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A N O V E R V I E W O F M O N T E S S O R I M AT H E M AT I C S :
ECE AND

E L E M E N TA RY l

The Montessori Mathematics Curriculum

The Montessori mathematics curriculum is a comprehensive, multidimensional system for learning math
ematical concepts based on the needs and developmental characteristics of preschool and elementary aged
children. Designed as a means for assisting children in their total mental development, the method focuses
on fostering depth of understanding and the discovery of mathematical ideas rather than the memorization
of isolated facts and procedures. Instruaion is individualized and manipidative materials, each isolating a

single idea, are used to help lead the child from sensorial exploration to an abstract understanding of math
ematical concepts. Students move through the curriculum at their own pace and are able to discover and
correct their own mistakes through the built-in control of error incorporated in many of the mathematical
material. A wide range of activities, difiFering in depth, complexity, and scope, are introduced to provide the
child with repetition of basic skills in a variety of contexts.

The materials used in the Montessori mathematics curriculum present ideas in concrete form and are se
quenced to gradually move the student toward abstract comprehension. A material itself may offer various
levels of difficulty to help the child reach an internalized understanding of a concept or the child may be
moved toward abstraction by working through a series of materials that become increasingly abstract. In ad
dition to direcdy preparing the child for the next material in a series of exercises, each material also provides
a foundation for further mathematical activities by incorporating concepts that are absorbed by the child at a
sensorial level. For example, while the direct aim for a set of numerals cut from sandpaper is to introduce the
symbols for the quantities from one to nine, the indirect aim is to physically prepare the child for writing the
numerals at a later time. It is the accumulation of sensorial knowledge, as well as the child's direct experience

with sequential materials, that lays the foundation for an abstract understanding of mathematical concepts in
the Montessori system of education.

The high degree of consistency found between the materials used in the Montessori mathematics curricu
lum also helps children in the process of attaining abstract understanding. The uniformity of size and color
within the materials, such as all the bead material being made of the same sized beads and the consistent

color coding of the hierarchy designations, facilitates the transition from one material to the next and adds
an element of coherence to the curriculum as a whole.

The Montessori elementary mathematics curriculum builds directly on the work completed by the child in
early childhood classrooms. At the preschool level, the child engages in self-construction and is in a critical
or sensitive period for absorbing mathematical concepts. Basic mathematical ideas are presented in con
crete form, and materials are introduced to individual or small groups of children depending on each child's

experience and level of maturity. In each group of work, the quantity is given first and is then followed by
an introduction to the written symbol. The work culminates in an activity combining the two. As the child
progresses through the curriculum, repeating activities at her own discretion, she is lead toward an under1 From: Daoust, C. (1994). A Comparison of the Calijbmia Public School and Montessori Elementary
Curriculum. Unpublished master's thesis, Saint Mary's College of California.
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standing of basic mathematical processes and is prepared for the advanced mathematic and logical exercises
she will encounter at the elementary level.

The study of mathematics in the elementary classroom continues to focus on the use of manipulative materi
als that lead the child toward abstraction, but differs according to the developmental characteristics of the 6
to 12 year-old child. Elementary aged children are socially oriented and enjoy using their ability to reason
and to complete large, challenging projects. To cater to these characteristics, the Montessori mathematics

curriculum encourages students to collaborate on activities and to derive for themselves the formula, algo
rithm, or rule necessary for abstracdy completing a mathematical procedure. Many exercises allow for the

possibility of extensive work while the flexible structure of classroom time enables students to complete large
projects and investigations. Presentations are usually given to small groups of children and repetition at this
level is provided through a variety of activities including those initiated by the students themselves.

