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Introduction

Emergent Number Sense focuses on how young children (from babies to 5 and 6 year olds)
learn mathematics. Children make meaning from the world around them. They come to school
(even pre-school/creche and grade R) with many mathematical experiences from their life
experience. Over time they are inducted — learning from adults and their peers — into a tradition
of more formal mathematics.

This umthamo has the following key ideas:
1. Explain what mathematics is, and agree on some ground rules (classroom norms)
for this maths course.
2. Know how to succeed in this maths course: what to do each week and how you
are assessed.
3. Know that for mathematics to make sense, we need a clear mental map or picture for
numbers and relationships. There are two main pathways for learning about numbers:
a. A discrete pathway; and
b. A continuous pathway.

--@® What is mathematics?

We know that many students taking this course have not liked mathematics at school. Many
students find maths difficult and stressful. We believe everyone can do mathematics. Even if a
person has been taught badly, and hated maths before, with effort and opportunity that person
can do maths.
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But, what is mathematics? Are we all talking about the same thing when we say “maths”?
Mathematics involves thinking about and working with numbers, shape and space.
The South African Curriculum and Assessment Policy (CAPS) identifies five content areas for
primary school mathematics.
Numbers operations and relationships is the focus in
primary school. it is given the most time
° Numbers can be whole, natural, rational
or integers;
° Operations are add, subtract, multiply and
divide; and
° Relationships include equal, unequal contexts,
more than and less than.
There are 3 contexts in which to use numbers, operations
and relationships:
° Shape and space
° Measurement and
° Data handling.

Shape & space
Measurement
Data handling

Patterns, functions & algebra

Patterns functions and algebra is the foundation. It is the way of learning about numbers,
operations and relationships in the 3 different contexts.

@ MATHS 4 PRIMARY TEACHERS PRACTICE WORKBOOK



The South African curriculum and assessment policy (CAPS) defines mathematics as follows:
Mathematics is a language that makes use of symbols and notations for describing
numerical, geometric and graphical relationships. It is a human activity that
involves observing, representing and investigating patterns and quantitative
relationships in physical and social phenomena and between mathematical
objects themselves. It helps to develop mental processes that enhance logical
and critical thinking, accuracy and problem-solving that will contribute to decision-
making. (DBE, 2011).

As teachers you need to know the different types of numbers which children encounterin primary
and secondary school. This diagram shows how the different number systems fit together.

Diagram: Number systems

Real numbers (R)

0.1; 0.2;0.3; 0.4; 0.5 .2

Whole numbers (N,)
0

Natural numbers (N)

1;,2;3;4;5;... 10%; 20%; 30%; 40%; 50% ...

Integers (2)

1 fifth, 2 fifths, 3 fifths, 4 fifths, 5 fifths

Rational numbers (Q)

Irrational numbers (Q’)
pi; 0,153566735698...

This course is designed to help you to learn the mathematics you need to teach primary school
children, well. Learning mathematics involves learning ways of thinking. Carpenter, Franke et al.
(2003) write that learning mathematics

involves learning powerful mathematical ideas rather than a collection of

disconnected procedures for carrying out calculations. But it also entails learning

to generate those ideas, how to express them using words and symbols, and

how to justify to oneself and others that those ideas are true. (Carpenter, Franke

etal. 2003, p. 1)

Learning mathematics is learning ways of thinking about quantities (discrete objects/events
and continuous quantities which we can measure).

Learning mathematics is learning ways of thinking about shapes, their arrangement, how
they are positioned and can change (transform) in space. In Task 1.2 you read an article about
mathematical powers. Once you have thought about your relationship with maths (how it makes
you feel, right now) and you have agreed on what maths actually is, it may be worth working on
some classroom norms. How do you want to be treated, and how will you agree to behave in this

maths class? What kind of a maths teacher do you want to be?
UNIT 1: INTRODUCTION @



COURSE OVERVIEW

These are some examples of classroom norms. Your class might agree to some of these, add some
more. You may want to elect a class representative. Start a whatsapp group to help each other.

Diagram: Some classroom norms

--@® How to succeed in this course

Weekly rhythm for learning

To be successful in this university course, you will need to work every week. We want you to pass
and to pass well. We give you lots of opportunities to

e |earn how to teach maths and

e improve your own maths.
If your own maths is shaky and if you hate maths you wont be able to teach it well. Now is your
chance to work hard to develop a better relationship with maths, be better at doing maths (maths
should make sense); and learn to teach primary maths well.

4 Ju'inrE]k ) i Get your jumptrak username
thinking forward APy . ool and password from your
5 lecturer.
Make sure you use it on a
computer or mobile.

8 @

https://library.jumptrak.co.za/




wn@® How to succeed in this course

You will get feedback on your work through tutorials, marking and reflecting on tasks, and from

your quizzes. Use this feedback

Mistakes are good
In this course there are many
and improve.

INSIDE THIS SPACE,
MISTAKES ARE..
FAPECTED.

RESPECTED.
INSPECTED.
CORRECTED.

to improve.

opportunities to practice, check what you know, get feedback

All mathematicians make mistakes.
No one gets everything correct at first.
Mathematicians learn from their mistakes.

If you get everything correct you are not
learning (you already knew the work).

To learn something new you must try, practice,
get things wrong, and learn from your mistakes.

You get feedback when you mark your own work, and when you mark other students work. You
also get feedback when you practice 2 min tangoes online (the computer tells you if you are
correct or incorrect). You can practice until you are getting most questions correct. You also get
feedback when you write a weekly quiz. All of this helps you to learn and become more fluent with

mental calculations.

Attend
lectures

tuto r|a IS eTalk about ideas

*Ask questions
*Take notes
Talk to others

Atte nd *Ask questions

*Work together

Do each task

Submit «Take a photo

eUpload your work

your tasks [

*Mark your work

Mark the [

work

taSkS elearn from your

mistakes

*Work on 2 min

Practice ek

*Get feedback

ﬂ uenCieS «Get faster and

more accurate

o +Read through
Write kbook (ake noes,
discu
H *Reviewyourtasks
yo ur q (OIVA ... ihe fuencies

If you follow these 6 steps, for every umthamo each week, you will succeed
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UMTHAMO 1.1: INTRODUCTION

In this module we focus on how to teach children to make sense of numbers.
In South Africa, many children imagine numbers as a looooong string of 1s.
They calculate in 1s, like this:
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But this is very inefficient.
We DON'T want learners to draw number pictures as a long string of 1s!
We DO want learners to use number symbols and structure into 100s, 10s and 1s.

As teachers, we help learners structure their number pictures into 100s, 10s and 1s.
As a teacher you should ALWAYS structure number pictures into 100s, 10s and 1s.
We NEVER want to see teachers working like this:
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w=@® Building mental maps or pictures

@ Building mental maps or pictures

Many of us have learnt maths by memorising. Many of us don’t have a mental map for maths
which goes beyond counting in ones. Our first job in this course to see maths as meaningful.
For maths to make sense we each need a coherent mental map or picture. Our second job in
this course is to help children build meaningful mental maps for learning mathematics.

There are two main routes to developing children’s number sense:
e A counting pathway where the starting point is discrete quantities (discrete objects or
discrete events); and

Ones Tens Hundreds

A
%u

¢ A measurement pathway where the starting point is continuous quantities that can be
measured using a particular attribute such as length or volume.

Counting
discrete
objects

NS

Measuring -_— ‘ ’
continuous ﬁD 100 cups fill
extents p = | bucket
| cup 10 cups fill
|jug

In this module we consider both pathways, and an underlying approach of structuring numbers to
identify, describe and generalise the patterns of 2s, 5s and 10s.

The counting pathway uses number pictures.

(Jo)(0)
(10)(10)

Children should structure number pictures in 10s. They write the number symbol 10.

000

The measurement pathway uses number lines.

To measure | start at zel
| take equal steps.

| count each step
movement) forward.

S 4 L L

7

F 4 5 6 1 % A W

& F F

Children should structure number lines in 10s. Multiples of 10 are “friendly numbers”.
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UMTHAMO 1.1: INTRODUCTION

@ let’s talk maths

S<--Activity for learners
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The two pathways are related. Children need to learn both meanings of the number: cardinal (size
of a set) and ordinal (the sequence of numbers). They need to use and move between different
representations of number.

What does the English word ‘cardinal’ mean? How is ‘cardinal’ different from ‘ordinal’
and ‘nominal’?

e Cardinal is used to indicate how many. One, two, three.

e Ordinal numbers are words used to arrange numbers in a sequence — to rank or order.
First, second, third.

e Nominal numbers are used to identify something, like an ID number, or telephone number.

- SOME IDEAS FOR YOUR CLASSROOM

The CAPS and the learner workbooks have activities which use discrete objects, and activities
which use continuous measurements. Look through a workbook, or a grade in the CAPS and find
an example that uses the counting pathway and an example that uses the measurement pathway.

Discrete objects and discrete events

Examples of discrete objects are: people, fingers, apples, counters.

Examples of discrete events are: steps, claps, breaths, chimes of a bell, a clock ticking.
In this activity for learners, grade 1 children count the discrete objects in the picture.

?A e N Notice that the children
_ - ?TTT - “count the number of
each different type of
animal and draw the
same number of dots”.
Each dot represents a

discrete object.

What else could
@ children count in this
picture? What questions

could you ask your
/gf class about this picture?

Continuous quantities which can be measured
Examples of continuous quantities or extents are: the area of field, the length of a stick, the volume
of water, the height of a wall, the mass of a bag of sand

How many squares long is each ribbon? In this learner activity the children
compare the lengths of each ribbon
,‘ = by measuring them using squares as
L] a unit of measurement.
[]
L] What questions could you ask your class
= about this picture?
0] O P
] []




f TASK 1: Conceptual understanding

/ Task 1.1. Drawing “mathematics” and creating a pattern

1. Imagine that could hold “mathematics” in your hand. Or imagine that
you could meet “mathematics” walking down the street. Reflecting
your experience so far, draw a picture of this object or character
called “mathematics”. Show what mathematics looks like to you.

Now, discuss: How does mathematics make you feel?
Now, take a photo of Task 1.1 Question 1. Upload the photo.

/ Task 1.2: Reading an article

When you study to be ateacher, you also learnto be areader and aresearcher.
Good teachers read. They take and use ideas from others. They share their
ideas with their colleagues. They reflect on their teaching. So, this course
includes some readings. Read each article carefully. Read it more than once.
Notice the authors and the date. Make notes. Highlight key ideas. Look up
words that you don’t understand. Discuss it with friends.

Read Mason and Johnston-Wilder (2004) on Mathematical Powers. (on p13&14)

1. Who wrote this article? and

2. When did they publish this article?

g We use mathematical power across all
maths topics, and at all levels (from ECD

to university).

Mason & Johnston-Wilder (2003)

UNIT 1: INTRODUCTION @



3. Give an example from your own experience of when you have made a conjecture and
convinced someone (or yourself).

4. Describe a situation where you have used your powers of organising and classifying. It can
be from any context (in life, in school, or at home, ..))

5. Have you ever played charades, Pictonary or 30 seconds?

Choose one simple concept or word. It can be any concept (apple, car, triangle, smile, walk,
anger). First imagine that concept (think about it yourself — what does the concept refer to, or
look like?). Now - without writing down your word - express your concept by drawing or writing.

6. Generalising: “All white men can’t jump”. Specialising: “Elon Musk can’t jump”
Write down your own example of 2 sentences which show the power of generalising and

specialising.

PrimTEd MAT3

To reason mathematically
we: specialise - generalise -
conjecture - justify/refute

- prove

@ MATHS 4 PRIMARY TEACHERS PRACTICE WORKBOOK




Reading 1: Mason & Wilder-Johston (2004) Johnston-Wilder

John Mason has identified a set of 8 “Mathematical Powers” that all children possess and which we
need to foster and develop in order to create “able mathematicians” who are able to reason about

maths and problem solve. The powers, which come in pairs, are as follows:

ﬂ:oniecture \

ﬁ:onvince \

Children should be encouraged to make Children should then be encouraged to
conjectures, that is say what they think and convince, that is to persuade people (a
about what they notice or why something partner, group, class, you, an adult at
happens. E.g, “I think that when you home etc) that their conjectures are true.
multiply an odd number by an even In the process of convincing, children
number you are always going to end up may use some, or all, of their other maths
Qvith an even number.” / Qowers. /
| N - )
Organise Classiy
Children should be encouraged to Children should then be encouraged to
. . . & classify the objects they have organised
organise, putting things (numbers, facts, and e.g, identifying the groups odd and even
patterns, shapes) into groups, in an order nur’nbers irregular and regular shapes
or a pattern, e.g., sorting numbers or ) ’ & g Pes,
shapes e
/ . \ Express \
Imagine P
Children should be encouraged to
Child hould b d t
. ! Ten Z ol € encourzli)ge 3 express their thinking, that is show and
imagine, objects, patterns, numbers an and explain their thinking and reasoning e.g.,
resources to help them solve problems about a roblem.  relationshi or
and reason about mathematics. generalisatiolr)ls ’ g
ﬂpecialise \ ﬂ}eneralise \
Children should be encouraged to Children should be encouraged to
specialise, that is to look at specific and generalise, that is to make connections

examples or a small set examples of
something. For example, looking at the
odd number 7 and the even number 8 to
test their conjecture that an odd X even
number = odd number. Children can also

specialise in order to start to see patterns

and use these to form rules and patterns.
For example, from their specific example
they could generalise that any odd
number multiplied by an even number

gives an even number. Children should
also be encouraged to use algebra to

Mason, J and Johnston-Wilder, S (2004) Learners Powers in: Fundamental Constructs in Education, London:Routledge Falmer pp115-142
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Key Pedagogies

Prompting childrens's thinking through questions: Providing opportunities for children to:

What do you notice? Engage in talk {listen, analyse, discuss)

What is the same and what is different? Manipulate, experience, visualise

Developing children’s thinking through: Enabling learning through:

Investigation Drawing attention to....

Scaffolding Developing reasoning and making connections

Developing Reasoning

Reasoning and conceptual understanding

Encouraging children to reason in maths helps to support children to develop a conceptual and
relational understanding of maths: an understanding of why maths “works”, rather than just following a
sat of instructions. This leads to a far greater understanding and confidence in maths.

Key Strategies

Always, sometimes, never
Give the children a statement and ask whether it is always, sometimes or never true.

Is it always sometimes or never true that the product of two even numbers is even?

Another, another and another
Give the children a statement and ask them to give you examples that meet the statement, and then ask
for another example, and another........

Can you give me a way of partitioning the number 31047 Another, another, another.....

Convince me
Make a statement to the children and ask them to decide whether it is accurate or not, then explain
their reasoning to convince you.

Convince me.....that multiplication is commutative.

Hard and Easy
Ask the children to give you an example of a ‘hard” and "easy” answer to a question, explaining why one
is ‘hard” and the other “easy’

Give me a hord ond =osy example of o 4 diglt subtraction number sentence.
If this is the answer, what's the question?
Give children an answer and ask them to come up with as many questions as possible that could have

that answer.

The nnswer i 36, what rowld the pnssihle questiong he?

MATHS 4 PRIMARY TEACHERS PRACTICE WORKBOOK



/ Task 1.3: Show and explain a calculation

1. You are a maths teacher in Grade 3. Show children how to calculate 92 - 58 = ...,
without using a calculator

2. Then write a paragraph explaining to your class they way that you solved the problem.

How many squares and rectangles?

Working out: Find each unit. Then count how many repeats.

PrimTEd GPM4

. . . Teach a balanced curriculum
Small squares. ___ Blg squares. _ ReCtangles: [ Communicate concepts and

procedures through various
Total: modes of representation.
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/ Task 1.4: Two minute tango

.é 200-1=______ — =256-100
g - =20-1 100 more than 23 is
:32: 1morethan300is — If | decrease 134 by 100, | get
@K If | decrease 56 by 1, | get 207:197:187
127 ;126 ;125 ;, 4plus100=____
10 more than 50 is — If l increase 146 by 1, | get
— =105-10 9+6+1=10+___

If | decrease 50 by 1, | get 99+26+1=100+___

89 subtract1=____

If Il increase 25 by 10, | get

4:14:;24;, 55-10=____

Children should learn the small, medium and large counting songs.
e Counting forwards in 1s is the same as adding 1 each time
e Counting forwards in 10s is the same as adding 10 each time

e Counting forwards in 100s is the same as adding 100 each time

They should have a mental image of the number songs as a number picture and as a number line.

The counting pathway (number pictures) The measurement pathway (number lines)

Sl 4T :8 p 5% :1 N
song @7)48 49 50 51
Medium 47 (10) (C10) Cao0) N TN YN

song 58 59 60
57 67 77

Large
song 27 | 100 || 100 || 100 N N
147 247

147 247 347
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Summarise in your own words 4
main ideas in this introductory unit.

What are the WEEKLY activities you must complete to succeed in this course?

UNIT 1: INTRODUCTION




The counting pathway

@ The counting pathway

A counting pathway is a route for learning about numbers, where the starting point is discrete
quantities (discrete objects or discrete events).

The key ideas in Unit 2 are:
3. Following the counting pathway to learn about numbers, children count discrete
objects or discrete events.
4. Children learn to ‘count with meaning’ by moving along a counting trajectory.
5. Children first learn to count in 1s. But to understand number names beyond ten, they
need to count and structure in 1s, 10s and 100s. They also count and structure in 2s

and 5s.
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These are the main features of the counting pathway.

Quantities Discrete quantities that can be counted
Pathway into Counting pathway

number sense

Unit Counting unit (often in 1s, 2s, 5s or 10s)
Metaphor A container

The container
or the set
of 5 objects

Adiscrete
object

or

An element

Representations | Number pictures

00000

Number meaning | Cardinality
Number is the size of a set/collection of discrete quantities.

MATHS 4 PRIMARY TEACHERS PRACTICE WORKBOOK
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-=@® Children learn to ‘count with meaning’ by moving along a

counting trajectory

Children learn to count, moving along a counting learning trajectory:

Stage 1: Choose what to count, and match objects one to one

Stage 2: Compare collections (by subitising) to identify which has more or fewer

Stage 3: Learn the number song (say the small number sequence to count in ones)

Stage 4: Realise that it does not matter where you start, you must touch and count each
one. So they notice where they start and end to count a set of objects (so they
don’t count the same object twice) (order irrelevance)

Stage 5: Abstract the number-ness of a number. Know that five can refer to five objects
or five pictures or five events or 5 steps etc.

Stage 6: Know how many there are. Match one counting word to each object in
the collection and realise that the last number named is how many there are in
the set (cardinality).

Umthamo 2.1 Umthamo 2.4

Discrete quantities

Umthamo 2.2
Subitising

Umthamo 2.3
Counting songs (1s,10s,100s):
(stable order and order irrelevance)

Abstraction and cardinality

One to one Approximate Stable order Order irrelevance S el )] Cardinality
wolg =L L Tl number system
Choose the Subitising Counting Choose Represent in
counting unit songs: anywhere to different ways 6 ‘
Repeat that Small, start Matching
unit medium, large one counting
5 waord to each
Five-ness: object in a
Realising “Five” can collection to
that it refer to count: How
3 doesn't 5 spoons, many? The
Learning matter 5 counters, last number
the number where you 5 fingers, named, is
Comparing names and start, you ete how many
collections seguencing must just Ithere are.
to see them in touch and “There are
Matching which has order count each ‘% \ J
objects one more and \___One. S
which has 5
p G G j’gf“:u nhn
i p - ~ 0]
o« ’/:/f o
di// 00 oS
00

Source: Adapted from Kuhne, et al. (2017) R-Maths Concept Guide, p. 62



-@® Children first learn to count in 1s. But very soon they need to

structure and count in 2s, 5s, 10s and 100s.

