer 20 classical students 
(who have finished their junior year) two weeks of study in the 
beautiful medieval city of Orvieto, Italy. Let your juniors know about 
this great opportunity at a very good price! Here are the details:
• Two Week Program/Seminar in Orvieto for SCL high school 

students who have just finished their junior year
• Based on the Gordon in Orvieto, semester-long program operated 

by Gordon College
• When: The last two weeks of July, 2014
• Leadership: Hosted by Gordon College in partnership with SCL 

as a jointly-sponsored program
• Theme: What Does Jerusalem Have to Do with Athens? Students 

will explore a related question: “On what terms have educated 
Christians over the centuries allowed the classical and the 
Christian – the Greco-Roman and the Judeo-Christian intellectual 
heritages – to mix it up in the same classroom?”

• Onsite instruction: Students will live and study in a beautiful, 
restored monastery in Orvieto, and take some trips to nearby 
cathedrals and Italian cities to study and reflect.

• Staffing: Gordon provides administrative support and logistics
• Teaching: Gordon provides a professor, SCL may provide 

teachers who assist the professor
• Cost: Approximately $1400 for two weeks (not including airfare)

See the SCL website for details!



Writing & Rhetoric Curriculum
A Creative Approach to the Classical 
Progymnasmata, $19.95
The Writing & Rhetoric series method employs fluent reading, 
careful listening, models for imitation, and progressive steps. 
It assumes that students learn best by reading excellent, whole-
story examples of literature and by growing their skills through 
imitation. Each exercise is intended to impart a skill (or tool) 
that can be employed in all kinds of writing and speaking. 
The exercises are arranged from simple to more complex. 
What’s more, the exercises are cumulative, meaning that later 
exercises incorporate the skills acquired in preceding exercises. 
This series is a step-by-step apprenticeship in the art of writing 
and rhetoric.

Thinker’s Cap Academy (Online)
Thinker’s Cap Academy is the online platform where you can study 
and master classical subjects using the creative and engaging methods 
developed by Classical Academic Press.

Our award-winning, creative curricula are presented on Thinker’s 
Cap Academy after careful design to ensure ease of use and 
substantial learning. We have maintained the unity of our curricula 
while making the most of the technology available online.

•     Self-paced course of the entire Latin for Children program
•     Integrated review and assessment
•     Automatic correcting and grading
•     Integrated video of Latin teacher (Dr. Christopher Perrin)
•     Integrated audio of vocabulary chants and Latin maxims
•     Integrated activity and worksheets
•     Downloadable PDFs

ClassicalAcademicPress.com
Classical Subjects Creatively Taught

Latin • Logic • Poetry • Greek • Spanish • Bible • Reasoning & Reading • Art • Writing & Rhetoric

Dr. Christopher Perrin
Publisher

Orvieto, ItalyOrvieto, Italy
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