Mathematical work at the elementary level is also set apart from the early childhood program by being
viewed from an historical perspective. Throughout the Montessori system, a general impression of the whole
is introduced before an analysis of the parts is undenaken. In the primary classroom, a view of the whole in
mathematics is given by introducing the decimal system using concrete representations of the hierarchy of
numbers before advanced counting and the operations of addition, subtraction, multiplication, and divi
sion are presented. At the elementary level, a vision of the whole in mathematics is obtained by placing
mathematics in its historical context. The Story of Numbers, presented at the beginning of each school year,
introduces the child to the major systems of counting that have evolved over time and how these systems

developed to fulfil basic human needs. The relevance of mathematics in human society is emphasized in the
story and a connection between the study of mathematics and other curriculum areas is established. Later

presentations on the history of measurement and the history of geometry provide further details in relation
to the whole and continue the child's exploration of historical mathematics.
The study of geometry forms a separate curriculum area in the Montessori system of education. However,
geometry concepts are introduced and examined in the same manner as general mathematical ideas and the

two curriculums are explored concurrendy throughout the school year. In both areas children are encouraged
to initiate their own follow-up activities after presentations and to share their completed projects with others.
Independent work in both areas helps the child to relate mathematics to the real world and provides oppor
tunities for working with mathematical ideas in meaningful situations. Developing depth of understanding
and the reasoning abilities of the child are the primary aims of both curriculum areas.
The following is a description of the four areas of study that collectively form the Montessori mathematics

curriculum: (a) early childhood mathematics, (b) elementary mathematics, (c) early childhood geometry, and
(d) elementary geometry.
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TKe Early Chiidkood Matkematics Curriculum

The study of mathematics in the early childhood Montessori classroom begins with indirect preparation and
can then be divided into eight areas of work: (a) numbers to ten, (b) introduction to the decimal system, (c)
teens and tens, (d) simple counting, (e) memory work, (f) fractions, (g) decimal system operations, and (h)
activities leading to abstraction.
Indirect Preparation

The exercises of practical life and the sensorial materials indirecdy prepare the child for mathematical think
ing in the Montessori preschool classroom. Practical life activities involve the children in caring for them
selves and the environment and provide indirect preparation for mathematics by developing the child's con
centration, coordination, sense of order, and logical and sequential thought patterns. The sensorial materials

allow children to classify sensorial impressions in an organized, orderly manner and enable the child to work
in quantities from one to ten in several dimensions. Activities in both areas help the child to move with pre
cision and to work toward exactness of movement and thought.
Numbers to Ten

The activities in the first area of work, numbers to ten, introduce the child to units of quantity using a
sequence of materials that increases in difficulty and slowly leads the child to a conceptual understanding
of number. A set of ten wooden rods in graded lengths from one decimeter to one meter is used to help the
child learn the names of the numbers and that each number represents a quantity separate and distinct from
all the others. The rods are painted red and blue in alternate decimeters - the number of partitions in each

rod represents the number of the rod—and the child is given the name for two or three numbers at a time
through activities involving manipulation of the rods. A set of sandpaper numerals is then used to introduce
the symbol for the quantities the child has come to recognize and eventually a presentation is given to associ
ate the quantities represented by the number rods with their written symbol.
A material called the spindle boxes is then demonstrated to the child to illustrate number as a collection of
items and to introduce zero. By placing the corresponding quantity of spindles in compartments marked

from zero to nine the child is provided with further experience in counting and in associating quantity and
numeral. The fixed order of the numerals helps the child to learn the numbers in sequence and prepares her
for the next exercise - the counters and numerals - in which both the order and the quantity must be estab
lished by the child. A bead stair containing bead bars of different lengths and colors ranging from one to

nine can also be introduced to provide further sensorial experience with counting units.
Once the child is able to count independently and has some recognition of number outside of a sequence,
she can be asked to retrieve a specific number of objects from a different location in an activity called the
memory game. This final exercise in the numbers to ten sequence provides the child with practice in count
ing and helps her to develop a memory of the numbers from zero to ten.

Although many Montessori teachers supplement these basic exercises with additional zero to ten counting
activities in their programs, the materials described here form the basic core for learning the numbers of our

base ten system and help the child to construct an understanding of number through direct sensorial experi
ence with concrete materials.
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Decimal System Introduction

Two sets of materials, the golden beads and the number cards, introduce the child to the quantities and
symbols of our decimal system. The golden bead material consists of individual beads to represent units and
beads strung together on wire to make up 10 bars, 100 squares, and 1,000 cubes. The number cards consist

of four sets of cards representing the hierarchy of numbers in the base ten system and are as follows: (a) one
to nine in green, (b) 10 to 90 by tens in blue, (c) 100 to 900 by hundreds in red, and (d) 1,000 to 9,000 by
thousands in green.