Children first learn to count with meaning for a counting unit of ‘one’. They count forwards and
backwards in ones and realise that they last number they say is the quantity. But to understand
our base ten number system (and so count beyond 9), they need to be comfortable using
different counting units (not just ones). They learn three counting songs:

o The small counting song with a counting unit of ‘one™1;2;3;4; ..
e The medium counting song with a counting unit of ‘ten’: 1ten, 2 tens,
3tens, 4 tens, ...
e The large counting song with a counting unit of ‘hundred’: 1 hundred,
2 hundred, 3 hundred, ...
Diagram: Small, medium and large counting songs for discrete objects
Ones Tens Hundreds
N
Counting {f‘?’) R 7‘.‘: ,J
discrete Q Wy N,
objects /{\'Z’\ ’\)"l ng?

A\

N,
\1;%&
\
\

\/

Children follow the same 6 stages in the counting learning trajectory for the different
counting units.

Diagram: How the content areas fit together

operations & relatio D
8 b —

c (o))
8 @ =
) e e
o3 o £
[0)] > <
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© a -
e (<] ©
@) = o

When discussing the counting pathway, we always also
use an underlying early algebra approach. This is supports
‘patterns, functions and algebra’ in CAPS, which is a
foundation for learning about numbers, operations in
relationships in 3 difference contexts.

We structure numbers to identify, describe and generalise
the patterns, functions and algebra for groups of 2s, 5s, 10s
and 100s.

We do this by using the 8 mathematical powers to

Patterns, functions & algebra

conjecture and convince; organise and classify; imagine and
express; specialise and generalise.
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In South Africa we have a curriculum that specifies which mathematics content is covered in each
grade. In primary school mathematics there are five content areas. The main content area is
number, operations and relationships. There are three contexts for learning about number op-
erations and relationships: shape and space, measurement, and data handling. The underlying
foundation is the patterns, functions and algebra.

In South Africa, we also have a framework — called Teaching Mathematics for Understanding
(TMU). This framework describes the mathematics processes.

CONCEPTUAL PROCEDURAL
UNDERSTANDING FLUENCY

STRATEGIC
COMPETENCE

Concept i Making sense Problem Justifying Applying maths
development of mathematics solving answers in context

Practising

Addressing
wwwdll | EARNING-CENTRED
Connecting Purposeful
Speaking Explaining pt Addressing gaps in Connecting topics
mathematics & procedures learners' knowledge and concepts

Source: Department of Basic Education (2018) Mathematics Teaching and Learning Framework
for South Africa: Teaching Mathematics For Understanding. The ideas draw on Kilpatrick,
Swafford & Findell (2001)

e Conceptual understanding enables learners to see mathematics as a connected
web of concepts. They should be able to explain the relationships between different
concepts and make links between concepts and related procedures. Conceptual
knowledge enables learners to apply ideas and justify their thinking.

o Procedural fluencies are the processes through which mathematics is done.
Learners need to perform mathematical procedures accurately and efficiently. They
also need to know when to use a particular procedure.

e Strategic competence Learners should be able to identify and use appropriate
strategies and to devise their own strategies to solve mathematical problems.

e Reasoning includes justifying and explaining one’s mathematical ideas, and
communicating them using mathematical language and symbols. Mathematical
reasoning includes deductive and inductive reasoning processes.

e Learning-centred classrooms focus on learning — where the teacher designs
learning experiences to help learners learn mathematics, using whatever teaching
and learning strategies s/he thinks are most suitable for the specific lesson that will

be taught.
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UMTHAMO 2.1

Discrete quantities

Introduction

The key ideas in umthamo 2.1 are:
1. Stage 1 of the counting trajectory is choosing a counting unit. What are we counting?
2. In Stage 1the chosen counting unit is repeated, and discrete objects are matched
one-to-one (a finger is matched to an object, forks are matched to knives, a counting
word is matched to 1 discrete object
3. A mental picture for a number of discrete objects is a container (tomatoes on plates)
e We can express and imagine whole numbers as discrete objects and events,
using many different representations
e We use whole numbers in many different contexts: measurement, shape &
space, and data handling
6. Maths does not make sense if your only mental picture is counting and structuring in
ones. To understand the base-ten number system of place value, you need to:
e Count and structure in 1s, 10s and 100s.
e You use the small, medium and large counting songs. Count in 1s, 10s and 100s
from any number
e Add and subtract 1s, 10s and 100s from any number

]
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The counting trajectory

ks

Umthamo 2.1 Umthamo 2.2
Discrete quantities Subitising

Counting songs (1s,10s,100s): A N
(stable order and order irrelevance) Abstraction and cardinality

Umthamo 2.3 w Umthamo 2.4

One to one Approximate Stable order Order irrelevance [ A Rl Cardinality
Gl LG G EN T number system
Choose the Subitising Counting Choose Represent in 6
counting unit s0ngs: an ere to different ways ‘ ) R
Repeat tghat Smagll. stay:h ¢ Matching
unit medium, large one counting
5 word to each
Five-ness: object in a
Realising “Five" can collection to
that it refer to count: How
3 doesn't 5 spoons, many? The
Learning matter 5 counters, last number
2—\ the number where you 5 fingers, named, is
Comparing names and start, you how many
collections seguencing must just there are.
io see them in touch and 2s "There are
which has order count each %ﬂ i g
more and \___ One _/' %
which has . . 5
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wn@ Choose and repeat the counting unit.

—@® Stage 1a: Choose what to count (the counting unit)

When children count how many discrete objects they are in a set, they must first decide what
should be in the set. They use their mathematical powers to organise and classify. They
choose which objects to count. They choose an object, and count how many times that object is
repeated.

Number talk

There are many “things” or units to count.

Some children may count the number 3

of plant tubs. Some children may count How many:

the number of plants or the number of

leaves. There is no right answer. What

you count, depends on what you decide How did

is the unit. you work it
out?

In every collection, there is a unit which we
count to see how many of “somethings”
is in that collection or set or group. In
any collection you should define the unit:
What are you counting or structuring?

Once children have decided what they are focusing on (the counting unit), then they can match
discrete objects one-to-one. Even before they can say the number song for counting, children can
match objects one-to-one.

Diagram: Matching one finger to one dot & ® C N ® @&
0 o @
The child can put one finger on each sticker. A child could put one e ul% / .,-;_\.‘;.-u;-.l
sticker on each finger. To do this, they don’t need to know that N o\ \
there are ‘eight’ stickers, or ‘eight’ fingers. They can just match \ t \I
the discrete objects one-to-one. Children can also match discrete | \ (
events one-to-one. / \

Diagram: Matching on action/event to one sound

The child can jump each time they hear a clap. The

-
@\\ Jump/skip each time | clap. don’t need to be able to count. They match discrete
CG?} Clap Skip events one-to-one.
(Vﬁé-:\/ Clap Sk!p
—T) g::p gE;p Children use one-to-one correspondence, even
y Clag Skig before they can talk.
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UMTHAMO 2.1: DISCRETE QUANTITIES

--@® A mental plcture for discrete objects:

We imagine and express discrete objects in many different ways.

Children move between representations of numbers: literal, concrete, iconic, indexical, and num-

ber symbols.

Diagram: Types of representations

Number
5=3+2 | sentence

5 Number
symbol /

Note: ﬁ

As this is a book/ presented
online there are no “literal”
objects. We use a photograph to
depict the “literal” objects.

Literal

O O O Indexical @g
O

Concrete

Literal objects are real physical objects in their surroundings: sticks,
stones, forks, bowls, leaves, hats, shoes

Concrete objects are physical objects which represent the literal objects
such as bottle tops, or unifix cubes. They are also called manipulatives.
They are concrete as they can be touched, joined and arranged.

Pictorial

Iconic pictures: Children also use drawings or picture of collections
objects. They can draw a lock or key or hat, or a few stones or a pair of
shoes.

Indexical picture: Overtime, they start to draw with less detail. Instead
of drawing 4 leaves, they just draw 4 circles to show how many there
are.

Abstract

Number symbols: Only in Grade R and 1 do they start to recognise and
learn to write number symbols.

Number sentences (symbolic syntactical): Later they start to write
number sentences (using symbols like + and — and = in Grade 1, and
only using x and + by Grade 3). A number sentence describes the
relationship between collections of discrete objects.
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=@ A number picture for discrete objects

Researchers used to think that children must always start with the concrete, move to the pictural
andthen movetothe abstract(Concrete=Pictorial»Abstract). We now know thisis nottrue. Children
need to work in both directions: Concrete=Pictorial+Abstract and Abstract=»Pictorial=Concrete.
Children need to have a strong mental picture of what the number symbols mean and of how
different numbers fit together.

A key representation for the counting pathway are sets of discrete objects (like apples or marbles,
or people) which can be counted in ones. The discrete objects are contained or encircled into a
set. We use a ‘container’ metaphor for the number of discrete objects contained in a set (Lakoff
& Nunes 2001).

Diagram: A number picture for discrete objects

One way that we think about a number
is using the idea of a container.

5 is a collection of 5 discrete objects,

The discrete objects are the elements of the set. The elements are the units we use to count
how many there are.

Diagram: A number picture — the container metaphor

The number 5 is a collection of 5 discrete objects

The container
or the set
of 5 objects

Aplate
of 5 tomatoes

At t
A discrete omato

object
or
An element

Thinking about the number 5, we imagine 5 objects in a set or collection. The 5 discrete objects
are grouped together into a container. This is the cardinal use of number. There are five discrete

objects in the set — so the set has a cardinality (size) of 5.
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UMTHAMO 2.1: DISCRETE QUANTITIES

To count discrete objects, or to count discrete events, we use the set of Natural numbers.

As a teacher, you should know that the Natural numbers are part of a much bigger set of numbers,
which children will slowly learn about. The symbol for natural numbers is N. Sometimes we use
the symbol: N. N{1,2,3,4,5,6,78,9,10, 11,...}

Diagram: Number systems

Can you see the
difference between the
set of Natural numbers
and the set of Whole
numbers?

Real numbers (R)
0.1;0.2;0.3;0.4;05 .2

Whole numbers (N,)
0

Natural numbers (N)
1;2;3;4;5;..

10%; 20%; 30%; 40%; 50% ...

Integers (Z)
-1;-2;-3; -4; -5; ...

PrimTEd NA2

1 fifth, 2 fiths, 3 fifths, 4 fifths, 5 fifths

Knowledge of humber systems
Rational numbers (Q)

Irrational numbers (Q’)
pi; 0,153566735698...

Young children don’t need to know about all the other types of numbers. As a teacher, you need
to know that children learn to count first with the natural numbers and then with whole num-
bers. You should be able to draw Venn diagrams, using the container metaphor for sets.

=@ Maths does not make sense if your only mental picture
is counting and structuring in ones

We know that there are many problems in the way children are taught maths in school in South
Africa. We think a big reason why maths does not make sense to many children is that they don’t
have a mental picture of how the powerful mathematics ideas fit together. We think that many
children have not been supported to see how the content areas in maths fit together, They have
not used their 8 mathematical powers to conjecture and convince; organise and classify; imagine
and express; specialise and generalise.

In particular we know that thinking about numbers as “a collection of ones” is a major problem.
The counting unit of one is a special case. Working only in 1s means we don’t generalise to use
the same processes for other (bigger) counting units. Counting in 1s is a very inefficient way of
working. It makes working with larger numbers very difficult.

[ G o
E’g: I:;SSZX?‘TrEIsefS ;;L:s:r:‘dlon Draw dots and subtract. How many are left.?

§ (discrete objects). To

Il subtract, the learner draws .

: the number of dots for the e ’

'E first number. Then they cross eees

9 out the number that is being

":t taken away or removed. 8-3=_5 T-4L=_
&b

They find the answer by
counting the remaining dots.
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S<--Activity for learners

S
2.
s
S

s

o

Put the first number in your head.
Hop backwards to subtract. Where do you land?

@ Some ideas for your classroom
=

This example for subtraction uses a
number line (continuous length). To

subtract, the learner puts the first num-
ber in their head. They draw around
N the first number. Then they hop back-
10 wards (to the left) the number that is
being taken away or removed. They
find the answer where they land.

TS

8-3= 5

pa
S

[Te s

L [
N S I —
1 2 3 4 5

Drawing discrete objects (a number picture) works well as an introduction to the operations.
Using a structured number line in ones also works well in the beginning, when children are first
learning the operations. BUT as the numbers get bigger, this becomes very inefficient. We see
many South African children using ‘counting in ones’ strategies where they draw discrete objects
for multi-digit mathematical calculations.

This is an example of how a teacher calculated 92 — 58 =

E'QE’@ 9 o o D O o0 D 2 Notice that the teacher uses a very
oo © obOODEOBPOOO inefficient method of drawing 92
' ’4, ? P P P o ¢¢ @f discrete objects. They cross out 58

e ¢ & & (¢) P discrete objects. They do not structure

¢ @ qs ¢ their drawing into 5s or 10s. It is very
CP hard to quickly see how many dots are

drawn and it is hard to keep track.

As teachers we therefore need to help South African children to move away from counting in
ones, unstructured drawings of discrete objects and inefficient calculation methods.
It is therefore important that we don’t ONLY count and structure in 1s, but ALSO:

o count and structure in 1s, 10s and 100s

o count and structure in 2s, and 5s,

@ SOME IDEAS FOR YOUR CLASSROOM

Counting and structuring in 1s

Maths teachers help children to organise and classify discrete objects and events. We help chil-
dren to imagine and express numbers. You can ask children to “show me eight”. They can show
you eight objects, or eight events. They can draw eight using different representations — literal,
iconic, indexical, symbolic, symbolic syntactical.

As adults we may think about calculations just using number symbols. But children need to know
the meaning of the symbols. They work with literal objects, and concrete materials. They draw
iconic and indexical representations of numbers.

UNIT 2: COUNTING THE PATHWAY @



UMTHAMO 2.1: DISCRETE QUANTITIES

& Examples

A collection of 8 fingers
i e, M) ‘. 0y T
% -\ ¥ v ., "l k

The unit we are counting is fingers.
We are not counting hands.
We are not counting knuckles.

There are 8 fingers.

They are structured as 5 fingers on one
hand, and 3 fingers on the other hand.
Together the hands show 8 fingers.
5+3=8

A collection of 8 dots

The unit we are counting is dots.
We are not counting the di.

There are 8 dots.
They are structured as 4 dots on each dice.
4+4=8.

Moving between different types of representations

Teachers should give young children concrete materials to work with. But they should also give
them number symbols and ask then to fetch that number of objects or draw a picture the number.

Concrete~Pictorial+Abstract

A teacher could ask children:

1. Here are some counters
(concrete)

2. Draw one dot for each counter
(pictorial)

3. Write the number symbol to
show how many counters you
have (abstract)

Abstract->Concrete~Pictorial

A teacher could ask children:

1. This is the symbol for eight: 8
(abstract)

2. Show me 8 counters (concrete)

3. Draw eight circles to make a
picture of the 8 counters (pictorial)

Counting and structuring in 2s, 5s and 10s

Because we have 5 fingers on each hand we structure our number system using 5s and 10s (we
have a base-ten place value system). Learning mathematics is embodied. Our mathematics and
our number systems would be different if our bodies were different. Imagine if we had paws each
with 4 claws. Do you think we would still use a base 10 number system?

In the structural approach teachers should emphasise relationships and structure:

e In 2s (odds, evens, doubling and halving)
e In 10s (bonds of 10, counting in 10s from any number and using 10 fingers

on 2 hands).

e In 5s (bonds of 5, counting in 5s from any number and using 5 fingers on a hand)
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w=@® Counting and structuring in 2s and 5s

GAME OF THE WEEK:

QUICK SHOW! DRAW FINGERS!
+ I will cdll @ number between O and 10.
%+ You draw the number of fingers.

PrimTEd NA1

Knowledge and use of
emergent number awareness
of learners

Draw | line to show | 'rinser.

Draw g", lines to show L ﬁnﬂer‘s.

Draw 2 lines to show 2 Finser*&

= =

Draw 5 lines to show 5 Finsars.
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Draw 3 lines to show 3 Finsara

w w Draw [0 lines to show 10 ﬂ'nsers,

Number talk — How many?

hands, fingers, ...girls/boys, etc?

& Examples

out?

Choose what you will count: Children, eyes,

How many are there? How did you work that

If you count how many eyes, ears or hands, you structure in 2s. Let’s count the eyes. Each child
has 2 eyes. Say a “counting in 2s” number song (2;4 ;6 ; 8 ; etc)

e Match each word in the counting in 2s number song to one child (one to

one correspondence)

e Notice where you start and end (so don’t count the same child twice)
e Know that the last number they say in the counting song is how many eyes are

in the set (cardinality).

If you count how many fingers, by focusing on each hand, you structure in 5s. Each hand has 5
fingers. Each child has 10 fingers. Say a “counting in 5s” humber song (5 ; 10; 15; 20 ; ..))

The same process is used if you count how many fingers, by focusing on each child, you structure
in 10s. Each child has 10 fingers. Say a “counting in 10s” number song (10 ; 20; 30; 40 ; ...). This is

the medium number song.

Diagram: Structured diagrams in 2s, 5s and 10s

00000 O
000 )]

Discrete objects:
Structured in 2s and 5s

Discrete objects:
Structured in 10-frames

Number picture:
Structured in 10s and 1s

<«

—
E

L]
I

|

|

Number line:

Structured in 10s and 5s

LLL LLl
Tl |

-
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/ Tasks: Conceptual understanding

/ Task 2.1.1: Writing and drawing whole nhumbers

To quantify “things”, we first need to choose a counting unit. We first decide, what are we counting.
Then we repeat and count that unit.

Mathematical
LT LT - On the left, there are many shapes that we could | acting and thinking
: choose to count. .
’ | Express and imagine whole
} ! [ numbers as discrete objects and
! 1. Choose ONE shape that you can see in events, using many different

the pattern. Your shape is your unit. It PSSR

i ' could be a triangle, a quadrilateral, and
' L1 , cube, a hexagon etc. Which unit will you
1 | 1 choose to repeat? Copy your shape onto
' ' the pattern paper.

2. Now repeat your shape to make a ﬁ
pattern. You can use colours. Mathematical concept

One pathway that children take to
learn about number is by counting
discrete objects. A metaphor for
discrete objects is a container

Every pattern has a unit of repetition. (tomatoes on plates)

Every pattern has a unit of repetition.

First choose a unit. Then repeat

that unit.

Choose a shape to be your unit of repetition. Then repeat your
unit to make a pattern.
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Mathematical acting ﬁ

the thinking

Express and imagine 10 as
involving numbers, operations and
relationships in different contexts:
ways as you can. measurement, shape & space, and
data handling.

2. Write (and draw) 10 in as many different ways as you can.

Remember there are many ways to represent the number 10. Show as many

3. Choose one of these labels: literal, concrete, iconic, indexical, number symbol,
number sentence

a. b. c. Drawing of leaves d. An actual leaf
e,
8 708 ~
!
N %9
:F-/-" |'\|
o \Y)
I\I('I ’

4. Complete this table giving examples of discrete objects. Discuss with a partner

Discrete objects or substances Not discrete (continuous) objects or
substances

You can count each one. You can’t count each one.

Leaves Water
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Mathematical
acting and thinking

First choose a unit. Then repeat
that unit to count how many
there are. Classify and sort

This window is made of 12 panes of ;*/‘gﬁ(ess ::’;;:;2;? ‘;gee’;t:;f;
How many I’eCtang|eS? glass. There are many rectangles. y Y

all possible options

/ Task 2.1.2 Investigation - How many rectangles in a window?