The child is first introduced to the decimal quantities of 1, 10, 100, and 1,000 through a naming activity
using a unit bead, a ten bar, a hundred square, and a thousand cube. The written symbol for each quantity
is then presented to the child using the unit, ten, hundred, and thousand number card and finally, a dem

onstration is given to associate the quantities with their symbol. Once the child is familiar with the decimal
categories, a lesson is given to illustrate that in order to go beyond nine in any one category, it is necessary to
go to the next higher category.

Further sensorial experience with the decimal system and its numerals is provided through a series of layouts.
During the first layout, the quantity represented by the number cards is laid out in a grid formation using a
large quantity of the golden bead material. The number cards are laid out in a similar fashion in the second
layout, and in the third, both quantity and symbol are combined to introduce the association between quan
tity in the decimal system and its symbol. These exercises provide the child with a visual representation of
the decimal system and its relative proportions and reinforce that if you go beyond nine in one category you
need to go on to the next category. Once the child has experienced the full decimal layout, she can begin to
compose numbers by combining number cards and finding the corresponding quantity or by placing quanti
ties from more than one category together and locating the appropriate number cards.
Teens and Tens

Activities in the next area of work, teens and tens, run parallel with the early decimal system presentations
and aid the child in her counting and construction of numbers between 11 and 100. During the first activity
the child constructs both the quantity and symbol for the numerals from 11 to 19 using a material called the
teen boards. After the child has practiced with the teen boards, the ten boards are presented to introduce the
concept that units can be added to tens and to explore the numbers from 11 to 99.

Praaice in counting from one to a hundred is provided through a material called the hundred board and
through a set of activities called linear and skip counting. The hundred board enables the child to place tiles
with the numerals from one to one hundred printed on them on a grid board according to a control chart
that illustrates the correct layout of the tiles. Linear counting involves the child in counting and labeling
different bead chains from the bead cabinet material which consists of short chains of bead bars represent

ing each numeral squared and long chains of bead bars representing each numeral cubed. Skip counting is
undertaken by reading the labels that have been placed by the child while linear counting. For example, once
the five short chain has been counted and labeled, the labels, placed next to the last bead in each bar, can
be read back - 5, 10, 15, 20, and 25 - to demonstrate skip counting. These activities provide the child with
practice in counting and indirectly prepare her for later activities in multiplication, squaring, and cubing.
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Simple Counting

A variety of activities that prepare the child for addition, subtraction, multiplication, and division make
up the section of work entitled simple counting. Although the child will have already experienced addition
sensorially by combining various materials such as the number rods, the child's first formal introduction to
the concept of addition is given through two materials - the snake game and the addition strip board. Dur
ing the snake game, the child places colored bead bars of different lengths in a zig-zag formation and turns
the snake golden by counting the beads up to ten and replacing each group often with a gold ten bar. Any
remaining beads in a bar are counted and a place holder procedure is introduced. By replacing the colored
bead bars with the gold ten bars the child visually experiences equivalence and is familiarized with the pos
sible number combinations equal to ten.

The addition strip board consists of a hand-board chart divided into squares with the numbers I to 18
printed across the top. Two sets of numbered strips, one in red, the other in blue, are arranged on the board
in different formations to help the child learn the sequence of addition combinations from one to nine. The
subtraction strip board is used in a similar fashion and provides practice with the subtraction tables from 1
to 18. However, the subtraction strip board is a more advanced material and may not be introduced until the
elementary years.

Multiplication and division are introduced to the preschool Montessori child using the multiplication board
and the unit division board. By distributing small beads on each of the perforated boards, the child kines-

thetically experiences multiplication and division and is helped to develop a memory of basic multiplication
and division combinations. Further practice with multiplication is provided through a series of bead bar
layouts that sensorially and visually demonstrate the multiplication tables and equivalencies.
Memory Work
The child is assisted in her memorization of arithmetic facts through a collection of charts called the memo

rization charts. For each operation there is a set of charts that helps the child progress from a practicing
stage to complete memorization of combinations. As the child becomes more proficient in each operation,
the chart they work with becomes more abstract until the final chart, which is blank, is presented and the
child must fill in the answers herself from memory.
Fractions

A sensorial introduction to the concept of fractions is given to the youngest children in the Montessori
preschool classroom through four large wooden skittles that represent a whole, halves, thirds, and fourths.
The tactile and visual exploration of fractions is then continued through the fraction circles that consist of
ten metal frames each containing a 10 cm circular inset. One inset is a whole circle while the other circles are

divided respectively into two, three, four, five, six, seven, eight, nine, and ten equal parts. Each circle seg
ment has a knob enabling the child to remove and replace the pieces. The circle pieces can then be used to
introduce the names of the fraaion parts and can be employed in a variety of activities to prepare the child
for the advanced firaction exercises she will encounter during the elementary years.
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Decimal System Operations

Hie child's work with the decimal system continues through a series of activities exploring the processes of
addition, subtraction, multiplication, and division. The same material, including a bank of golden bead ma
terial and three sets of number cards, is used to carry out all the exercises and a similar format and progres
sion is followed for each operation.

Static addition, which does not require carrying from one category to the next, is presented first and should
be given to a group of children who are experienced with associating large quantities with their numerical
symbols. A problem is presented, e.g. 3,326 + 2,431, and the children are asked to obtain the number cards
and corresponding quantity of material for each addend. The quantities are then combined and the answer is
laid out using the third set of number cards. In dynamic addition, the next presentation, the procedure is the
same except the problem given will require regrouping firom one hierarchy to the next. Both exercises give a
sensorial impression of addition as a putting together of quantities, and reinforce the concept of place value.
Static and dynamic subtraction, multiplication, and one digit division follow the same process while two
digit division is presented using only the bead material in a related manner to provide the child with a senso
rial introduction to long division.

Activities Leading to Abstraction
The final group of exercises in the early childhood Montessori math curriculum provide further experience
with arithmetic and move the child closer to abstraction and symbolic representation. Three activities - the
stamp game, the dot board, and the small bead frame - make up the area of work that leads the child to
abstraction. While each of these materials is initially introduced using addition, they can also be used to
perform subtraction and multiplication, and in the case of the stamp game, division.
The stamp game is used by an individual child to do addition in the same manner as in the decimal system
operations only "stamps" are used to represent the golden bead material in the following manner: (a) green
stamps with 1 written on them represent units, (b) blue stamps with 10 printed on them stand for a ten
bar, (c) red stamps with 100 written on them represent a hundred square, and (d) green stamps with 1,000
written on them stand for a thousand cube. The dot game is also representational and introduces the child

to column addition and the decimal category of 10,000 using paper specifically prepared for this exercise.
Rather than combining the quantities of two addends using the golden bead material or stamps, in this
activity the child combines two amounts by placing different colored dots representing the decimal catego
ries in the appropriate columns. Dynamic addition is carried out by crossing out any rows of ten found in a
column and placing a one for each row in the next higher category.
A further step toward abstraction of addition is taken through the use of the small bead frame that consists
of a wooden frame with four wires across, each strung with 10 beads and representing the hierarchy of num

bers from units to thousands. A problem is laid out by sliding the corresponding beads from the left of the
frame to the right for one addend beginning with the units and then adding to these each category from the
second addend and carrying while doing so if necessary. The child may then count the beads in each cat
egory on the right of the frame to arrive at the sum. The procedure is less time consuming than the previous
addition exercises and directly prepares the child for abstract computation.
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Hie Elementaiy Mathematics Curriculum
Montessori mathematics at the elementary level begins with the Story of Numbers and can then be divided
into 13 primary areas of work: (a) numeration, (b) multiplication, (c) division, (d)fractions, (e) decimal frac

tions, (0 squaring and cubing, (g) square root and cube root, (h) powers of numbers, (i) negative numbers,
(j) non-decimal bases, (k) word problems, (1) ratio and proportion, and (m) algebra. The beginning work in
most sections is introduced during the child's first few years in the elementary classroom while some of the
later activities may not be presented until the fifth or sbcth grade level. General age levels for lessons are oc
casionally given and prerequisite work is described where appropriate.
The Story of Numbers