When counting the rectangles you first

define which size of rectangle is your

counting unit. You find one. Then you repeat that unit to see
how many there.

What is a rectangle?

A rectangle is a quadrilateral with 4 right angles.
Remember that a square is a special kind of rectangle.

1. How many rectangles with only 1 pane, are in the window?
The squares with only 1 pane of glass, are special rectangles.

Find one square, with only 1-pane in the window. Now repeat it. Find more.
a. How many 1-pane squares are in the window?

2. How many rectangles that have 2 panes, are in the window?

A rectangle with 2 panes can either be horizontal or vertical.
This is a horizontal rectangle, with 2 panes.

Find one horizontal rectangle with 2 panes in the window. Now repeat it. Find more.

a. How many horizontal rectangles with 2 panes, are in the window?
This is a vertical rectangle, with 2 panes.

Find one vertical rectangle with 2 panes in the window. Now repeat it. Find more.

b. How many vertical rectangles with 2 panes, are in the window?
c. So, how many rectangles (vertical and horizontal) with 2 panes,
are in the window?

3. How many rectangles that have 3 panes, are in the window?

A rectangle with 3 panes can either be horizontal or vertical.
This is a horizontal rectangle, with 3 panes.

PrimTEd MAT 1

Playful engagement to search
for and develop mathematical
insight
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Mathematical concept ﬁ

A rectangle is a quadrilateral
with 4 right angles
A square is a spacial type of a
. . . . . rectangle
Find one horizontal rectangle with 3 panes, in the window. Now repeat

it. Find more.

a. How many horizontal rectangles with 3 panes, are in the
window? .
b. Draw a vertical rectangle, with 3 panes.

Find one vertical rectangle with 3 panes, in the window. Now repeat it. Find more.

c. How many vertical rectangles with 3 panes, are in the window?
d. So, how many 3-panes rectangles (vertical and horizontal)
are in the window?

4. How many rectangles that have 4 panes, are in the window?
a. Draw and label all the options for rectangles with 4-panes.

Find one rectangle with 4 panes, in the window. Now repeat it. Find more.

b. How many horizontal rectangles with 4 panes, are in the window?
c How many vertical rectangles with 4 panes, are in the window?

d. How many squares with 4 panes, are in the window?

e So, how many rectangles with 4 panes, are in the window?

5. How many rectangles that have 5 panes, are in the window?

6. Now what about rectangles that have 6 panes, 7 panes, 8 panes...? Investigate and
record your working.

7. How many rectangles, in total, are in the window?
In total there are rectangles in the window.
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/ Tasks: Fluencies and structuring (1s, 10s, 100s)

/ Task 2.1.3 Number pictures — A container metaphor for discrete objects

Sets of leaves

In the counting song for ones (small number song), each number is within the next number.

They are a nested set.

1. Continue the nesting pattern:

1is inside the set of 2

2 isinside the set of 3
is inside the set of
is inside the set of
isinside thesetof ___

The big idea here is that 1; 2; 3; and 4 are all within the set of 5.

Mathematical
acting and thinking

Express and imagine discrete
objects and events in many
different ways

A metaphor for discrete objects
is a container (tomatoes on
plates)

Smaller numbers are contained
within bigger numbers —

they form nested sets

2. Choose a discrete object to draw (eg. an apple, a pencil, a hand, a brick...). Draw
12 of these discrete objects. Draw a circle around the ten objects to show the set

of 10.
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3. Now draw the 12 discrete objects using an index/symbol (e.g. a circle or a triangle,
or line) for each object. Draw a circle around the ten object to show the set of

10.
PrimTEd N1
Emergent number awareness
of learners
4,
How many?
song 1 2 3 4 5 6 7
How many?
There are tens.
Medium
song 1 P 3 4 5 There are ones.
How many?
There are
Large hundreds
song
There are
tens
There are
ones
1 2 3

As teachers we ALWAYS draw by structuring in 100s, 10s and 1s
Children will start drawing with 1s.
But, as teachers, we help children to structure in 100s, 10s and 1s
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/ Task 21.4 Two minute tango

2+ =5 5-5=______
20+ — =50 75-5=______
200+_______ =500 375-5=______
_______+1=5 _ _+7=10
— +10=50 70+____ =100
____ +100=500 —_____+700=1000
4+______ =25 4+ =10
_ +4=25 4+ =20
250-_______ =40 14 + =20
250-40=______ — +4=20

Equals means is the same as.

Equals DOES NOT mean “makes” or “find the answer”.

My number plus 2 is the same as 5. What’s my number? or
Something add 2 is the same as 5. What’s my number?

[]+2 = 5

| can add ones. So | can add tens!
lknow that5+3=8

5 + 3 = 8
Therefore: | know that 50 + 30 = 80 50 + 30 = 80

Number facts connect in 1s, 10s and 100s.

o [fl knowthat5 +3 =8, then | know that 500 + 300 =800
e |f] know that5 + 3 =8, then | know that 5 000 + 3 000 =8 000

MATHS 4 PRIMARY TEACHERS PRACTICE WORKBOOK




SUMMARY

Name and draw the different types of representations children use.
Have you completed the 5 steps for success?

Draw a number picture (tomatoes on plates) for discrete objects.
Is your drawing indexical or iconic?

What concepts to do you think you will be tested on in Quiz 2.1?
What mental fluencies will you be tested in in Quiz 2.1?

PrimTEd MAT4

Reflect for action
Reflect on the process to make
decisions for further action.
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UMTHAMO 2.2

Subitising
Introduction

The key ideas in umthamo 2.2 are:

1. There are 6 principles which children must apply to count with meaning:
one-to-one correspondence, comparison, stable order, order irrelevance, abstraction
and cardinality.

2. Stage 2 of the counting trajectory uses the approximate number system to compare
which has more or fewer.

3. In Stage 2 children subitise (quickly see without counting)

e First they use perceptual subitising (for small sets less than 5 or 6)

e Then they use conceptual subitising (bigger sets are split up)

o Next they use conceptual subitising with place value and skip counting
(using the small, medium and large counting songs)

e Finally they use conceptual subitising with place value and multiplication.

4. Maths does not make sense if a child’s only mental picture is counting and structuring
in ones. Children can:

e Use number pictures that are structured into 1s, 10s and 100s.
e Structure number in 2s and in 5s
e Be fluent with bonds of 10, and counting in 5s.

2

Umthamo 2.1 Umthamo 2.2
Discrete quantities Subitising

Umthamo 2.3
N Umthamo 2.4
Counting songs (1s,10s,100s): i [T
(stable order and order irrelevance) Abstraction and cardinality

One to one Approximate Stable order Order irrelevance -G w1y Cardinality
Ly LT L G D Wl number system

Choose the Subitising Counting Choose Represent in
counting unit songs: anywhere to different ways 6

Repeat that Small, start Matching
unit medium, large one counting
5 word to each
Five-ness: object in a
Realising “Five” can collection to
that it refer to count: How
.3 doesn’t 5 spoons, many? The
Learning matter 5 counters, last number
the number where you 5 fingers, named, is
Comparing names and start, you elc. how many
collections sequencing must just there are.
to see them in touch and P “There are
Matching which has order count each f‘%ﬁ ;o\ "
objects one more and \__ one.  / %
which has
fewer = ] 2



w=@® Choose and repeat the counting unit.

With plenty of hands-on activities and guidance from the teacher, children begin to understand
and apply the following counting principles:

One-to-one correspondence principle: Matching discrete objects and discrete events one-to-
one. Children match discrete objects by touching and arranging them. Children match discrete
events with an action. They can track events on their fingers or by moving stones or by drawing
a mark.

Compare using the approximate number system: Children use the Approximate Number System
(ANS) to compare small sets of objects and identify which set has more and which has fewer.
They use perceptual subitising to compare two small sets.

Stable order principle: Children know the small humber song. Number names are always
arranged in the same fixed order, e.g. one is followed by two, two is followed by three, three is
followed by four, and so on.

Order-irrelevance principle: The order of counting the objects in a collection does not matter.
Children need to understand that however we arrange the objects, the total number of objects in
the collection remains the same.

Abstraction principle: Children understand that even if groups with the same number of objects
look very different (e.g. five grapes, five people, five houses) they have the same numerosity, i.e.
‘fiveness’. They realise that counting can be applied to objects, pictures, colours, shapes, or even
actions or sounds.

Source: Kuhne, et al. (2017) R-Maths Concept Guide

Cardinality principle: The last number word said when counting a collection represents the total
number in the collection. When a child is able to answer: ‘How many are there?’, they have
reached an important counting milestone. They can now count with meaning. They realise that
the last number that they say in the number song name, is also how many there are in the
collection. They have found the cardinality of the set.

In this umthamo, we focus on comparing discrete quantities using the ANS.

We learn about subitising
Humans can reason ﬁ Humans are born with ﬁ

Humans are born with about quantities BEFORE an APPROXIMATE NUMBER
an OBJECT TRACKING THEY CAN TALK SYSTEM (ANS). This allows a
SYSTEM (OTS). This allows a ’ baby notice which has more

baby to track the movement of or less, or when an object is

up to 4 objects (or people). ' missing (up to 5 or 6)

UNIT 2: COUNTING THE PATHWAY



UMTHAMO 2.2: SUBITISING
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=@ The approximate number system

At a very early stage children use their approximate number system. Babies as young as three
months notice when a discrete object is missing.

If you show a baby a screen with 4 dots,

and then
show them the same screen with 4 dots,

and then
show them the same screen with 4 dots,
they will get bored.

But then if you show them a screen with 3
dots, the baby will look puzzled,

They will look longer and wait
to see what you do next.

They look for the missing dot.

Children can compare two small collections and identify which collection has more. They can
show you which set has more and which set has less.

Are there more black dots or

. . . " grey dots?
® . . . . If this activity is too difficult try the

. ' . . same task with a small sets of objects.
The bigger the difference in size

G dot between the two groups, the easier it
Black dots rey dots is to compare.

You use your approximate number system to compare sets.

Are there more white

dots or grey dots? .
0® e @ o O
O




S<--Activity for learners

w=® Perceptual subitising

Early on (before and during Grade R) children use perceptual subitising. Soon there after (Grade
R and Grade 1) they use conceptual subitising (in 1s). As they move beyond a group of ten, they
use conceptual subitising to link this with place value. First they use skip counting (of the small
and medium counting songs), later (Grade 2 and 3) they link place value to multiplication.

@ SOME IDEAS FOR YOUR CLASSROOM

Teachers can design tasks that are the right level for their children. Here are examples of activ-
ities which move from perceptual subitising (Grade R and before) to conceptual subitising with
place value and multiplication (Grade 3 and after).

@ Perceptual subitising

Perceptual subitising is for small sets of objects (up to 5 or 6). It is instantly recognizing and
naming quantities without counting.

How many dots?
This child can subitise up to 5 or 6. They use

How many dots? perceptual subitising.
®  enqicky s, Children use their approximate number system
P Five. to compare two groups. They can see who has
® o more and who has less (without counting).

Children subitise to play 1,2,3 Show! or 1,2,3 Vezal!
1. Start with children using only one hand. They use conceptual subitising to play
o Who has more?
e Who has less?
e How many? Zingaphi?
e How many more? How many less?
2. Later, children can use both hands. They use perceptual subitising to play

o Who has more?

e Who has less?

e How may? Zingaphi?

e How many more? How many less?

PrimTEd GPM3

Engage learners productively
with mathematics.

Home language - develop tasks
to enhance mathematical
language use.
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UMTHAMO 2.2: SUBITISING

Use perceptual subitising to play 1,2,3 Show! with only one hand.

£ GAME OF THE WEEK:
S
& 123! How many? Zingaphi?
- Play in pairs.
- Put hands behind back.

- Say together, I, 2, 3| Zingaphi?

« One child shows fingers on their one hand.

- The other child says how many they see,
quickly.

- Do again! Faster!

To find How many?, children can subitise - they don’t need to count.
They can use their approximate number system to find
Who has more? and Who has less?

z GAME OF THE WEEK:
<
& 123! Who has less?
- Play in pairs.
- Put hands behind back.
- Say together, “I, 2, 3| Who has less?
- Both children show fingers on both hands.
* Who has less? Ngubani onokuncinci?
- Do againl Faster!
Parents or siblings can play 1,2,3 Veza at home.
The child uses perceptual subitising to quickly say How many?
£
S
>

1-2-3 VEZA: ONE HAND

+ You and your child put one hand
behind your back.

- Say together, “l, 2, 3, Vezal”

+ Your child says how many they see,
as quickly as possible.

+ Both of you show fingers on one hand.




w=@® Conceptual subitising

=@ Conceptual subitising

Conceptual subitising is for bigger sets of objects (more than 7). Subsets are created and then
combined.

Children subitise and use their fingers to structure numbers by breaking up bigger numbers into
smaller parts. When children break up a bigger collection into smaller sub-groups, this is called
conceptual subitising.

How many dots?

How many dots?

Three and four

S<--Activity for learners

So there are
seven dots.

This child can subitise beyond 5 or 6. They use conceptual subitising.
Conceptual subitising by structuring in 5s

Because we have 5 fingers on each hand we structure our number system using 5s and 10s (we
have a base-ten place value system).

# How many?
S~
s
s Which one is easiest to quickly see how many, without counting?
=N Which one does not belong? Why? .
. g Why PrimTEd NA1
2
: Recognise learners ability to
'; subitise, approximate, order and
'.E L S e LIPS (N N N N N ] ... compare numbers.
< oo | |® ° o )
i () o9
Cx) [ ]

Children can subitise! They know they have 5 fingers on each hand. To show 5, they show all
their fingers. There is no need to count each time. Beyond 5 they start using 2 hands.

UNIT 2: COUNTING THE PATHWAY
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Show me a number.

Structure in 2s Structure in 5s

@ 6=3+3 @ @ 6=29+1
E[[l @ 7=3+3+1 @ % 7=3+2
o 8=4+4 @ @ 8=5+3
9=4+4+1 @ @ 9=5+4

’ Q[Ifr| st P ﬂ_L? I_JTW

\ -,I_.J'

10=5+5

L.

To structure in 5s, children first use their one hand, then add on the additional fingers from their
other hand. Learning to use the base-five humber structure is supported by the ‘five-ness’ em-
bodied in our fingers.

To structure in 2s, children use both hands and use symmetry. For even numbers they show the

same amount of fingers on each hand. For odd numbers they show the same amount of fingers
on each hand and raise one more finger

, 34 131 g5 <2
Our number system uses 10 digits: 1 5 " 15 &l 25
1,2,3,4,5,6,7,8,9, and O. - LN SEN S,
10 means 1 group of 10 and O ones g 10 L 20 26 30
11 means 1 group of 10 and % % %
1one
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& Game

& Game

& Game

wn@@ Games for conceptual subitiing

123! How many? Zingaphi?

Play in pairs.
- Put hands behind back.
- Say together, “I, 2, 3| Zingaphi?
- One child shows fingers on their hands

- The other child says how many they see,
quickly.
* Do again! Faster!

Chidlren use conceptual subitising to show How many?, using two hands

Game 1. Quick Show £

- You flash fingers on two hands. e “Eﬂ;,/;m\
* Your child says number as quickly *i._. ,és‘_ 0 F:fl I8
as possible. P a ‘gﬁf\ fl I\?xiz \B \
- You repeat back, “Yes, 5 fingers -, 3 \\} -2
and 3 fingers is 8 fingers!” t:ﬂ"’f“v. > N (d

F __/-‘; 2 /
- Do it againl Try to go faster! - E;_;R i’f { N2 |

Children structure their fingers in 2s (using doubles, 4 and 4 is 8) or

they structure thier fingers in 5s (3 and 5 is 8).

Children can use two hands to find Who has more? and Who has less?
Children can match-one-to-one to compare and find How many more? and How many less?
All of these games - with two hands - use conceptual subitising.

1-2-3 VEZA: COMPARE!
- You and your child put both hands behind your back.
- Together with your child say, “I, 2, 3, Vezal”
- Show fingers on one or two hands. Compare.
- You say, “I have 8 fingers, you have 6.
8 is 2 more than 6!
+ Your child says, “I have 6 fingers, you have 8.
6 is 2 less than 8/
- When your child is ready, let your child start!




UMTHAMO 2.2: SUBITISING

How many dots?

00000 00000 f | ~
00000 00000 |see groue of 10

then 31, 32, 33, 34.
So, 34 dots.

S<--Activity for learners

i

00000

00000 ) ©00O0 \A

This child uses conceptual subitising (for the 3 groups of tens, and the 4 ones). They skip count
in tens (the medium number song) and then switch to count in ones (the small number song).

@ Conceptual subitising using multiplication

This drawing is done by a child.
A teacher would show ‘10’ and not draw 10 ones

4

(M)

b~

= How many dots?

=

S cooo0e) (ocoooe

- 00000 00000

e

S 5 tens are 50.
"; 0000 00000 2 threes are 6.
< 00000 00000 S0 56.

00000 ) 00O
0000 ) 000

The child uses conceptual subisiting with place value and multiplication
10 repeated 5 times is 50. (10 x 5 = 50)

3 repeated 2 times is 6. (3 x 2 =6)

50+6 =56

So it it 56.

MATHS 4 PRIMARY TEACHERS PRACTICE WORKBOOK
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=@ Number pictures

@ Number pictures that are structured into 1s, 10s and 100s

Children need to structure collections of discrete objects. When working with concrete materials
they should arrange the objects into groups. When drawing, they slowly learn to structure bigger
groups of objects using the base-ten place value system.

It is helpful to have a mental picture of the time it usually takes for children to structure numbers
and work with number pictures.

Diagram: A learning trajectory for number pictures

= Grade R =~ Grade 1- JEXCICCREN = Grade 2- EXCIE-LEWEAM =~ Grade 3

Hundreds,
tens and
ones

Ten as
1 group of
10 ones

Ten as -888 8

2 fives
00

100

of ones

Number pictures use the base-ten place value system.

A one is a small circle.

A ten is big circles with 10 written inside.

A hundred is a square with 100 written inside.

Children need to fluent with bonds of 10. They re-order calculations to find the 10s.

As teachers we ALWAYS draw by structuring in 100s, 10s and 1s.
Children will start drawing with 1s.
But, as teachers, we help children to structure in 100s, 10s and 1s.

Find the 5. Then add. Draw a line to find each 5.
~— 5
1+3+4= 4+2+1= 2+3+3=
2+3+4= 4+10+1= 1+2+4=

UNIT 2: COUNTING THE PATHWAY



/ Tasks: Conceptual understanding Emergent ﬁ

number sense

Subitising is quickly seeing
/ Task 2.21 What is subitizing? how many there are without
counting.

. . ee . . Perceptual subitising is for small
Kitso Maragelo has studied subitising in South Africa. Her work focuses | groups of discrete objects (less

on ECD practitioners. She would like teachers to use children’s subi- | than5)
tising skills rather than always asking children to count. Children don’t | ©onceptual subitising is for
. . bigger groups of discrete
need to always start at one and count in ones. They can quickly see | gpiacts more than 5)
how many there are, without counting. Children can subitise
before they can count.
Reading 2
Maragelo (2021) A literature on subitising in mathematics: A South Afri-
can perspective
in Z. Jojo & M. Du Plooy (Eds) Proceedings of the 26th Annual National Congress of the As-
sociation for Mathematics Education of South Africa, 14th— 16th July 2021, Muckleneuk Cam-
pus, University of South Africa: Pretoria. pp. 502 — 512. ISBN: 978-0-620-94779-4

What is subitizing?

The word subitizing was first coined by researchers during the 1940s, who defined the concept
as the fast and highly accurate way of quantifying collections of up to six items or less, without
having to count each item (Kaufman Lord, Reese, & Volkmann, 1949; Taves, 1941). Derived from a
Latin word meaning suddenly, subitizing is the direct perceptual apprehension and identification
of the numerosity of a small group of items (Clements & Sarama, 2009).

There are two prominent types of subitizing: perceptual and conceptual subitizing (Clements &
Sarama, 2014).

Perceptual subitising is instantly recognizing and naming quantities without counting.
Perceptual subitizing is viewed as an innate ability to discriminate quantities and emerges
among young children as early as three to five months of age (Clements & Sarama, 2009;
MacDonald & Wilkins, 2015). For example, when a child looks at three apples, the child will
intuitively know there are three apples without counting or using any mathematical strategies
(Clements 1999).

A typical activity that can be used to encourage perceptual
subitizing is using a flashcard with three dots and briefly showing . .
the kids and place it face down, and then invite the children to

say how many dots they saw. The figure below is an example of a .
dot card for perceptual subitizing

Conceptual subitizing combines perceptually subitized

quantities to determine the total sum. Conceptual subitizing is

applying the perceptual subitizing processes repeatedly and quickly uniting the numbers (Trick

& Pylyshyn, 1994). Children with the ability to conceptually subitize, group the number of items

to count. For example, when presented with seven objects, they will see a group of five and just

count the other two to get a seven (Feza, 2015).

A typical conceptual subitizing task will be flashing a dot card for

few seconds and asking the children how many dots they saw and

. . how did they see it. Figure 2 below is an example of a dot card
. used to develop conceptual subitizing in children.

. Developing young children’s conceptual subitizing helps children
to begin to see part-whole strategies. Children can also see that 5
is made up of groupings of 3 and 2.

MATHS 4 PRIMARY TEACHERS PRACTICE WORKBOOK



6.

7.

Who wrote this article on subisiting?
When was the article published?

What is the title of the journal article?

Where was the article published (in which journal or conference proceedings)?

Explain the concept of perceptual subisiting.

Using your own words, explain what conceptual subitising is.

Maragelo (2019) explains that conceptual subitising is

Draw an example where a child can use conceptual subitizing.

Number talk: How many dots?



/ Task 2.2.2 Designing subitising tasks for children

1. How many different ways can you see how many dots there

are in total?

Mathematical acting
and thinking

Express and imagine discrete objects
and events in many different ways

A metaphor for discrete objects is a
container (tomatoes on plates)

Smaller numbers are contained with
bigger numbers — they form
nested sets

7=1+3+3

Notice that the structure of the picture, stays the same.
Each picture has 7 dots. The structure is preserved. What changes is how the elements (or units) are arranged

or grouped.

@ MATHS 4 PRIMARY TEACHERS PRACTICE WORKBOOK



The South African Numeracy Chair project has produced a guide for grade R teachers on
subisiting. Here is an extract from their guide:

In this handbook, we refer to regular and alternate dot patterns.

Regular dot patterns, especially from 1 to 6, are the easiest to recognise. These are those most
commonly seen on dice, dominoes and playing cards.

Alternate dot patterns work with other dot arrangements and are intended to help the learners to ‘'see’

patterns in different configurations. This is because different arrangements of dofs lead to different
decompositions of that number.

For example, here 6 dots can be seen in different ways:

Seenas 2, 2and 2

Seenas5and |

Seenas3and 3

Seenas 4 and 2

Source: Rhodes University South African Numeracy Chair (SANC)

https://www.ru.ac.za/media/rhodesuniversity/content/sanc/documents/Early_ Number_Fun_Pro-

gramme_-_session_seven_handbook.pdf

2. Write how you see these dots. You can circle to show your groups.

5=2and 3

UNIT 2: COUNTING THE PATHWAY @



/ Tasks: Fluencies and structuring (in 2s, 9s and 10s)

Structurin

g

9

representations

/ Task 2.2.3 Fill up a ten frame :
N Number pict

ures: Using

a ten-frame

We can structure numbers by filling up a ten frame. This helps children to
work with the base-ten place value. As children can subitise up to five, we e
use a ten-frame to picture numbers. Here is a ten-frame showing 6. ane ==

Number pictures:
Structuring by 28

To structure in 5s, we make groups of | To structure in 2s, we make groups of 2.
5. Each row has space for 5 dots. Each column has space for 2 dots.

Start on the left and fill up the top row [ Start on the left and fill in pairs — one on the
then the bottom row. top, one of the bottom.

1. Structurein 2s

ng .} She dways organises scones in 5s and 10s!

Zibalo loves to bake. She bakes scones to sell. She
ALWAYS bakes scones in rows of 5 or columns of 2

NEEEIE
ooolo

BB 858 0D «E

2. Structure in bs
He|P Zibalo P|cce scones on baking tr*ags. Organise each tr*aH
into rows of 5. Do not P|C|ce more than |0 on one t,rc:t.J!

S G|

N
o
T
L/
T

~— 1
)

(
Iﬂ

Nl

Children will start drawing with 1s.
As teachers we ALWAYS draw by structuring in 100s, 10s and 1s

@ MATHS 4 PRIMARY TEACHERS PRACTICE WORKBOOK
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1,2,3 draw! (Structure by 5s)

3. Draw using 1s, 10s and 100s

Draw the numbers.

& Game

.I_ : --'_'."'_'. \\\\

Zibalo just baked more scones.
" Help her draw the numbers.

21\ Q0000 Q0000 o)
00000 Q0000

13

53

153

653

As teachers we ALWAYS structure in 100s, 10s and 1s
e For 10, draw a circle and write 10 inside it.
e For 100, draw a square and write 100 inside it.

UNIT 2: COUNTING THE PATHWAY @



/ Task 2.2.4 Investigate crayons in boxes

Crayons are discrete objects. They are not structured. We can structure
them into boxes.
There are 10 crayons in each box.

1.
First specialise. How many crayons for particular numbers of boxes.

Mathematical ﬁ

acting and thinking

First choose a unit (1 crayon and
1box). Then repeat that unit to
count how many there are.
Connect skip counting in 10s to
multiplication by 10.

Generalise: Every box has ...
crayons

B (MROD  BAL (HAD A (A AL HMDD  BAL (HID
L T[S 1S Y V1%

L T T )
LY WL LD I 1111 ER 18 4 1T CAS N T 1€

HDW IT'IC“'IB IDD)(ES? HGW H‘ICIHH CI‘GBOHS?
| Ecx: |0 cr"uHons. |0 ¥ | = |0
2 bt}xas: cr‘anns. |0' b 4 2 -
3 bnxes: cr‘uchs. |0 X 3 =
.EL boxes: cvuﬂuns. |0 x f; -

different math functions.

This is a friend of Zibalo called, Function. He is a Maths Robot.
His friends call him Funky. He can be programmed to produce

Next organise (use a function machine) to look for a pattern.

INPUT m OUTPUT

— A furiction is special kind of
—_— relationship in mathematics: For

only one output.

Boxes Crayons

1 10

2 20

3

4

S S each input there is
10 _
20

An example of a function is
add two: input + 2 = output.
Another example of a function
is double: input x 2 = output.




PrimTEd MAT3
Reason mathematically.

3. | have “a number” of full boxes of crayons. Functional thinking
Explain how | can work out how many crayons | have.

Now generalise

- Express the relationship
between crayons and boxes .

4. | have 35 crayons. How many boxes do | need? (Specialise again for a particular case)

5. Ifthere are 120 crayons, how many boxes do | need? (Specialise for this particular case)

6. Write a rule that relates the number of crayons to the number of boxes (Generalise):

No. of crayons =
C =
C =

7. | have “some” crayons. Explain how | can work out how many boxes | need? (Generalise):

8. |have some crayons. | pack them into 5 boxes. The 5" box is only half full. How many crayons
do | have? (Specialise)

UNIT 2: COUNTING THE PATHWAY @




/ Task 2.2.5: Two minute tango

o)
(o)}
&
-
)
)

‘::-s _ +2=10 100-80=____
% __+20=100 100- =40
|E 10-6=_____ 10-______=4
e~
i 100-60=_____ — +7=10
@ 8+______ =100 20+ =100
100-8=_____ ____ +200=1000
100-3=_____ 3+ =10
100-30=_____ 13+__ =20
—____+20=100
__ +80=100

Bonds of 10

4 + 6 =10. 4 and 6 are best friends. Together they add up to make a full baking tray of 10 scones.
You can use your bonds of 10 for many other calculations.
e If4+6=10,then40+60=100
e I[f4+6=10,then 400 + 600 =1000, etc.
If you know that 4 + 6 =10, then you can visit the next multiple of ten:
e If4+6=10,then14+6=10+10=20

e |f4+6=10,then24+6=20+10=30
If 4+ 6 =10, then 34 + 6 =30 + 10 = 40, etc.
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SUMMARY

Explain the difference between conceptual and perceptual subitising and
give examples.

Give an example of a mistake that you made, and what you learnt from it.
What concepts to do you think you will be tested on in Quiz 2.27?

Design some questions which you think will be asked in the mental fluencies

section of Quiz 2.2?

UNIT 2: COUNTING THE PATHWAY



UMTHAMO 2.3

Counting songs

Remember the key ideas in unit 2 were:
1. Following the counting pathway to learn about numbers, children count discrete objects
or discrete events.
2. Children learn to ‘count with meaning’ by moving along a counting trajectory.
3. Children firstlearn to countin 1s. But to understand number names beyond ten, they need
to count and structure in 1s, 10s and 100s. They also count and structure in 2s and 5s.

Introduction

The key ideas in umthamo 2.3 are:

1. Stage 3 of the counting trajectory is learning the small number song (in 1s)

2. The number song is different depending on the language used. The numer names in
some languages are more transparent and regular that other languages.

3. In Stage 4 of the counting trajectory children realise that no matter where they start
when counting a set, they get the same amount (order does not matter). They touch each
object as they say each word of the small counting song.

4. Maths does not make sense if your only mental picture is counting and structuring in
ones. You need to count and structure in 1s,10s and 100s.

There is a counting trajectory of different stages which children follow when learning to count.

Umthamo 2.1 Umthamo 2.2
Discrete quantities Subitising

Counting songs (1s,10s,100s): Abstraction and cardinality

1—F
Umthamo 2.3 Umthamo 2.4
(stable order and order irrelevance)

One to one Approximate Stable order Order irrelevance TS ) Cardinality
[l CE GG ED T number system

Choose the Subitising Counting Choose Represent in

counting unit s0Ngs: anywhere to different ways 6 Matchi
Repeat that Small, start atching

one counting

5 word to each
Five-ness: object in a
Realising collection to

unit medium, large

X ‘Five" can

* that it refer to count: How

‘3 doesnt 5 spoons, many? The
Learning matter 5 counters, last number

the number where you 5 fingers, named, is

Comparing names and start, you efc how many

collections sequencing must just there are.

to see them in touch and “There are

Matching which has order

more and
which has

fewer N Lr3' o O Wy
A .
{ f

objects one

count each Cg/ ) 5
\_ one. ) MU % N

In this umthamo we focus on learning the number song. When children start to match each number
word to a particular discrete object or event, they then apply the order irrelevance principle.
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=@ The number song

@ Stage 3: Learn the number song — stable order

Children have reached stage 3 of the counting trajectory when they can apply the:

Stable order principle: Children know the small number song. Number names are always
arranged in the same fixed order, e.g. one is followed by two, two is followed by three, three is
followed by four, and so on.

To count in 1s with meaning, children need to;
e Know the number song (say the number words in sequence) starting at 1 (like a
rhyme or a song).
e Match the number word with each action or object. This is one-to one
correspondence.
e Know that the last number name that they say, is how many there are in the
collection (cardinality of the collection).

How many bottles?

Count the bottles

How many are there?

There are
three bottles.

Some children will not match each word to each bottle. They might say “one-two-three-four”,
but they don’t match each number word to each bottle. They know the forward counting song
in ones, but they have not yet matched each number word to each object. Touching each bottle,
and saying each word may assist.

Some children will match each word to each bottle. They might say “one-two-three”. But when
you ask them: So, how many bottle are there? They start counting again from one. They say “one-
two-three” again. This child does not yet know that the last number they say, is the number of
the set of bottles. To see if they can apply the cardinality principle for four, you can also ask them:
Show me 4 claps, or click 4 times or fetch me 4 pencils.

If a child cannot do this for four, then try the same activity for smaller numbers. They develop the
cardinality for sets of 1,2 and 3 objects and events, before they develop their sense of cardinality
for bigger numbers.

UNIT 2: COUNTING THE PATHWAY



UMTHAMO 2.3: COUNTING SONGS

@ Stage 4: Match the number word to each object — order irrelevance

By the time children reach stage 4, they can classify and sort to choose what they count. They
can match objects one-to-one (stage 1). They can tell you which group has more, and which has
less. They know when two small groups are not the same (stage 2). They know the number song
(possibly in more than one language) (stage 3), and they say the number words for the number
song in order — forwards and backwards.

At stage 4 they now connect one-to-one matching with the number song. The say each number
word as they touch each object AND, they realise that the order that they use to touch each
object does not matter.

At first children don’t structure groups of objects. Counting is then more difficult as they lose track
of which objects they have touched and counted. They may count an object twice. They may
miss out an object and not count it.

With help. children start to arrange objects into patterns so they can keep track of which
objects they have counted. They may arrange the concrete counters in a long line (vertically or
horizontally).

Diagram: From unstructured to arranging in lines or patterns

Unstructured ooo%o Its hard to count these.
Can you arrange them to make it easier to count?

How many?
Arrange
in a line
Horizontally @ 2 3 4 5 6 7
or vertically  If I start counting from the left

O o (0) O (o} o o

How many?

(0) (¢} O (0} (0) (0) O

then, | always
7 6 5 4 3 2 ’
or @ get the same

if | start counting from the right, amount.

When children realise that it does not matter which side they start to count from (left or right, top
or bottom), they apply the order irrelevance principle. They know that however they arrange the
objects, they will always get the same amount.

Order-irrelevance principle: The order of counting the objects in a collection does not matter.
Children need to understand that however we arrange the objects, the total number of objects in
the collection remains the same.

@ The number song is different depending on the language used.

Children must learn to say the small number song (counting in 1s) forwards and backwards.
When they get to school they start to write the numbers words (eg “two”) and number symbols

(eg. 2).
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=@ Number songs in different languages

To write all numbers we only need 10 number symbols:
1;2;3;4;5;6;7,;8;9and0.
But, to say all numbers, we don’t only use 10 number words.

In most South African classrooms the number song is learnt in two languages: a home language
(like isiXhosa) and English.

Depending on the language we speak, we can have far more than ten words. We also have
different ways of combining the words to denote the counting unit, and rules for how we say
numbers that are bigger than ten.

Count the objects in the picture. Trace the number names

Four

EJ Ca.ntlhodjﬂ:ki\ﬁw picturs. Traos the number name.
) A\

Tour cats

| £
four ants

S<--Activity for learners

.AO ur |eoves

C)' ir L'JUSS

Source: DBE rainbow book Grade 1

Notice that the English children write: four, four, four, four.

In English the number words always stay the same. It does not matter what unit you are counting.
If there are 4 things, you always say and write: four

Bala izinto ezisemfanekisweni. Khupela igama lenani

5 Zine
% 1%

& | Tikati ezire

! Iimbovane ezire

e
(]
=
i
S
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b
(=]
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>
e
=
—
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Amogqabl amarie
= M Tincukuthu ezire

Source: DBE rainbow book Grade 1

In isiXhosa, the number words change. Which number word you use, depends on what unit you
are counting. What you write, and say, depends on the noun class of the objects you are count-

ing. If there are 4, you could write zine or ezine of amane.
UNIT 2: COUNTING THE PATHWAY



UMTHAMO 2.3: COUNTING SONGS

Children first learn the small counting song (forwards and backwards) in ones.

1:;2;3;4:;5

By changing the counting unit they can count anything. They choose the what to count (this is
the counting unit). They can count chickens, or pens, or people or fingers, etc. The counting units

can be a group.

The counting unit for the medium counting song is a group of one ten (tens).
1ten; 2 tens; 3 tens; 4 tens; 5 tens

The counting unit for the large counting song is a group of one hundred (hundreds).
1 hundred ; 2 hundreds ; 3 hundreds; 4 hundreds ; 5 hundreds

@ SOME IDEAS FOR YOUR CLASSROOM

Making tens (structure within 1 ten)

The bonds of ten are key facts which children should know fluently. If children learn the bonds of

10, they can use them for many different calculations:

e 7+3=10
e 70+30+100
e 27+3=30, etc.

Structure in 10s

Structuring builds on our ability to
subitise.

e Once children are secure
counting in 1s, they start
counting in 2s, 5s and 10s

e When children circle
ten dots to make a set
of 1ten, they use the
idea of discrete
objects contained
in a set

e
(%)
=
-
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=
b
o
S
>
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2
—
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j
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e Bonds of 10 make a full tray
of ten scones. 14 +__ =20
14 is 1 full tray and 4 scones.
So | need 6 scones to fill the
second tray. Bonds of 10 fill
up the ten frame.

Source: Porteus, et al. (2021) Magic Classroom Collective learner workbook,

The two numbers that come together fo
make 0 are BEST FRIENDS FOREVER.
Help us find the BFFs!

NS

GAME OF THE WEEK: {!’{#‘t%
Find the BEST FRIEND '

Complete 10
+ Roll a dice. /,;} -

\
- fj\ Y) "Il
- What is the number’s BEST FRIEND? R 'j““— 79|

+ Keep goingl Faster!

Nelson Mandela Institute
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wn@® Structure in tens

1,2,3 Draw!

[N
s
S Children will start
> Draw 12 drawing in 1s.
As teachers, we
So | can quickly see. help
them to draw
quickly by
structuring
Draw 32 in 100s, 10s and 1s
So | can quickly see. 00
$ Counting forwards and backwards in 10s
S
¢ -
> . H Q:.‘
Game 1. Counting <A
COUNT FORWARDS IN 10s ey 4‘\:\
7 A
- Count FORWARDS in I0s past 200. @\,\,j 0\ PUnTEdINAT
- Start at any number from O to 10, | X N
~ f /N){’?_? Emergent number awareness
3,13, 23, 33,43, 53, 63, 73, 83, 93, 103, 113, | /| ,\(.,ri&‘ﬂ 14 Distinguish between lists of
123, 133, M43, 153, 163, 173, 183, 193, 203 SN e R
i sequences of number words,

sequences of numerals

Game I COIlﬂtillg and counting proper.

COUNT BACKWARDS IN 10s
- Count BACKWARDS in [0s from 2I0.

\L/_l\ j'); , { =58 Start at any number from 200 to 2I0.
31 5@;_-/‘- 206, 196, 186, 176, 166, 156, 146, 136,
= ’| ( 126, 1I6, 106, 96, 86, 76, 66, 56, 46,
(0 /) 36, 26,16, 6

E ComP|et.e the fol |owin9 Pa‘bter*ns:

;é Medium song (forwards)
e

q:_. 65 75 85 Small song (forwards)
x

'% |35 136 |37 Medium song (baCk'

< wards)

‘x’ 92 82
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/ Tasks: Conceptual understanding ﬁ
N Emergent

number sense

# Task 2.31 Learning the number song in English and an Chftélzen st Sl e Siell nlmoes
: R R song (in 1s) forward and backwards,
African language (transparency and regularity). and in more than one language

Children apply the stable order
Multi-lingual children take longer to learn the counting songs. They have | principle of the counting

to make 5 associations to count with meaning, and these differ in three | trajectony.
different languages: English, isiXhosa and Sesotho.