Mathematics at the elementary level is introduced and explored ftom a historical perspective through a nar
rative called The Story of Numbers. The Story of Numbers presents an overview of early number systems

from the Mayans to the Romans and investigates the origins of our present system of numeration. The his
tory of mathematics provides a foundation for all the child's work in mathematics and serves as a means for
relating math to every other area in the Montessori curriculum. Students are encouraged to initiate their own
follow-up after the story has been told.
Numeration

The area of work called numeration explores our decimal system and its properties beyond the child's experi
ences in the preschool Montessori classroom and sensorially introduces multiples, factors, and the concept of
m e a s u r e m e n t .

An expanded view of our decimal system is presented both physically and visually through the wooden
hierarchy material that consists of seven geometric forms representing the hierarchy of numbers from a 1/2
cm unit cube to a 50 cm million cube. This dramatic material emphasizes the relative size and shape of one

category to another and is color-coded (green cubes, blue bars, and red squares) to introduce families of
numbers, i.e. the simple family, the thousand's family, and the million's family. A set of numeral cards with
1, 10, 100, 1000, 10000, 100000, and 1000000, printed on them is included to familiarize the child with
the symbols for the categories represented by the material. This material gives a clear visual representation of

the hierarchy of numbers and direcdy prepares the child for working with numbers beyond the thousands
c a t e g o r y.

The commutative and distributive laws of multiplication are brought into the child's consciousness through

a series of exercises using the colored bead bars from 1 to 10, number cards from 1 to 9, and later the golden
bead material for multiplying with numbers greater than units. Multiples and factors, including activities in
troducing the lowest common multiple and the highest common ftctor, are explored using colored pegs and
a peg board, while measurement is examined through a story of its history and a variety of exercises focused

on length, volume, weight, time, angles, money, temperature, etc. Work in all of these areas provides senso
rial experience with the properties of our number system and either directly or indirecdy prepares the child
for the later mathematical work they will encounter in the curriculum.
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Muldpiicadon

Multiplication at the elementary level builds on the child's experiences with the decimal system operations
and the small bead frame in the preschool Montessori classroom and is investigated primarily through the
use of four materials: (a) the large bead frame, (b) the checker board of multiplication, (c) the flat bead
frame, and (d) the bank game.

The large bead frame is used in the same manner as the small bead frame but consists of seven strings of ten
beads representing the hierarchy of numbers from units to millions rather than four strings representing
units to thousands. The expanded size of the frame allows the student to practice reading and writing large
numbers and helps to reinforce place value and that 10 in one category makes up one of the next higher
category. A series of activities is completed on the frame culminating in an exercise introducing two-digit
multiplication both sensorially and as written out through specifically prepared notation paper.
The checker board of multiplication provides additional manipulative experience with long multiplication
and moves the student toward abstraction by becoming less concrete as the child gains proficiency with

her multiplication faas. The checker board exercises lay a foundation for completing a geometrical form of
multiplication on graph paper and indirealy prepare the child for the squaring of numbers, square root, and
algebra.

The flat bead frame, in conjunction with the bank game, is introduced as the last step in leading the child
toward abstract multiplication. Whereas the large bead frame contains seven strings of colored beads, the
flat bead frame has nine wires of ten golden beads and is manipulated to provide the child with the partial
products of a problem as they are recorded on paper. As the student becomes more able to calculate in her
head, use of the frame becomes unnecessary and a step closer to abstraction of multiplication will have oc
curred. The bank game, used by a group of children, provides additional practice with long multiplication
using a lay out of number cards from 1 to 9 million, and reinforces the changing process and what is meant
by category multiplication. Both materials help the child to construct her own knowledge of the multiplica
tion process and are used over an extended period of time to meet the individual needs of each student.
Division

Both distributive and group division is introduced at the elementary level through a series of exercises that
bring the child to an abstract understanding of division. Distributive division, in which a quantity is shared
so that each unit receives the same amount, is explored through a material called the racks and tubes. By
distributing different colored beads representing the categories of numbers on one or more division boards

while using the racks and tubes the child is able to perform short and long division and is introduced to the
recording process that will eventually enable her to divide abstractly. The student's work with distributive

division is followed by an introduction to group division in which the answer is derived by subtracting the
divisor from the quantity as many times as it takes to be used up. The stamp game material previously used
in the primary classroom is used to concretely illustrate this process and to help the child with the estimation
procedure necessary for completing long division on paper. A series of divisibility exercises is also explored
in this area of work to acquaint children with the rules of divisibility and to excite interest in the study of
mathematics.
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Fractions

The fraction metal insets introduced at the primary level are used as a starting point for almost every fraction
concept explored in the elementary classroom. Beginning with an introduction to the quantity, symbol, and
language of fractions, and progressing to activities of equivalence, simple operations, adding and subtracting
with different denominators, and various multiplication, division, and word problem exercises, the metal in
sets provide a sensorial basis and sense of continuity for all the fraction work undertaken by the child at this

level. Once a concept has been introduced using the insets, the student may continue to explore using the
material or choose to create her own booklet or chart as a follow-up activity. The sequence of presentations

helps to ensure that the child is adequately prepared for an activity before it is introduced and slowly moves
the child toward more difficult exercises as an understanding of the more basic concepts is obtained. A set of

charts illustrating different fraction concepts can be hung on the wall during the child's study and used for
recalling information as necessary.
Decimal Fractions

Decimal fractions are introduced after the student has had experience with multiplying and dividing and
has worked with the fraction insets. Small wooden cubes color coded to represent the hierarchy of decimal

numbers from one-tenth to one-hundred thousandth are used throughout the study of decimal fractions in
combination with the decimal fraction board-a working board containing columns representing whole and
decimal numbers on which the decimal cubes, corresponding numeral cards, and colored whole number

beads may be placed. Once a set of initial presentations introducing the quantity and symbols for decimal
fractions has been given, the decimal board is used to introduce the formation and reading of decimal num
bers and to perform addition, subtraction, multiplication, and division operations. The hierarchy of numbers
as existing even in decimal firactions-that ten of this category equals one of the next higher-is emphasized
through these operations, and the student is shown how to complete the processes on paper. Further ex
perience with multiplying whole and decimal numbers is provided through the decimal checker board. A
procedure for determining the rule for multiplying and dividing decimal fractions can then be demonstrated
as well as an activity for converting common fractions to decimal fractions.
Squaring and Cubing

The child's work with squaring and cubing in the elementary classroom begins with a sequence of activities
introducing the squares and cubes of numbers using the bead cabinet material which consists of different
colored bead chains, squares, and cubes for each number, 1 through 10. Once the concept, notation, and
numerical values first for squares, then for cubes, has been presented with the bead material, the child can be
shown a series of games and exercises that explore squares, cubes, and the multiplication tables both sensorial
and numerically. Different power scales and decanomial layouts can be shown to the child as well as meth

ods for adding, subtracting, multiplying and dividing the squares and cubes of numbers. These activities are
used to arouse the child's interest and to provide a basis for the more structured squaring and cubing exer
cises and the student's later work in algebra.

An extensive series of activities exploring binomials and trinomials both numerically and algebraically con
tinues the child's work with squaring and cubing. An assortment of materials, including the bead squares, the
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colored bead bars, the golden bead material, and the colored pegs and peg board is used to progress through
the squaring exercises while the wooden cubing material, which consists of one cube and 27 squares for each
of the powers from 1 to 9, is used for many of the cubing activities. The binomial and trinomial cubes previ
ously introduced as sensorial puzzles in the preschool Montessori classroom are reintroduced at this level to

demonstrate cubing algebraically and a second trinomial cube, color-coded to represent each category value
from a unit to ten thousand, is used to illustrate cubing a trinomial hierarchically. These exercises allow the
student to discover relationships between the component parts of squares and cubes and prepare them for
abstract analysis of polynomials.
Square Root and Cube Root
A conceptual understanding of square and cube root is attained by the student in the Montessori classroom

through a succession of activities using the colored pegs and peg board to investigate square root and the
wooden cubing material to examine cube root. A lesson introducing the concept, language, and notation
begins both the study of square root and cube root and in both areas of work the child moves from concrete

exploration with the materials toward discovering the algorithm necessary for completing the process on
paper. The manipulatives enable the student to find the square and cube roots for progressively more difficult
problems and by paralleling the algorithm in their use, prepare the child for arriving at her own understand
ing of the abstract procedure. The exercises also provide the child with practice in place value and multiplica
tion.