Stimulus English isiXhosa |Sesotho
A visual stimulus depicting a E) 6 b &) &)
number of objects. é 6 é 6 E}
This could be imagined from
situation or a story problem, E) E.l) E—) & E)
or shown visually as concrete E) %) E) E) E)
objects, iconic pictures of a
set of objects, or a more E) 6 b
indexical depiction of the
objects.
h .| ma-sho-me
- : a-ma-shu-mi :
A chain of sounds which twen-ty- iR -a-ma-be-li- A number naming
makes up the number word | three a-me-tso-e- Sy [ L R R U el
a-nan-ta-thu creating big numbers are consistent
me-ra-ro (there are no exceptions). A number
naming system is transparent if you
= = can hear the counting units (in tens
The 10-wise place value 2 tens and 3 units and hundreds)
structure implicit in the (Transparent in number words for
number name, number isiXhosa and Sesotho, but not
symbol transparent for English)
The number name written R— mashome a
using letters of the alphabet | Twenty- amabini mabeli a
and pronounced using a three Eiave metso e
chain of sounds. meraro
A multi-digit number symbol
making use of only 10 digits 23
,1,2..,8,9)
If English was regular, If English was transparent,

we would say: we would say:

One-ty one; One-ten and one
One-ty two; One-ten and two;
One-ty three; One-ten and three;
One-ty four; ... One-ten and four; ...
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Transparency and regularity

Number names are transparent if we name the counting units. The counting unit is usually ‘tens’.
In English, the number names are NOT transparent (we do not say counting units- which is ‘tens’).
11=1ten-and-1= ‘eleven’

12 =1ten-and-2 = ‘twelve’

13 = 1ten-and-3 = ‘thirteen’

23 = 2 tens-and-3 = ‘twen-ty-three’

This makes learning the counting song in ones for English, more difficult.

In isiXhosa, the number names for numbers bigger than ten are transparent (we say the counting
units, which is ‘ishumi’).

11 = lishumi elinanye = lishumi elinanye

12 = ishumi unya bini = lishumi elinesbini

13 = ishumi elinesithathu = lishumi elinesithathu

This makes learning the counting song in ones in isiXhosa easier. Be sure to pronounce each
syllable and make the tens structure explicit.

Number names are regular if the rules for creating numbers bigger than ten are consistent.
Transparency and regularity are important for teaching in multilingual classrooms in South Africa.

In urban contexts you will probably have children in your class who do not have the same language
as you. When they tell you how to count in their language, you should think about regularity and
transparency.

The extract below discussed transparency and regularity of number names in English and
in isXhosa

Reading 4

Mostert, I. (2019) Number Names: Do They Count?, African Journal of Research in Mathematics,
Science and Technology Education, 23:1, 64-74, DOI:10.1080/18117295.2019.1589038

To link to this article: https://doi.org/10.1080/18117295.2019.1589038

Transparency

The transparency or explicitness of a number naming system refers to the extent to which spoken
numbers explicitly state the units that are implied in the written place-value system. These units
(ones, tens, hundreds, etc.) are referred to as numeration units (Houdement & Tempier,2015).

The English number naming system s not entirely transparent for numbers 11-99 as the numeration
units for ‘ones’ and ‘tens’ are not stated explicitly. For example, from the name ‘thirty-seven’ it is
not possible to infer that there are 3 tens and 7 ones.

In isiXhosa, when naming numbers bigger than 10, first the tens are qualified (i.e. the number of
tens is given) and then the units are added using the connective concord a-(ana + isixhenxe =
anesixhenxe) which can be translated as ‘with’. For example, thirty-seven is written as:
amashumi amathathu anesixhenxe

tens that are three that are with seven

In this example the three (-thathu) is being used adjectivally to qualify the numerosity of the tens
(@ama-shumi), a plural noun in class 6.

UNIT 2: COUNTING THE PATHWAY



The close link between isiXhosa number names (spoken numbers) and the written place-value
system (written numbers) could be leveraged to help children understand the conventions of
the place-value system. However, observations of isiXhosa teachers confirm the observations of
Sepedi teachers made by, namely that teachers do not generally make use of this linguistic feature
of African languages.

One way in which this feature could be leveraged, as is done in Chinese mathematics education,
is to use the idea that adding two things of the same unit gives an answer of the same unit, e.g.

5 dogs and 2 dogs are the same as 7 dogs.

5 tens and 2 tens are the same as 7 tens

(Sun & Bartolini Bussi,2018).

[insert: Notice the counting units change, but the numbers stay the same]

In English this kind of leveraging is not possible for tens (as, say, two tens is spoken as ‘twenty’)
but is possible for hundreds (e.g. five hundreds and two hundreds is the same as seven hundreds)

Regularity

A number naming system is regular to the extent that the same ‘rules’ are used to name all
numbers bigger than 10 (for a base-10 number system). Transparent number naming systems
such as those discussed in the previous section (Chinese, Japanese, Korean) are typically also
completely regular(which might explain why the terms transparent and regular are often used
interchangeably). It is, however, possible for an opaque number naming system to be (partly)
regular. For example number names in French for the numbers 80-99 are not transparent (the
number of tens is not stated explicitly) but they are regular (the same rules are used to determine
the names of numbers).English, which is partly opaque (see previous section), also contains a
number of irregularities due to influences of Old Saxon on the names eleven and twelve, as well as
due to phonemic modifications as listed by Mark and Dowker (2015):

An analysis of isiXhosa number names reveals a number of irregularities such as the difference
between

five (zintlanu) and fifteen (ishumi elinesihlanu)

and between

fourteen (ishumi elinesine) and twenty-four (amashumi amabini anesine).

However, a closer look at isiXhosa grammar rules reveals that all these apparent irregularities
are instances of changes that occur as a result of the system of concordial agreement or as a
result of regular phonetic mutations (when two phonemes, occurring next to each other because
of agglutination, influence each other).This difference in the form of the number word used (and
consequently the difference in spelling of related number names) is not emphasised in Grade 2 and
3 texts, even though CAPS states that learners should write number names for 1to 100 in Grade
2 and 1to 1000 in Grade 3 (Department of BasicEducation,2011). Further research is required to
establish to what extent these different forms (and spellings) impact on learner performance and
whether there are significant differences across languages when requiring young learners to write
and correctly spell number names.

Number names: Do they count? A ﬁ
paper about how we name numbers
in isiXhosa and English.

Note

Number names in African
languages are more regular

arent than
Mostert (2019) and more transp

English ’



1. Who wrote this article on number names in isiXhosa and English?

2. When was the article published?

3. What is the title of the journal article?

4. Where was the article published (in which journal or conference proceedings)?

5. Using your own words, explain what a transparent number naming system is.

Mostert (2020) argues that a number naming system is transparent if ...

6. Give an example of a South African language, where the number names are transparent.
Include a few examples of particular number names from this language.

7 How many triqn9|es?

HOW mqna SClUGI"eS?

HOW monH r‘ectan9|es?

How many tr‘ion9|es?

UNIT 2: COUNTING THE PATHWAY



8. Choose the correct underlined words in the next two sentences. Each sentence gives an
example to show if a particular language has transparent number names or not:

For example, English is transparent/ not transparent for numbers bigger than 10, because

the counting unit (“ten”) is /is not said.

However, isiXhosa is transparent/ not transparent for numbers bigger than 10, because

the counting unit (“shumi”) is/is not said.

9. Complete the sentence and give some examples.

A number naming system is regular...

Many number names in English are irregular. For example, ....

10.

Note ﬁ

In academic writ'mg.
(needed for university),

define the concept.
Then you give some

examples to show that you “

understand how the z?\pply
the concept to a particular
situation.

Count backwards in [Os:

When we count BACKWARDS in tens,

we subtract tens.

943

125

846

Medium song (backwards)

MATHS 4 PRIMARY TEACHERS PRACTICE WORKBOOK
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/ Task 2.3.2 Design a number display in your language

A number display is a poster showing different represents of a number.

w000
| ceEEm® ex &8¢

sitha'\dafh\l@@ EEEE

0|

A number display includes

e The number symbol;

e The number name (in English and an African language);
Representations of the number (literal, concrete, iconic, indexical, symbolic).

Design a number display for the number 7 or 8, which is not in English.

PrimTEd GPM3

Engage learners productively

. ... X with mathematics
If you were teaching in isiXhosa and you made a number display for your

classroom, would you write ne, or zine? Why?. Discuss. What happens in
other languages?




/ Tasks: Fluencies and structuring (1s, 10s and 100s)

/ Task 2.3.3: Number pictures with 1s, 10s and 100s

1. Circle the tens

000%0 000%0 ¢

Children will start drawing with 1s.

00909 000%0

000%0 000%0 o

As teachers we help children to circle 10 ones, and then to write 10.

As teachers we ALWAYS draw by struc

00900 000%0 How many 10s?

090%0 000%0 O | How many Is?

00900 000%0 How many |0s?

090%0 000%0 0 | How many Is?

turing in 100s, 10s and 1s

2. Quickly see and write down how many there are:

What is the number?

“l0s" means how many fens?
“ls=* means how many ones?

Cir'c|e the |0'5+ HOW muc!w moneH?

10s: Is:
46
4 6
O0000
O
mm 46 =10+10+10+10 + 6
46 = 40 + 6
10s: Is:
.

®©0®
®®e
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Number pictures: Structuring by
1s, 10s and 100s.



How many 100s? How many 10s? How many Is? " ¢
DI“GW each number. DF‘GW O to Sl‘\OW one. DPGW %

to show ten. Draw

|00

to show 100.

100s? | 10s? | Is?
001001 (10 )(10)
342 00 3| L |2
00
100s? | 10s? | Is?
215
100s? | 10s? | Is?
305

142

I00s? | 10s? | [Is?

Count. forward I'JH 100s:

RWARDS in 1008, large song
“mm%’ﬁ (forwards)

5
23

Count, bockwands by 100s: ™ 8 oe a7 f\ (backward
982
905
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/ Task 2.3.4: Explore and then generalise a hashtag

We can use the medium number song adding or subtracting tens.

10 less.
Let's ADD TENS using a 25y
number chart! LpSpe T |8|9]10 ess | 3L ,35’ 3% | imore
A column is verticall. il Il Bl L B A s
26 (25| 26| 27| 2829230 10 more

and down |

a column. 3,[35(36[37[38]39]40

Wemoveup 7 I

Look at this column. Count down L L2 IS 4 | A5 46 4T 48 | 47 | 50

along this column starting ot 3. 51|52 | 53| 5|55 |56 |57|58]59]60
What hqppens when we jump bl | 62 | 63 | 6L | 65 | 66 | 67 | 68 | 69 | 70
down one row?

What happens when we jump T T2 13| 74| 7576|7778 |79 |80
down fwo rows? 81 |82 |83 |8 858 |87 |88 8|

9N 192 (98| 9, [ 95| % | 97|98 |99 ]|100

Can you see when | move p
downonerow,ladd 0! (

1. Practice adding on 10 each time.

Circle the number on the chart. Write |0 more. Write 20

more.
13 43 21 a5 50 29
L‘ﬁ 10 more
23" | et
-\
33V Omere
charfl

N

Fill in the missing words. We hop in ones. We do bigger jumps (in tens)

Let's Talk Math in English! | ,
Nsesi)(hoso sit hi: In Enghsh we sc:g: ?@i

Ttshathi Humanani Number chart.

Irniqolo isuka ekhohlo iHe ekunene Rows ge from left to

XI‘IUF‘I’\EIO Phc}mblll kq'l. U'I HSGPI'IGZU. HOP FOI"‘WGI"‘d I‘ I more

HSGSBMV’G. U‘l nsop!"\antsi. _bGCkWCIFd. I g 2

Tikholamu zisuka Phezu|u ukuHa ezantsi. Colurmns go from to bottom

EZANTSI umqro|o OPMHE. I'|O

ngaphem. Jump DOWN one row. 10 more.

Teibela PHEZULU umq'o|o omnye. I-10
nsap!\ant.si.

UP one row. |0 less.
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We use the small number song for adding and subtracting in ones.
A row is horizontal. It goes from left to right.

€
Let's SUBTRACT small numbers L [2]|3 |4 |5]6|T|8]9]I0
using a number charttl ||/~l@ Bl s8]0
A \2I [ 2223 ]2 | 25|26 | 27| 28| 29|30
(31| 3233 |3,]35]36[37]38]37]¢0
é LUVVA2 | A3 | L | 45 | L6 | 4T | 48 49 | 50
When we subtract, ﬂ 5152535, 555 | 57585960
numbers get smaller.
When we subtract one, - 6l | 62|63 |6L]65|66|67]68]69]70
we hop backwards one! 772173747576 | 77|78 7980

8l |82 |83|8,|8 |8 |87|8 (89|90
N 192|193 (94|95 |9 | 97|98 |99 |100

3. Make a hash tag. Complete the missing numbers.

PrimTEd NA8

26 Early algebra

NA 8.1 Use the notions of

1:2 structure and generality to
explain the algebraic treatment

of arithmetic

3l

Now generalise. Complete the hashtags

Note ﬁ

n b * In a hashtag we use 2 counting
units. For across (left to right), we
count in ones.For up and down,
we count in tens over, or 1 half.




4. We can use the medium number song for adding tens.

We can add big numbers by breaking down the @
second number: Let's draw number pictures!

9

Ta' Jola drove 45 kilomentres. Then he drove 30 kilometres more. How

many kilometres did he drive q|t09et|'1er?

45km + 30km = 70km

2 55 65 75

~
&
N | write the first number. } N | DRAW the second number.
I put it in my head. 30is 3 tens!
| ADD each [0}

L5+ 20 =

63 +20 =

57+30 =

Put the first number in your head. Count forward by 108!

35+10= 59+30= 31+ 0= 21+50 =
6l + 20 = 38+0= 64 + 30 = 31+ 50 =

MATHS 4 PRIMARY TEACHERS PRACTICE WORKBOOK



5. We can use number pictures and the medium number song for subtracting tens..

We can subtract big numbers by breaking down (@
the second number. Let’'s draw number pictures! -

4

she hqve hOW?

Usenathi had R75. She bought a book for R30. How much Rand does

R75 - R30 = R45

®-®- ©- @

IS}

'3
N | write the first number.
I put it in my head.

q < | DRAW the second number.
30 is 3 tens!
| TAKE AWAY each I0!

63 - 20 =
5/ -30=
87-30=

SCI-I"HE I:IH I:IFEI:ILII'lH CIG-WH 'L-I'ﬂ secnnd I'ILITIL'E.'I"

65 - 30
59 - 20
91 - [0

b5
29
9

0 - 10 -10

39

1l
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# Task 2.3.5: Two minute tango

o
(o)}
&
-
Q
=)

J

Fluencies

Use bonds of 10.
Add to visit the next ten.

3 Subtract to visit the previous ten
= 1 133+——=40 M | 50-10=
g 2 | +3=60 12 |75-2=
= 3 | +7=20 12 | 100- - 90
Ly
.g 4 |64+ =70 14 |9+_______ =100
5 97+ =100 15 | Half of 14 =
6 | ——+9=100 16 | 140 +2=_
7 | 83-3= 17 | Double 90 =
8 |84 -— =80 18 |98 -_ =90
9 |65 - =60 19 ——+2=40 Representations ﬁ
Number lines to visit the next
10116 -— =10 20 | — +9=100 and previous 10 (or multiple of 10).

When adding we use number lines, and visit the next ten.

Zibalo LOVES IO!
When she adds she
7 asks two questions.
What is the next 10?
How far fo the next 10?

6 +_:|O

Next. 10: 20

&l
~ | 1 I I I ! ! ! ! !
0

HOW 'FG re 3

Another mental map or
picture for visiting the
next 10, is filling up the 10
frame. You can ask: How
many to fill up the ten?

If | know that 7 + 3 =10, then | know that
17+3=10+7+3=20

Make connections.ﬁ

If you know one fact (eg a bond of
10), use the medium song to add
10 to both sides, and work out a

new fact (eg. a bond of 20). )




SUMMARY

Explain what is meant by a transparent number naming system. Give examples.
Given an example of where you have used your mathematical power to be able to
imagine and express. Draw a hashtag with 57 in the centre

What concepts to do you think you will be tested on in Quiz 2.3?

What mental fluencies will you be tested in in Quiz 2.3?

What are the key ideas which have learnt so far?

UNIT 2: COUNTING THE PATHWAY



UMTHAMO 2.4

Cardinality and Abstraction
Remember, the key ideas across unit 2 were:
1. Following the counting pathway to learn about numbers, children count discrete objects
or discrete events.
2. Children learn to ‘count with meaning’ by moving along a counting trajectory.
3. Children firstlearn to countin 1s. But to understand number names beyond ten, they need
to count and structure in 1s, 10s and 100s. They also count and structure in 2s and 5s.

Introduction

The key ideas in umthamo 2.3 are:

1. Stage 5 of the counting trajectory is abstraction. Children move between different
representations of a number.

2. In Stage 6 of the counting trajectory is cardinality. Children know that they last number
they name in
the counting song, is how many there are.

3. Maths does not make sense if your only mental picture is counting and structuring in
ones. You need to count and structure in 1s,10s and 100s.

4. You also need to be fluent with structuring and counting in 2s. So there are tasks and
ideas for your classroom which involve:
e The number song in 2s
e (Odd and even numbers
e Doubling and halving
e Investigate a number pattern from counting in 2s. Explore the doubling and halving

functions and express the function using algebra.
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Diagram: A learning trajectory for counting

Umthamo 2.1 Umthamo 2.2
Discrete quantities Subitising

One to one Approximate Stable order Order irrelevance [LUE e o) Cardinality
Laly = DG L T number system

Choose the Subitising Counting Choose Represent in *
counting unit songs: anywhere to different ways 6

o

Umthamo 2.3 w Umthamo 2.4

Counting songs (1s,10s,100s): Abstraction and cardinali
(stable order and order irrelevance) racti ECHIE]

Repeat that Small, start Matching
unit medium, large one counting
5 * word to each
Five-ness: objectin a
Realising “Five” can collection to
that it refer to count: How
3 doesn't 5 spoons, many? The
Leamning matter 5 counters, last number
the number where you 5 fingers, named, is
Comparing names and start, you etc.. how many
collections seguencing must just there are.
to see them in
Matching which has order

more and
which has
fewer

objects one

touch and ™ ‘There are
count each Cé// , 5"
\_ one. ) L % —
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=@ Abstracting

In this umthamo we focus on abstraction and cardinality.

Stage 5: Abstract the number-ness of a number. Know that five can refer to five objects
or five pictures or five events or 5 steps etc.
Stage 6: Know how many there are. Match one counting word to each object in the

collection and realise that the last number named is how many there are in
the set (cardinality).

@ Stage 5: Abstracting

ABSTRACTION principle: Learners understand that even if groups with the same number of ob-
jects look very different (e.g. five grapes, five people, five houses) they have the same numeros-
ity, i.e. fiveness’. They realise that counting can be applied to objects, pictures, colours, shapes,
or even actions or sounds.

Source: Kuhne, et al. (2017) R-Maths Concept Guide

Teachers can see whether children can abstract by offering different sets, and seeing if the child
can see which one does not belong.

Which one doesn’t belong?

O .
OOO ’

H- -7,

In this activity children move between different indexical representations (A, C and D) and the

literal representation (B).
They need to realise that A B and C all represent 6, but that there are only 5 lines in D.

UNIT 2: COUNTING THE PATHWAY




UMTHAMO 2.4: CARDINALITY

Children develop their sense of number sequentially. If | child cannot abstract the concept of 5,
then try with smaller numbers. Show them 3 fingers. Ask them to fetch 3 stones. Then they could
draw 3 dots.

If a child can’t see which set does not belong for 5 objects, then try the same activity but with
only 3 objects.

@ Stage 6: Cardinality

In mathematics, cardinality means the size of a set. The cardinality of a set is how many elements
are in the set. When we think of numbers as being collections of objects which are in a container,
we are using the cardinal meaning of number.

Counting objects and saying how many there are, is also called rational or resultative counting.
This means that objects or events are matched with a number name. To count ‘how many’, learn-
ers need to realise that each object in a collection gets a number name (‘one, two, three, four ...)
and that you count each object only once.

Cardinality principle: The last number word said when counting a collection represents the to-
tal number in the collection. When a child is able to answer: ‘How many are there?’, they have
reached an important counting milestone. They can now count with meaning. They realise that
the last number name that they say in the number song, is also how many there are in the collec-
tion. They have found the cardinality of the set.

‘0> SOME IDEAS FOR YOUR CLASSROOM

Maths does not make sense if your only mental picture is counting and structuring in ones. You
need to count and structure in 1s,10s and 100s, as well as in 2s and 5s

Children move through the 6 stages along the counting trajectory for 1s. Children also build on
their knowledge of counting in 1s and start to:

e Count and structure numbers into 2s and 5s

e Count and structure numbers in 1s, 10s and 100s
Later the counting trajectory is extended as they start to use counting for the four operations (add
& subtract, multiply & divide).

-=@® Counting and structuring in 2s

Remember that structuring is as important as counting. Structuring builds on our ability to
subitise.

Counting in 2s
Once children are secure with the number song in ones, they can learn to count in twos.

They need to realise that counting in twos is saying every second number in the counting song.
The whisper the first number word, then say the second number word loudly.

MATHS 4 PRIMARY TEACHERS PRACTICE WORKBOOK
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=@ Counting and structuring in 2s

Whisper; loud, whisper, loud, whisper, loud, whisper, loud, whisper,
One, TWO, three, FOUR, five, SIX, seven, EIGHT, nine, TEN, ...
1 2 3 4 5 6 7 8 9 10

Then learners need to stop whispering and just pause:
pause 2 pause 4 pause 6 pause 8 pause 10 pause 12 pause,...

They learn the counting in 2s song:
Starting at 2: 2, 4, 6, 8,10, 12, 14, ... and
Starting at1:1,3,5,7,9, 11,13, ...

PrimTEd NA1

Emergent number
EVEICHESS

Demonstrate awareness of the
learning trajectories in
counting.

Just as with counting in ones with meaning, children then need to match their counting in 2s
song with pairs of discrete objects (cardinal meaning), or as jumps along a number line (ordinal

meaning).

Structuring in 2s

Give children situations that involve pairs or jumping in twos to practicing matching each word to

each pair or jump of 2.

Counting in 2s ...
How many socks are shown?

It is more efficient to count
in 2s than to count in ones.
The same counting prin-
ciples apply, but now the
counting song in twos is
used.

e Say a “counting in 2s” number song

e Match each word in the counting in 2s number song to one pair of socks (one to one

correspondence)

o Notice where they start and end (so they don’t count the same pair of socks twice)
e Know that the last number they say in the counting song is how many socks are in

the set (cardinality).

UNIT 2: COUNTING THE PATHWAY



UMTHAMO 2.4: CARDINALITY

=@ A doubling function

Once children can fluently count in twos forwards and backwards, they can link this to doubling.
To double, you choose a number and repeat it. You take 2 groups of that number. The idea of a
mirror line, or line of symmetry can help children picture what happens when you double.

Start with small numbers (less than 5), then increase the size of the numbers for children to prac-
tice doubling. Notice that numbers bigger than ten a structured in 10s. the number picture shows
groups of tens — and not ones.

GAME OF THE WEEK:
Double!

- Draw a line as a magic mirror.

- Your teacher will call a number (O to 100)

- Draw the number on the left of the mirror
* Draw the number on the right of the mirror.
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7| Draw aline!

| Pretend that it is a magic
4 mirror! Draw double!

Double 12 Double 32

.-*
’

()]G

®
@
O 00 00
@

Q0 @D
Double £ is __8 Deuble 12 _ 24 Double 32 is _ 64
L+ L = ___ 2 + 12 = _24L 32 + 32 = _ 6L

There are two s in 8. There are two |Z2s in 2. There are two 37s in 64.

Once children have a written method or picture for doubling, they can practice doubling mentally.

MATHS 4 PRIMARY TEACHERS PRACTICE WORKBOOK
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w=@® Doubling as a x2 function

GAME OF THE WEEK:
Fast Maths with Cards

DOUBLE

+ Place number cards O to S in a pile.
Mix them up.
- Flip over one card.

- DOUBLE!

* Do it againl Faster!

When you get very fast, add number cards €
foI0. Then addllto 15! Can you get up fo 20?

If children can double, you can help them think about a doubling function.

@ Doubling as a x2 function

{1\ Thls is a friend of Zibdlo cadlled, Function. He is a Maths Robot.

> His friends call him Funky. He can be programmed to produce
different math functions.

Functlon is now Pr'osr'-cmmed to mu|tiP|3 2s. When you Put a3into
Funl(H, it Produces 6! What, will thPen when we Put each of these

numbers into Fun|(37

Children can play: | am thinking of a number.

| am thinking of a number...Double my number is 6. What’s my number?
| am thinking of a number...Double my number is 10. What’'s my number?
| am thinking of a number...Double my number is 4. What’s my number?
| am thinking of a number...Double my number is 12. What’s my number?

UNIT 2: COUNTING THE PATHWAY
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They are then ready to play: What’s my function.

OUTPUT

| have been programmed to be a function (like funky). Every time you give me a number
(an input), | change that number in the same way.

e If the inputis 2, then the output is 4

e If the input is 6, then the output is 12, etc

You can ask children to give you any input. You double it to give the output.

@ The inverse function of doubling is halving.

Sharing between two children is the same as dividing by 21
We say, "0 hlula ka 2 ngu-3." We write 10 + 2 =5, Half of 10 s 3!

& Game

: Some things connot be
' cut in half. Whan we
g share, sometimes we

have some left over.

Q@0 | share 5 marbles equally
@ o between 2 chidren. Each

Share eqruc|| |_LJ between 2 chidren. How many does each child

receive?

n I share
f e

|0 ©|0
e o ©|0
e 0 @0
e o 0|0

(0]

15 15
515 515
|0 ©|0
© 0 |0

0]

Q 9+2= Land | hdf
@ 9+ 2= [ and one left. over

Note ﬁ

Halving is the same as
sharing equally between 2.
There are two ways to halve
an odd number.

Depending on what we

are halving we get 1 left
over, or 1 half.




/ Tasks: Conceptual understanding

/ Task 2.4.1: Cardinality for ‘counting with meaning’

A teacher wants to see whether her grade R children can count with meaning (rational counting).
She wants to see if they can apply the cardinality principle.

She puts some counters onto the mat (or desk):

Prudence starts at a grey circle. She counts: 1, ,2 ,3 ,4,5, 6, and carries on going round the
circle...7, 8, 9, 10.

Chantal starts at the black circle.
She counts: 1, 2, 3, 4, 5, 6 as she touches each circle.
When the teacher asks: “So how many are there?” She says: “6”.

Evan starts at the black circle.
He counts 1, 2, 3, 4, 5, 6 as he touches each circle. He stops.
Then he starts at the white circle and counts again, matching each word to each circle 1, 2, 3,4, 5, 6.

Faith touches the black circle. She says: 1.
She touches the white circle. She says: 2,3.
She touches each grey circle. She says: 4, 5,... 6, 7, 8.,... 9, ...10.

1.  Which child does NOT YET apply the order irrelevance principle?

a. Prudence
b. Chantal
C. Evan

d. Faith

2. Which child does NOT YET apply the one-to-one correspondence principle?

a. Prudence
b. Chantal
C. Evan

d. Faith

3. Which child clearly shows they can apply the cardinality principle?

a. Prudence
b. Chantal
C. Evan

d. Faith

UNIT 2: COUNTING THE PATHWAY



# Task 2.4.2: Investigate bicycles and wheels.

This investigation uses the ideas discussed to far in this course: discrete

objects, choosing a counting unit, repeating that unit to count with meaning.

But it goes further — building on what is expected in patterns, functions and
algebra, CAPS — to explore a structured relationship between two different
counting units (bicycles and wheels).

What is the relationship between bicycles and wheels? Can we describe
and quantify the relationship?

e If we know how many bicycles can we work out how many wheels?
e |f we know how many wheels, can we work out how many bicycles?

Mathematical ﬁ

acting and thinking

Early

e How be we get from the number of bicycles to the number of bicycles?

What is the function?

algebra

Generalise: A bicycle always
has ... wheels

Connect counting in twos to
doubling

Functional thinking for doubling
(x 2) and halving (+ 2)

Express the relationship
between bicycles and

wheels as an equation.

1. Bicycles are discrete objects. A bicycle is structured: Each bicycle has 2 wheels.

First specialise, by working with particular cases. Then organise (in a table of function machine)

to look for a pattern.

% % How many bicsdes?

SO SO B¥ B GO GO BV WO GO YO

bicycle | | 2 | 3| 4L | 5] 6| T8 9 110
wheels | 2 L
3 bicscles, how many wheels? 6 bicacles, how many wheels?
5 bic‘tjc|es, I"IOW man!j WI"IGG'S? |0 bic3c|es, hOW mans whee|s?
2. | count 20 bicycles. How many wheels?
3. Ifthere are:
100 bicycles, how many wheels?
1000 bicycles, how many wheels?
10 000 bicycles, how many wheels? Note

J

This is an example of exploring a
mathematical function.

MATHS 4 PRIMARY TEACHERS PRACTICE WORKBOOK




Mathematical ﬁ

acting and thinking

Connect shape patterns to
number patterns.
/ Task 2.4.3 Investigation — Grey and white tiles Functional thinking for an
} increasing pattern.
. Generalise: For every grey tile
(Adapted from Jooste, et al. (2012). Study & Master Mathematics. Cam- | ihere are .. white tiles
bridge University Press.) Express the relationship
grey and white tiles as
an equation.

Explore the arrangement of the grey and white tiles in this tiling pattern.

1. Draw the next arrangement in the pattern.

2. We can represent the number of tiles in a function machine as below.

grey | function > white

3
4 PrmTEd MAT1

Reason mathematically

specialise -generalise -
conjecture - justify/refute
- prove

[T el
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3. Complete the number of white tiles in the function machine. What if there are 5 grey tiles?
Or 10?7 Or 1007

4. How do you calculate the number of white tiles if you know the number of grey tiles?

5. Whatis the rule to calculate the number of white tiles if you have any number (n) of grey
tiles?

6. How do you calculate the number of grey tiles if the number of white tiles are given?

7. What is the rule to calculate the number of grey tiles if you have any number (m)
of white tiles?

8. What you have learnt about the relationships between the tiles and numbers.

MATHS 4 PRIMARY TEACHERS PRACTICE WORKBOOK



/ Tasks: Fluencies and structuring (2s, doubling and halving)

& Task 2.4.4: Doubling and halving

1. Practice doubling, and show your working using structured number
pictures. .

Structuring
representations

3x2 30x2 12 x 2 : :
Number pictures: Using a mirror
line for doubling and halving

3 x 2 = 30 x 2 = 2 x 2 =

2. Whatis my number?

a. | am thinking of a number. Double my number is 4.
What’s my number?

b. Double “my number” is 8. My number is
c. Double “my number” is 12. My number is

d. Complete the doubling function diagram.

INPUT m OUTPUT

2 4
8
12
20
16
What's my number?
e. What function is the inverse of doubling?
Write the function on funky’s screen
f. Complete g. Complete
Double 5 Double 2 Double 26 Double 20
olo 0|0
oo 0|0
Q|0 Double 3 a8 o
O|O O ele o3k
0|0 O . | N
\ (o]
§ =% 55 o 26=20+__ . so
Doubla 5 = Doiible 2 & Doible Double 26 = Double 20 + Double
5x2=(__x2)+(3x2) — M= el
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/ Task 2.4.5: Two minute tango

Double2=_______

3x2=___

5 repeated 2 times =

Double 7= ______

9+9=___

O9x2=___

6x2=___

Halfof 8=

4+2=__

20+2=____
Double40=_______
30x2=___
Halfof 60 =
50 +— =100
20+2=___
Halfof 160=____
—  +400=1000
100-— =70

Halfof16 =

1 more than 300 is

If you know your doubles, you know your halves (they are inverses)

e |[fdouble 4 =8, then halfof8=4

e [fdouble 6 =12, then half of 12 = 6, etc.

If you know your doubles, then you can use this for small (1s), medium (10s) and large (100s) songs:

e |[f double 7 =14, then double 7 tens = 14 tens = 140
e |[f double 7 =14, then double 7 hundred = 14 hundred = 1400

MATHS 4 PRIMARY TEACHERS PRACTICE WORKBOOK




SUMMARY

Draw a mind map of the counting trajectory. Show all six stages.
Pose some questions that you think will be asked about concepts in Quiz 2.4.
What mental fluencies will you be tested in in Quiz 2.4?




The measurement pathway
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In unit 2 we focused on the counting pathway. Now, in unit 3, we focus on the other main route
to develop children’s number sense: the measurement pathway.

The key ideas in Unit 3 are:
1. Following the measurement pathway children compare continuous quantities
that can be measured.
2. Children learn to measure by following the same 4 steps.
3. Children first learn to measure 1s. But very soon they use standard units using 1s,
10s, 100s and 1000s

@ Following the measurement pathway children compare
continuous quantities that can be measured

Any number always occurs in a sequence of other numbers. Children learn the counting song as
a list of words which is always in the same order. They know the sequence “one-two-three-four-
five”. They start to learn that:

e three comes before four; and that

e three comes after two.
Children make lists and use the ordinal numbers to plan actions: First, second, third.

In the measurement pathway children reason about, and act on, continuous quantities. A
continuous quantity is unbroken. Children measure these quantities using attributes such as
length, height, mass, volume, capacity, time, and temperature. The measurement pathway into
number starts with continuous quantities that can be compared directly and later measured.

To measure we introduce a unit (a standard or a non standard unit). The measurement pathway
connects number work with spatial reasoning (shape and space, and measurement contexts) in
early mathematics.

To compare continuous quantities you have a few options.

First, you could compare the objects directly.

To see which is heavier — an apple or a pencil — they
can be com pared directly on a balance scale.

MATHS 4 PRIMARY TEACHERS PRACTICE WORKBOOK



To compare continuous quantities you can compare them directly.

Children are able to order and compare objects or events by partic-
ular attributes:

e Tall, taller, tallest.

e Heavy, heavier, heaviest.

e Late, later latest
Height, time and mass are all examples of continuous measurement
contexts.

To see who is taller, children stand back to back.

Second, you could choose a measurement unit that is bigger than the attribute.

To compare continuous quantities which cannot moved or lined up, you could use unit which is
bigger than each quantity. So comparing the width of circumference of two tree trunks you can
use a rope or a string, and mark off the circumference of each tree trunk.

Measuring the circumference:

Use a long rope to wrap around each tree.

Taller tree
stt:-“nmﬁnag-lm
Shorter tree

To see whether a cupboard will fit into the space between the bed and wall, you could use a
dressing gown cord or belt. Mark the width of the space on the cord and compare it to the width
of the cupboard.

Third, you could choose a measurement unit that is smaller than the attribute. You repeat that
unit to quantify the attribute.

The continuous quantity becomes countable by introducing a unit of measurement. At first this
unit of measurement of repeated using counting or natural numbers. Very quickly they need to
use parts of a unit, and rational numbers are needed.

PrimTEd GM2

Knowledge of measurement

Recognise the attribute being
measured - idenitfy a suitable
unit




Diagram: Number systems

PrimTEd NA2

Knowledge of number

Real numbers (R)

Irrational numbers (Q')
pi; 0,153566735608...

systems

013 0.2, 0.3, 04,05 .2

“Whole numbers (o)
o _

Natural numbers (N)
_1: 2308 55

10%; 20%:; 30%; 40%; 50% ...

1 fifih, 2 fifths, 3fiths, 4 fifths, 5 fifths

These are the main features of the measurement pathway.

Quantities

Continuous quantities that can be measured

Pathway into
number sense

Measurement pathway

Unit Unit of measurement
(standard or non-standard)
Metaphor Movement along a path
A person moving along a path

1 unit ——————{

of length

Zero The start of the path
Representations | Number lines

Add. Show the s‘bePs on the number line.

Number meaning

Ordinality

Numbers are in a sequence arranged from smallest (first) to big-
gest (last)
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-@® When children measure they always follow the same 4 steps.
Children learn to measure, by following these steps:

Diagram: 4 steps for measuring

St ep 1 * Choose the attribute

St e p 2 * Identify the start and

end of the attribute

» Choose a measuring
Step 3 unit

» Compare the attribute
Step 4 to the measuring units

Line up the start the unit with the start of the attribute

Repeat the unit

Don't leave any gaps or make any overlaps

Count how many measuring units are needed to reach the end of the attribute.

L I I I

w=@ Children first learn to measure in 1s. But very soon they use
standard units using 1s, 10s, 100s and 1000s

In the measurement pathway children reason about, and act on, continuous quantities. They
measure these quantities using attributes such as length, height, mass, volume, capacity,
time, and temperature.

kilograms milligrams
(ka) (mm)

LENGTH kilometres metres millimetres
(km) (m) (mm)

UNIT 3: THE MEASUREMENT PATHWAY
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CONTINUOUS MEASUREMENT

The key ideas in Umthamo 3.1 are

1. Children experience number — not just as discrete objects or events — but also as
continuous quantities
A mental picture for measing a continuous quantity (like length) is a person stepping
along a path
The ordinal meaning of number is having the numbers in a sequence
Whichever attribute children measure, they always follow the same 4 steps
We measure different attributes: length; time; mass; capacity; volume; temperature
Maths does not make sense if your only mental picture is measuring and structuring
in ones. To understand measurement you need to understand the base-ten number
system of place value and the Standard International (SI) system of measurement (in
15,10s, 100s, 1000s). For time there is an unusual system of measuring units involving 5s,
12s and 60s.

-=@® Continuous quantities

The measurement pathway into number starts with continuous quantities that can be com-
pared directly and later measured. Only later are discrete objects introduced. To measure we
introduce a unit (a standard or a non standard unit). The measurement pathway connects number
work with spatial reasoning (shape and space, and measurement contexts) in early mathematics.

N

ol G e

When children measure a continuous quantity, they must first decide what attribute should
be measured. They must decide what are they measuring: they are measuring length, they are
measuring mass. At first this is about direct comparison. Which object is taller? Which is shorter?.

Length measures the HEIGHT of objects - the distance between the fop to the 7= '
bottomn! We say an object is TALLER or SHORTER than another object.

Circle the TALLER Db_jec‘t-: G\

At first chilldren compare
without measuring. At school
they start using measuring
instruments (like a ruler) to
compare and measure.

Inde kcngakanuni ipeni? Inde kangakanani?

Inde l(ansal(cncni iPensi|e?
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w=® A measuring unit

To compare continuous quantities you can compare them directly. To see who is taller, children
stand back to back.

Continuous quantities are unbroken. They can be measured using a measurement unit. The
amount of time, the amount of ground and the amount of water, the volume and the mass are
continuous. We can’t count time, distance, water, or length. We need to measure using an agreed
unit, as these are continuous extents.