Powers of Numbers

The student s work with the powers of numbers begins after the exercises with squares and cubes through
the use of a material called the power of two cube. Consisting of cubes and prisms, each a progression of
squaring the previous piece, the cube concretely demonstrates the powers of two and is used to introduce the
terminology of base and exponent. Bases other than two are examined using a large quantity of small white
cubes, and the hierarchical material is reintroduced as demonstrating the powers of ten. The child can then
be shown how to complete operations using exponential notation and can be lead to discover the rule for
multiplying and dividing numbers of the same base.
N^ative Numbers

Negative numbers are introduced in the elementary classroom through a variation on the snake game that
is presented at the primary level to reinforce the process of addition. Negative bead bars are included in the
procedure during the negative snake game to visually demonstrate that negative numbers decrease the quan
tity during addition and to emphasize that numerically equal positives and negatives cancel one another out.
Once the child has sensorially experienced negative numbers, she is shown how to record the snake on paper

and is later introduced to subtracting, multiplying, and dividing negative numbers using concrete materials.
The student continues to work with the manipulatives until they are no longer needed and is encouraged to
derive the rule for completing operations with sign numbers through her own explorations.
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Non-decimal Bases

Non-decimal bases are introduced after the child has worked extensively with the decimal system and is

aware of the geometric shapes of the various powers and that we have a place value system where zero is
necessary. The numeration of non-decimal bases is examined by counting with the bead material on a num

ber base board that has been divided into four categories: (a) units, (b) bars, (c) squares, and (d) cubes. For
example, when counting in base five, unit beads up to four are placed in the unit column and recorded one
at a time as 1,2,3,4. As a fifth unit bead is added, the five units are exchanged for a five bead bar, which is
placed in the bar column, and the number 10 is recorded to illustrate one bar and no units. As another unit
is added to the unit column the number 11 is recorded and so on. Once the student is comfortable with

counting in non-decimal bases, a series of charts can be presented to assist the child in performing operations
in bases other than our own, and techniques for converting from a given base to base ten and vice versa can
be presented. These exercises are presented to arouse the interest of the child and to expand their perception
of what is meant by a number system.
Word Problems

Word problems should ideally be introduced through practical applications in the classroom but may be
developed if they don't occur on their own. The student should be given the steps necessary for solving a
problem and once carried out, the answer should be checked against what is known to determine if the solu
tion makes sense.

Two kinds of problems-velocity, distance, and time; and interest, rate, time, and principal-are included in the
elementary curriculum. These are given to the child in three levels beginning with a sensorial introduction at

an early age where labeled tickets and the golden bead material are used to help the child set up the problem
and determine the solution for each variable included. At the second level the student is helped to identify

more precisely what was done arithmetically, and at the third level, the rule or formula for the problem is
presented.
Ratio and Proportion

The child's study of ratio moves from a concrete introduction using the colored pegs on the peg board

though a series of exercises that explore the arithmetical recording of ratio, ratio written as fractions, ratio
stated algebraically, and various word problems where practical applications of ratio are investigated. Propor
tion is introduced after the student has studied ratio and is able to balance equations. Various objects in the

environment such as a one bead bar and a five bead bar, geometric figures which are equal in proportion,

the power of two cube, etc., are used to illustrate proportional relationships and to provide a foundation for
calculating arithmetically and algebraically with proportion. The student's work in this area is completed by
applying proportion to word problems or in problem situations occurring naturally in the classroom.
Algebra

Children are introduced to algebra in the Montessori classroom once they are able to write formulas in word
problems and can perform operations in fractions and negative numbers. In the first series of activities the
child is shown how to balance an equation that has been laid out in bead bars when something has been
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added or subtracted to one side or when one side has been multiplied or divided by a number. The student
then explores operations with equations and is introduced to algebraic word problems. These activities pro
vide concrete experience with statements of equality and form a basis for the child's later work with algebra.
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