To measure a continuous quantity children have to introduce a measuring unit. The unit could be
standard or non-standard. Repeating the unit allows them to count the units of measurements.

Measure the LENGTH of each object. using cubes. ﬂ
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In this learner activity the measuring unit is a cube. Cubes are smaller than the length of the
objects being measured.
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UMTHAMO 3.1: CONTINUOUS MEASUREMENT

-@® A metaphor for continuous measurement: ‘Walking along a path’
In the measurement pathway, the metaphor for number as a movement of a point (or object)
along a line (or path) is discussed in detail by Lakoff and Nidnes (2001) in their book Where Math-

ematics Comes From.

Diagram: The ‘point moving along a path’ metaphor for number

Another way that we think about
a number, is using the idea of a
path.

5 is a movement of
5 steps/sections along a line.

Diagram: Number line to show the number five is a continuous length (5 steps)

A person moving along a path

1 unit 4[
of length

Zero The start of the path

PrimTEd NA1

Emergent number awareness

Distinguish between types of
quantity (discrete and
continuous) and forms of
quantification (counting

and measure)
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w=@® Ordinality

@ The ordinal meaning of number in a sequence

We take the 1% step, 2™ step, and then the 3 step as we move along a path. There is a contin-
uous length of 5 units (steps or metres) from the starting point (zero). The number 5 is not seen
in isolation. It is thought about as having a position (a place in the sequence of humbers). Five
denotes the 5™ step or the 5" unit of length. Five comes after 4 and before 6.

Together with developing language, babies start to move through their environment: first
crawling orsliding, then walking. To move through the world, the baby uses their spatial reasoning.
They need to know where they are, and plan a route to get to a new position. Humans learn how
to walk and use paths to keep track of their position relative to fixed points (like their bed, their
home, or the nearest shop). People can imagine their own movement as if their body is a dot
moving along a line. This is a powerful mathematical idea, and is used in many communities and
in further mathematics (such as dynamic geometry and calculus).

The ordinal use of number is also evident in the counting song. The number song is first learnt as
a sequence or order of words. The words don’t yet have meaning. The 1t word we say is ‘one’,
the 2" word is ‘two’, then ‘three’ and so on. So the number words in the counting song are in a
sequence or an order. There is a 1%, 2", 3 and 4" number. The number song is said within the
continuous quantity of time, which we can measure. We can say it fast, or we can say it slowly.
There is a rhythm or a beat to the number song.

We are using the ordinal use of number when we ask children: ‘What number comes before 47’
or ‘What number comes after 4?7’ So we think about a particular number (like 4) in relation to other
numbers. We think of the number as having a position or a place in the number sequence. Five
means the measurement (often a length) or the sequence of an event (a step along a path). Five
comes after 4, and five happens before 6.

To measure we introduce a measurement unit, to make a continuous quantity countable. As
we often get partial units, we use the set of rational numbers. The symbol for natural numbers is

Q. A rational number can be represented as a fraction.

Diagram: Number systems

Real numbers (R)
0.1; 0.2;0.3; 0.4, 0.5, .2

Whole numbers (N,)
0

Natural numbers (N)
325845

10%; 20%; 30%; 40%:; 50% ...

Integers (Z)
1; -2 -3;4; -5

1 fifth; 2 fifths; 3 fifths, 4 fifths, 5 fifths

Rational numbers (Q)
1 & i L 5

Irrational numbers (Q)
pi; 0,153566735608...




UMTHAMO 3.1: CONTINUOUS MEASUREMENT

@ Which ever attribute children measure, they must follow the same 4 steps

Children learn to measure, by following these steps:

Diagram: 4 steps for measuring

* Ch h '
Step 1 Choose the attribute

* |[dentify the start and
Ste p 2 end of the attribute
» Choose a measuring
Step 3 unit

» Compare the attribute

to the measuring units

Line up the start the unit with the start of the attribute
Repeat the unit

Don't leave any gaps or make any overlaps
Count how many measuring units are needed to reach the end of the atfribute.

Step 4

To compare two sticks the childrenhave to decide what aspect of the sticks they are comparing.

They need to choose an attribute to compare.
e Some children might compare the lengths. Which stick is longer?

e Some children might compare the mass. Which stick is heavier?
e Some children might choose another attribute like — which one is straighter? Which

one is smoother or more flexible?
Let’s agree that the children will compare the lengths of the sticks.

Compare the length of two sticks

PrimTEd GM2

Knowledge of measurement

Recognise the attribute
being measured.

-g<--Activity for learners
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@ 4 steps for measuring any attribute

Even very young children can choose the longer stick. The attribute is length. The child must
position both sticks at the same start point. The sticks must both be straight (so their lengths are
parallel). They can see which is longer.

The children are not counting or using number as a collection of discrete objects. But they are
comparing lengths (using their visual sketch pad). They have to imagine the start and end lines.
They have to move the sticks into position, and orient the sticks next to each other. Then it is
possible to compare lengths.

But what if they could not move the sticks? How could they compare the lengths?

Compare the length of two sticks with informal units

Compare these sticks.
Which one is “longer”?

Perhaps the sticks are on a tree, or stuck in the ground, or drawn on the blackboard. If children
can’t move the sticks, the children might introduce a unit to measure with. The unit might be
simple — like a piece of string that is longer than either stick. They must agree on where to start
measuring — and where the end of the stick is. They line up the string on one stick. Then take the
string to the other stick to compare lengths.

They might use a body part — like their arm - to create a unit for length. They line up each stick
from their finger tip and see how far the stick goes up their arm.

They might use a hand. They then have to carefully be sure to start at each end, and repeat the
unit (their hand) with no gaps. They count how many hands each stick is. They might mark off on
their hand for how much extra is needed.

Notice that now — when using a small unit like “a hand”, they start using numbers. The sticks
are both: “three-and-a-bit hands”. Stick B has a bigger “bit” than Stick A. This is the beginning of
fractions!

UNIT 3: THE MEASUREMENT PATHWAY



@ Measuring different attributes

UMTHAMO 3.1: CONTINUOUS MEASUREMENT

When children compare and measure continuous quantities, they use the ordinal meaning of
number. They choose a measurement unit and repeat it, counting in order. The measurement
tools (instruments) use an ordinal scale.

;EE- / 1mull|meler ‘4_‘/‘
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Length and distance are continuous. You can’t count the length of a pencil. You need to agree on
a unit to measure the length of the pencil. You could use an informal unit like a paper clip.

The standard unit for measuring length is a metre. A bigger unit of length is a kilometre. Smaller
units of length are centimetres and millimetres. We can use a ruler to measure length. A ruler is
ordinal. A ruler has a structured number line, where

the numbers are equally spaced (the intervals are equal),

the numbers are arranged from smallest to biggest,

it starts at O.

the line is used vertically or horizontally.

When |
SUBTRACT ones |
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CAPACITY is a measure of the maximum amount of liquid a container can hold. ¢
VOLUME is a measure of how much liquid a container holds now.

& Examples

Colour to show ful |, half* full and emPt,-d.

Show Fulll Show Half’ Show Empty

Capacity is how much a container can hold. Volume is the amount of liquid in a container. Both
capacity and volume are continuous quantities.

We often use containers to measure the volume of a liquid. A liquid is continuous. To collect water
from a river, you need a container. The amount you collect is measured by the size of container.
To quantify the water you choose a unit - 1 cup, 1 bottle or 1 bucket — and repeat that unit. You
count how many cups, bottles, or buckets you can fill.

The standard unit for measuring capacity is a litre. Bigger units for volume are kilolitres. Smaller
units for volume are centilitres and millilitres. We can use a measuring cylinder or measuring
jug to measure an amount of liquid. A measuring jug has an ordinal scale. A measuring jug has a
structured number line, where

e the numbers are equally spaced (the intervals are equal),

e the numbers are arranged from smallest to biggest,

e it starts at O; and

e the line is used vertically.

kilolitres
(ke)

litres

®

millimetres
(mf)




(-
QD
g‘ Time is continuous. We use different measuring units to measure time: seconds, minutes, hours,
3 days, months, years, decades, centuries, millenia...

Did you know that the
earth revolves around
the sun? It takes | YEAR
fo travel around the
sun one fime!

Time is organised info years.

7 There are [2 MONTHS in one YEAR.
There are about 4 WEEKS in one MONTH.
There are 7 DAYS in ecich WEEK!

How old are ch? How many times have
you travelled around the sun?

A calendar is a kind of structured number track where

e the numbers are equally spaced (the days are equal),
e the numbers are arranged from smallest to biggest (the first, second, third of the
month),
e the days are placed in rows of 7.
e A number track starts at 1. A number line starts at O.
January Fel:r-uur-H March
MIT|(W|T|F|S]|5 M|IT|W[T|F|S]|S M| T|W|[T|F
1|2 1213456 1213|456
314|567 |89 T899 1001213 T8 9100 f12]13
1213101516 |15 (1617|1819 |20 I I5 1617181920
7|18 |19 |20]21|22|23 20022123 1202512627 2012223 |20 (25|26 |27
20| 252627282930 28 2829|303l
3l

Analogue clocks have a kind of structured number line where

the hours our equally spaced,

the hours are arranged from smallest to biggest

it starts at O and ends at 12. It does not label the start,
but just the end.

the line is curved into a circle.

PrimTEd GM2

Knowledge of measurement
Recognise the attribute -
Identify a suitable unit -

iterate units




w=® Number lines

- SOME IDEAS FOR YOUR CLASSROOM

Use discrete objects and continuous contexts
Remember that measurement is an important context for number work. So when creating learner
activities with numbers that involve discrete objects, ask yourself:
e How can | explain this same idea using continuous measurement?
e How can | use length, time, mass, capacity, volume, temperature, or money as the
context for this concept, or in this problem?

=@ Ordering numbers on a number line

Children need to be able to write and say the small number song. They also need to be able to
order the number symbols.

The ordinal meaning of number is needed when children answer questions like:
e what number comes before 6?
e what number comes after 67
They learn to sequencing numbers with smallest on the left and biggest on the right.

Children learn about numbers - not just as collections or sets, but also as having an order. The
numbers are in a sequence: smallest on the left and biggest on the right.

Children slowly learnt that:
e Getting bigger, is a movement along a line going up.
e Getting bigger is imagined as a movement to right.

Next, they learn that
e Getting smaller, or less as a movement, is a movement going down

e Getting smaller is a movement along a line going to the left.

Say 1 more than / Say 1 less than

[2d

; Source: Porteus, et al.
= —t t i i i i i | ! i —> T+ = (2021) Magic Classroom
g 0 ! : 5 s L 8 1 10 Collective learner
= ™) Say dloud. One more than 7is 8. workbook, Nelson
= : 8is bigger than Tby L Mandela Institute

> 8 comes after 7 -

e
S Put the first number in your head.
pre=t Hop backward by L.

(L]
<

) ettt 8-| =
¥ o | 2 3 L 5§ & 1 5 1o —

Children use the small number song to know which numbers come just before, and which come
just after. This is the beginning of addition:

1 more than 7 is 8... because 8 comes after 7 in the number song.

Start at 7. Hop one forwards (to the right)

1less than 10 is 9 ... because 9 comes before 10 in the number song.

Start at 10. Hop one backwards (to the left).
UNIT 3: THE MEASUREMENT PATHWAY
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Write one more / Write one less

Write one more: Write one less:

£ | | | & | | | &8

~ I I 1 Cd - I I T Cd
17 8 5 6

| | L5 | | L5

~ I I | I I
10 20

| | | & | | | &8

~ | I - | I T
19 [

Source: Porteus, et al. (2021) Magic Classroom Collective learner workbook, Nelson Mandela Institute

73
Play: Fast Maths with Cards
ORDER! Smallest to Largest

+ Mix cards from O to 20|
* Place in a pile!

« Flip up THREE cards!
* Order from SMALLEST TO LARGEST!

Adding on a number line
To add, children “put the first number in their head”. They circle that number. Then they hop in
ones to the right. Where they land is the answer.

Add. Show the steps on the number line.

N, ||’—"‘|’ﬂ|’ﬂf,i|||||
+3="2 "0 O 2 3 4 5 6 7 8 9 10
e r +r r rr r r +r 1+ 1 1 1 .
>+ 3= S0 I 2 34 56 7 8910

To subtract, children “put the first number in their head”. They circle the first number. Then they
hop in ones to the left.

MATHS 4 PRIMARY TEACHERS PRACTICE WORKBOOK



w=@® Hop in 1s. Jump in 10s. Leaps in 100s

(&8 When children shift from using the small number song, to the medium and large number song
k8 they don’t hop they jump.
S
$
(=]
-
=
= 68 - 30 =
S + | draw an empty number line.
0 | can subtract 10s from any - liabel the 68.
- number! - 30is 3 fens.
% ’ - | jump backwards by fen 3 times!
: - llabel each jump!
-10 10 10

M

1 ‘ » 68-30= 238
48 58 —_—

Solve by showing on the number line.

N

A 4

63 - 20 =
-

Children use the small number song (hops in 1s), the the medium number song (jumps in 10s)
and the large number song (leaps in 100s).

165 - 300

7 - ldraw anumber line.
We can subtract 100s from any ) | label 765.
number using a number line. * 300is the same as 3 HUGE

LEAPS of 00!
- I draw three leaps backwards

N

I> 765 -300 = £65

Solve bH showing on the number line.

- 100

- 100 - 100
/—\ /\ /\ /—\ 850-400=
750

UNIT 3: THE MEASUREMENT PATHWAY



/ Tasks: Conceptual understanding

/ Task 3411 Ordinal number names

1.

10.

In English we write the word “ two” for the cardinal number name for a set of 2 objects.

Write the ordinal number name for position number 2.

What is a standard unit for measuring time that is smaller than 1 minute?

Notice Q1 and Q2: This is an example where the same English word has two
different meanings

Write the ordinal number name for position number 3.

When we divide something into 3 equal parts, each part is called 1
Notice Q3 and Q4: This is an example where the same English word has two
different meanings

Write the ordinal number name for position number 9.

Which whole number comes after 6?

Which whole number comes before 6?

Translate question 6 into another South African language.

Translate question 7 into another South African language.

Complete this table.

Attribute Standard unit of Measurement instrument
measurement
Length Metre stick / Ruler
gram (g)
Volume/Capacity
Month
Second

Thermometre

MATHS 4 PRIMARY TEACHERS PRACTICE WORKBOOK



In English we can recognise the ordinal number names bigger than three, by the suffix
“th”. In English, there are exceptions:
e The ordinal number name for one is “first” (not oneth),
e The ordinal number name for two is “second” (not twoth)
e The ordinal number name for three is “third” (not threeth).
In English, we also use ordinal number names to name the fraction parts:
e When we divide something equally into five parts we get fifths: 1 fifth, 2 fifths,
3 fifths, 4 fifths
e When we divide something equally into ten parts we get tenths: 1 tenth, 2 tenths,
3 tenths, etc.
In English, there are exceptions:
e when we divide into 2 equal parts, we get halves (not twoths)
e when we divide into 3 equal parts, we get thirds (not threeths)
e when we divide into 4 equal parts, we get quarters (not fourths)

How are ordinal numbers named in other South African African languages?
In isiXhosa, what does the prefix okwe- mean?
In isiXhosa, fractional parts are not named using ordinal number names.

2 A froction is s -
How many e%uc| parts! about separating K Nl
What is the fraction name of one Par-t? one thing info 4
~ Colour 1 equal part

equal parts. Label 1 equal part
HOW man ecluc|| PGPLS? 3
° I L I. L
.9 | . T
< Name of one part: @3 1 third

i 0 1
<'.. > How many eclua| Pcrts? I : I }

$i | ; |

= Name of one Pcr‘t: D 1

HOW manH equa| PGP’LS? I

Name of one Part: D ‘i

HOW mcn3 e(luc|| PGI"t«S? : : : )
" Name of one Pclr‘t: D ‘1

HOW mOhH eclua| POP‘LS? I

Name of one Part: 1
AR n
i@ “‘j A pizza is a big round circle of flat breat with

< cheese and toopinas.

Chocolate bar Number ling

UNIT 3: THE MEASUREMENT PATHWAY
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/ Task 3.1.2: Cardinal (hnumber pictures) and ordinal (humber line) representations

This example shows an ordinal and cardinal way to represent 2 + 3 =5.

— Ezi-2 nezi-3 zenza
N
<(é1;y OOO000

ordinal cardinal

Source: DBE Rainbow book
1. Circle the correct word or phrase.

In the ordinal example:

a. zero is: the place to start OR the empty set.
b. the numbers are: poles or fences?
Cc. The numbers represent: discrete objects or equal jumps along on a line

2. Circle the correct word or phrase.

In the cardinal example:

a. zero is: the place to start OR the empty set.
b. the numbers are: poles or fences?
Cc. the numbers represent: discrete objects or equal jumps along on a line

3. Draw a number line (ordinal example) for 20 + 30 = 50

4. Draw a number picture for 20 + 30 = 50.

MATHS 4 PRIMARY TEACHERS PRACTICE WORKBOOK
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This is an example of from a grade 1 learner workbook. It shows subtraction as take-away
(tabatha)

N ) .
5 thabatha ‘ | zenza | 4

J A A b 4

~ AR
thabatha zenza ‘

4 \ J/ B >

~ S '

thabatha ‘ zenza
L / b J AL /

Source: DBE Rainbow book

Circle the correct word:

5.

6.

The triangles an example of cardinal / ordinal representation of number.

Is the number line an example of cardinal / ordinal representation of number.

When a teacher shows subtractions as discrete objects being removed (or taken away),
this is a cardinal / ordinal representation of number.

When a teacher shows subtraction as jumping backwards (to the left) on a number line,
this is a cardinal / ordinal representation of number.

Draw a number picture to show 50 - 30 = 20

10. Draw a number line to show 50 - 30 = 20.

UNIT 3: THE MEASUREMENT PATHWAY @



/ Task 3.1.3 Measuring using hands and feet

Grade 3s are measuring lengths.

Boys use their feet as a unit.
Girls use their hands as a unit.

Mandla and Rebecca measure
the length of teacher's desk

el A Y a ¥ a ¥ A ¥ a¥ A
Rebecca ﬁ R

Teacher’s desk
1. Mandla measures the teacher’s desk to be feet long
2. Rebecca measures the teacher’s desk to be hands long.

3. Complete the function, to show the relationship between Mandla and Rebecca’s units

2l

Mandla’s Rebecca’s
feet hands
1 2
2

PrimTEd NA7

Overaching mathematical ideas
Understand and apply
knowledge of relations and
functions

In algebra we don’t write x for multiplication.

We use brackets, or if it is variables and number, then we use no sign.
e b5times 6 is written 5(6)

e b5 times fis written 5f.

e m times n is written mn




4. Complete the different ways of writing the relationship between the feet and hands:
Half the number of hands = the number of
Number of x 2 = number of
Let the number of hands be h. Let the number of feet be f. Then,
h=
5. What about the inverse function. If we know the number of Rebecca’s hands, how do we
work out the number of Mandla’s feet? Write a number sentence to show the relationship

between Mandla’s feet and Rebecca’s hands.

No. of feet =

In algebra we don’t write + for division, we use a fraction
We use fraction notation.

6
6 divided by 2 written —5—

Half my number is 6. What’s my number?

Half my “my number” is written: % my number
f divided by 2 is written: %
m divided n is written: %

6. Complete the function machine. Show how to get from Rebecca;s hands to Mandla’s feet.

OUTPUT INPUT

Mandla's
feet

Rebecca's
hands




# Task 3..4: Estimate 0-100 on number lines

1. Write the numbers below each dot

/ Tasks: Procedural fluencies and strueturing

5 0 B 20
: : ! : : — S >
5 o 0 I5 0
2. Draw a dot and write the number below the line.
pa 1 1 L | 1 | | 1 | LN
Y | I ] | I | | I | I &
5 10 15 20
pa 1 | | LN
Y I 1 | 4
5 10 15 20
ra 1 | | | &
» I I | G4
5 10 15 20
3. Write the number below the dot
®

Structuring ﬁ

representations

Structured number lines.

40

L5

50

60

60

10



PrimTEd GM2

4. Draw a dot and write the number on the line. e

Estimate

N

[20] <

W

L

o+

8
gl

N

5. Look carefully at the start and end of each number line. What is the size of the interval?.
Mark and label half way, for each number line.

Now, draw a dot for 57 and write 57. Look carefully at each line.

50 60
0 100
40 60
30 60
6. How many equal parts in 1? . Name of one part:

0 1 half 2 halves 3 halves __halves __halves

: | : ’ : = : >

0 % 1 13 2 3
7. How many equal parts in 1? . Name of one part:

0 1third 2thirds 3thirds _ thirds _ thirds __ thirds __ thirds

: : : : { i : ! : : >

0 1 z 1 2 3

3 3




# Task 3.1.5: Two minute tango

te Tango

Inu

5 repeated 10 times=_____

50x10=___

500 multiplied by =500

=

2

-
e~

Double 18 =

L)

Double =18

800 shared equally between 8=_____

+10=80

Half of 36 =

Half of 360 =

72 71 70 — -

372;362; ;342

If | decrease 500 by 1, get ____

1892 +100=___

(7x10) + (2x10) = ___x10
(60x2) + (___x2)=63x2
__+2=20
__+20=200
4M+___ =50
__-9=500

Multiplication involves choosing a unit and repeating it, to find how many there are.
e For double 3, the unit is 3. It is repeated 2 times. The result is 6.
e Fortriple 2, the unitis 2. It is repeated 3 times. The result is 6.

0|0 Oloo

OO0
olle OO

Double 3 Triple 2 |
3 repeated 2 times 2 repeated 3 times
3x2=06 2%x3=6

Jump 3. Repeat 2 times Jump 2. Repeat 3 times

.V

0 3 6

MATHS 4 PRIMARY TEACHERS PRACTICE WORKBOOK



UMTHAMO 3.1: CONTINUOUS MEASUREMENT

SUMMARY

There are 2 pathways to learn about number.

Complete the table.

Pathway into
number sense

Metaphor

Representations

Number meaning

Which concepts will you be tested on in Quiz 317

What mental fluencies should you be practicing for Quiz 3.1?

UNIT 3: THE MEASUREMENT PATHWAY



UMTHAMO 3.2

ORDINALITY

1.  Any number always occurs in a sequence of other numbers.

2. Continuous quantities are measured using marks (poles) to show equal units of
length (fences) along a line.

3. The ordinal meaning of number describes a position along a line or a position in
time.

4. Children move along a learning trajectory from structured number tracks to empty
number lines.

-=® Any number always occurs in a sequence of other numbers.

Any number always occurs in a sequence of other numbers. Children learn the counting
sequence as an ordered list of words. They know the sequence “one-two-three-four-five”. They
start to learn that:

e three comes before four; and that

e three comes after two.

They are able to order and compare objects by particular attributes:
e Tall, taller, tallest.
e Slow, slower slowest.
e Heavy, heavier, heaviest.
These are all continuous measurement contexts.
the measurement can be: mass, length, capacity, volume, time, or temperature.

Children make lists and use the ordinal numbers to plan actions: First, second, third.
This is the ordinal meaning of number. A number describes a sequence: 1%, 2™, 31,

Diagram: A number line showing 4 steps along a path

/

fi A person moving along a path

1 unit 4/» /
of length
Zero —i The start of the path

This is the ordinal use of number: the 15 step, 2™ step, 3™ step as we move along a path.

MATHS 4 PRIMARY TEACHERS PRACTICE WORKBOOK
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w® Fences and poles

@ Continuous quantities are measured using marks

(poles) to show equal units of length (fences) along a line.

The number line is a sequence of numbers placed in order along a horizontal or vertical line.
Numbers are positioned or placed relative to other numbers. Calculations are done by hopping
(in ones) or jumping (in bigger units). Here movement - jumping forwards (to the right) or jump-
ing backwards (to the left) is used for calculations.

When children first start using numbers, they often confuse the cardinal and ordinal meanings.
This is especially the case when they start using number lines.

If they only know the cardinal meaning of numbers, then using a number line is difficult.

Using the idea of fences and poles can help remove this confusion.

Diagram: Fences and poles

Fence Fence Fence Fence

The poles are the equally spaced markers on the number line, for each length. The first pole is
0. The second poleis 1.

The fence is the ‘interval’ between the markers on a number line. It is a measure of length. Each
section of fence is the same length.

We measure continuous quantities by introducing a measuring unit and repeating that unit.
With formal measurements we use an ordinal scale (which is a structured number line). The
spatial idea of numbers being in an order, and arranged from smallest to biggest or numbers as
moving along a line is a very important way of thinking about and using numbers.

Write down and discuss the isiXhosa words and phrases used to describe
an interval (fence) and
a marking (pole)?

What are the various ways to describe zero? (in English and in isiXhosa). Do any of the words or
phrases denote an empty set (absense) or a starting point?

UNIT 3: THE MEASUREMENT PATHWAY



UMTHAMO 3.2: ORDINALITY
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@ The ordinal meaning of number describes a position

along a line, or a position in time.

You have learnt that people think about and use numbers to quantify collections of discrete
objects and use the idea of a container, to group those objects. This is the cardinal meaning of
number.

But people also think about and use numbers as being in an order or as a sequence. This is the
ordinal meaning of number.

The sequence of numbers can be arranged in space. There is a start. They are ordered from left
to right, or from bottom to top. This is using the bodily position sense (to know left versus right
and bottom versus top). It is using the sight sense and visual sketchpad to imagine a line or
path.

(e
< m Numbers on a number line increase in this direction. — —

4

—= When | add | go this way = = 2 = =
The sequence of numbers can said as a string of words, or a number song, forwards or backwards.
The words are said over time, and so a smaller number is said before a larger number. The

metaphor of stepping along a path creates the dynamic idea of movement over time. Children
can image moving their body through space and walking along a path.

“O- SOME IDEAS FOR YOUR CLASSROOM

Fences and poles

How many?

o—0—0—9

A teacher draws four dots that are equally spaced along a line. She asks: how many are there?
Alan says 3, and Vusi says 4. Discuss.

Is Alan counting fences or poles?
Is Vusi counting fences or poles?

D ] D Chilglren should practice
L . e <y placing numbers in order on a
_ ‘ number line . O on the left.
10 on the right. ﬂ

PrimTEd GM2

| . Knowledge of measurement
Recognise the attribute -
identify the unit - iterate the unit




w=® Number lines learning trajectory

Teachers should make children aware that the number line starts at O (at the pole). When we
count on a number line we count the fences.

We label the fences at the pole to the right of the fence.

o @ o o ®
0 1 2 3 4

The first fence needs both of its two poles to hold it up. If the pole at position O is removed, then
the fence will fall down.

This number line is structured in ones. There are 3 important features of all structured number
lines:

They all start at O.

Each interval (fence) is the same size. In this case each fence is ‘one’ long)

Horizontal number lines have the smallest number on the left, and biggest on the right.
Vertical number lines have the smallest humber at the bottom, and biggest number
at the top.

@ Children move along a learning trajectory from

structured number tracks to empty number lines.

From number tracks to structured number lines to empty number lines
Length is key representation for children. It uses the metaphor of a path. The path could be
vertical (from top to bottom) or horizontal (from left to right).

At first children use a structured number track for the whole numbers 0 to 10. Then then use a
structured number line from O to 10. Over time children get used to working with less structured
number lines. They should stop counting in ones. They stop hopping in ones, and make big
jumps.

Diagram: A learning trajectory for number lines

= Grade R = Grade 1- EEACIELEREN = Grade 2- EACIEREVAR = Grade 3

. Empty
Semi — number line
y structured
Sen = number line
structured
1-20 —_—
SIGVOCCM o mber line  ° . n » “
1-20 L L L L 1
Structured ETITRTN 5 1 15 20
1-10
StE}UEt:JrOed number line 7 & - ' 40 11 12 13 14 45 16 17 18 19 20
il ——————————
0 . i 5 10
(EC B
BT AR AERE R



UMTHAMO 3.2: ORDINALITY

Diagram: Number tracks to nhumber lines

Number track = i
(structured in 2s) I. 3 . 5 31 3 | 8 9 r ﬂ

Number line | |
(structured in 2s) .

Number line
(structured in 5s)

N afe
w
=N
o
)
~
(00]
(o]
-
=

0o 1
Introduce number lines as continuous measurement starting at 0. You are walking or hopping

away from the starting point (0.). Each step is an interval (fence). The markings (poles show where
your foot lands.

Number lines can be structured in 1s, 2s and in 5s. In grades R and 1 children work on number
lines that are given to them. By grade 2 they start working with semi-structured number lines.

This is a number line structured in 5s. It is semi-structured as not all the poles are labelled.

This is a number line structured in 10s. It is semi-structured as not all the poles are labelled.

“++—+t++rt++—t+—trtt—t—ttttt——t—t—trt
0 10 20 30 40 50 60 70 80 90 100

The number line is structured in 10s. The measuring unit is 10s, not 1s.

&l L | [l | [l L | | |
w0 T T T T U T U 1 1

|
1
0 10 20 30 40 50 60 70 80 90 100

N
7

By about grade 3 (but often earlier) children start to draw their own number lines. By this stage,
children are using numberlines as tool to track their thinking. Their own number lines do not need
to be neat and precise. They do not need to start at O.

Chidlren can use their bodies
to create number lines. O is
on the left. 10 is on the right.
5 is in the middle.

PrimTEd GM2

Knowledge of measurement
2.6 Integrate knowledge

of number with knowledge of
measurement




The number line in this activity is structured in 1s.

w=® From structured to empty number lines

So|ve on the number‘ |ine.

Put the first number in your head.
Tap to make sure it is in there!
Hop forward to add.

Circle the answer-.

-G<--Activity for learners

the next 10?7

IllllmlJl
- I | |

-G<-- Activity for learners

Draw a dot. and label the number.
What is the next 10? How far to

The number line in this activity is semi-structured in 5s.

T : : ) 5 + 2 =
8 9 10
Zibadlo loves 10s.

She dlways asks, how
far to the next 10?

The number line in this activity is empty.

Next. |0 10
L — —
0 L5 5 20 | Howihe: 6
Next. |0
3| e++—+——t++++++++++++—++
0 5 10 5 20 How far:

We can add on an EMPTY number line! m
; A

Pala'a'aa)

N

Naledi is 32 years old. Her brother is 5 years older. How old is her brother?

LY

33 3¢ 35 @

Put the first number in your head.
Hop FORWARD to add.

e
[N
=
9
(3
=
~
o
S
>
s
=
—
P
<<
i
&
1

32¥5= 3]

Draw a biS dot to label the number. HOP foward to add.

> 27+ 4=

UNIT 3: THE MEASUREMENT PATHWAY @



/ Tasks: Conceptual understanding

/ Task 3.2.1 Investigate bottles and litres (use a number line)

1. Countin 2s, on the multiples of 2.

Count. bH 2s from 2 to 100.

Colour each block. Count forwards |03 2s.
9192193 |9, (95| 9% | 9798 |99 | 100 2 A 6
8l | 8283 |84 |8 |8 |87|8|87|90
TN T2173 1 |T5176 77117879 |80
6l | 62 |63 |64 | 65|66 |67|686 |70 22 24‘ 26
Bl |52 | 53 |54 |55 (56|57 |58 |59 |60
4 Count. backwards bH 2s.
LU | 42 | L3 | 4L | 45| 46| LT | 48| 49| 50
311321333, (35(36|37]38|39]|40 | A |2 |O
20 1221232425126 27128(29]|30
{12 1315116171819 |20
201 18 | 16
| 2131 L |56 T 819110

2. How many bottles, how many litres of coke? (Specialise for a particular example)

»
2

20

»
2

20

»
2

How many bottles?

How many itres?

3. Complete the number line with equal jumps of 2 each time (Organise on a number line.)

Bottles

Litres

l | | | | | | L
g y 7

ra
hd

0

2 3

c

o

—
6 7

g 910 11 12 I3

5 16 17 18 1920

4. What is the relationship between bottles and litres? (Generalise)

If | know how many bottles | must

If | know how many litres, | must

to get the number of litres.

to get the number of bottles.

MATHS 4 PRIMARY TEACHERS PRACTICE WORKBOOK



5. Organise using a function machine or a flow diagram

INPUT m OUTPUT

Bottles Litres

2

1
2 >
3 AR
10 >
50

100

n

6. The number sentence or rule, that relates the number of litres to the number of bottles is:

7. Complete the inverse function

INPUT OUTPUT

Bottles Litres

INVERSE
FUNCTION

8. The number sentence or rule, that relates the number of bottles to the number of litres is:

No. of bottles =
Let the no. of litres be L, and the no. of bottles be n.

n-=

UNIT 3: THE MEASUREMENT PATHWAY @



In algebra we don’t write + for division, we use a fraction
We use fraction notation. 6

6 divided by 2 is written 2

Half my nhumber is 6. What’s my number?

Half my number is written 2 my number.

f divided by 2 is written:

m divided n is written:

9. Label the number line from O to 10. Start at 1. Count on in twos.
Complete the number line with equal jumps of 2 each time.

Game 3: FIZZ POP

2 More and 2 Less
+ You say, “Fizz.” Your child says, “Pop.”
* You say, “I2”
* Your child adds 2 more.
- Your childs says “4.”
- Keep going!
- Now try 2 less.

X
Start with numbers O to 20, then go higher. | [% \, — //// \\K /

Complete the function machine for “2 more”. Write down the rule.

PrimTEd MAT3

fizz | function >pop

Reflect for action

Is the rule

“Add 2 more each time” the
el same or different to the function

“Add 2”.

What about the function

a 2 “Multiply by 2”7

R Critique - attend to
precision - regulate

N
[ Sl [eo]ro]~

N
o
Blg
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A function is special kind of relationship in mathematics:

For each input there is only one output.
An example of a function is add two: input + 2 = output.
Another example of a function is double: input x 2 = output.

11. This example shows that ‘2 more than 5 is 7’.

Put the first number in your head.

So|ve on the number- |ine. Tap to make sure it is in there!

Hop forward to add.

Circle the answer.

+2
\ : ! : ! m : : —> 5+2 =
0 ’ﬂ,g@é@i?lo —
IR
23
a Draw a number line to represent 6 + 2 =8.
€ I ; I ; | ; | I —>
0 | 2 3 A S 6 1 8 9 10

b. The fences or intervals are 10s. the first pole (on the left) is 50. Draw a number line to

represent 60+ 20 = 80.

Cc. The fences or intervals are 100s. the first pole is O.
Draw a number line to represent: 2 hundred more than 6 hundred = 8 hundred.




12. Complete a function machine for a fizz pop rule of ‘2 less’:

fizz | function > pop
11
21
71
101 | -2
131
401
m R
T W
13. The counting unit is ‘ones’ (small number song).
a. Draw a number line to represent 7 — 2 = 5. Start at 7. Circle the 7. Jump back 2.
€ I I : ; I ; I I ; —>
0 | 2 3 A S 6 1 8 9 10
b. The measuring unit is ‘tens’ (medium number song).

Draw a number line to represent: 70 — 20 = 50. The number line does not start at O.

The last pole on the right is 100.

C. Draw a number line to represent 2 hundred less than 7 hundred = 5 hundred.
The last pole on the right is 800.

The counting unit is

d. Draw a number line to represent 7 million — 2 million =5 million. The number
line does not need to start at O.

The counting unit is

MATHS 4 PRIMARY TEACHERS PRACTICE WORKBOOK



/ Task 3.2.2 Counting on, and back, in tens (use a number line)

1. The medium number song is counting on in tens, starting at any number.
Start at 0. Count on in tens.

Count, lDH |0s from 10 to 00.
Colour each block. Count forwards bﬂ |Os.

92|93 |94 [ 95|96 | 97|98 |99 |100 0 | 20
8l 82838, 8|8 |87 |8 87|90
T T2 73 T4 | T5 76 | TT | 78|79 | 80
bl |62 |63 |64 |65[66|67 686970 LO 50
ol | 52|53 | 54| 55|56 |57 |58 (57|60
LU 42 [ L3 | L4 | 45| 46 | 4T |48 | 4T | 50
31 323334 |35]36|37(38|37|40 100 | 90
2012223124 | 25126 |27 |28 |29 |30
{12714 [I5[16 |17 181920
1213456 T7T]8|9]I0

Count backwards ba |0s.

70 | 60

2. Start at 9. Jump forward in tens. Draw it on the number line.

We can use the medium number sequence for adding.

We con add big numbers
using an EMPTY number: line!
53+30=
We can add I0s fo any number! 7+ | draw an empty number line.

y - llabel the 53.

) - There are 3 fens in 30!
+ | jump forward by 10 3 times!
+10 +10 +10 + llabel each jump!

' : ' > 53+30= 83

N
75 4
1
(V%)

[o o2

w

Notice that you start on the left, and jump forward in 10s to the right.

UNIT 3: THE MEASUREMENT PATHWAY



3. Solve by showing on a number line.

M

20+ 40 =

Y 1

50 +30 =

M

¥

)

7O+ 30=

4. Solve by showing on a number line

yi |

v

‘ 64 +20 =
<« > 13+ 20 =
«— > 57+30 =

5. Make a worksheet with 3 of your own examples like the ones in question 4.
Draw an empty nhumber line. Write the calculation next to each number line.

MATHS 4 PRIMARY TEACHERS PRACTICE WORKBOOK
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We can use the medium number sequence for subtracting.

We can add big numbers
using an EMPTY number line!

68 -30 =

- ldraw an empty number line.

| can subtract 10s from - llabel the 68.

) - 30is 3 fens.
any number! - | jump backwards by ten 3 times!
o o o - |label each jump!
, , ' > 68-30= 38

Notice that you start on the right, and jump back in 10s to the left.

6. Solve by showing on a number line

€ @; L71-20 =
€ —> 78-30 =
€ — 63-30 =

7. Make a worksheet with 3 of your own examples like the ones in question 6. Draw an
empty number line. Write the calculation next to each number line.

UNIT 3: THE MEASUREMENT PATHWAY @



# Task 3.2.3 Explore buckets and litres

1. First, specialise. Complete the examples of specific cases:

LA A A A
Ty

(012 (02

How many buckets

How many litres?

How many buckets

Ty

(012 (02 How many litres?

44

10 x 4

When | multiply by 10, | can count in I0s.
I keep track of how many IOs using my fingers.
We say, “H groups of 10.” We write: 10 x 4 = HO.

Calculate. Use your f ingers to l(eep track!

0 x 3 = 0 x 5 = 0 x 6 = 0 x 2 =

0 x | 10 x 4 0 x 8 = 0 x 10 =

2. Now, generalise. If we know the number of buckets, what do we always do to calculate the
number of litres?

INPUT OUTPUT

Litres
10
20

Buckets

N =
DOOU'I-POON—\



3. Write down an English sentence to explain how to get the number of litres, if you know the
number of buckets.

4. Write down a number sentence to explain how to get the number litres (L), if you know the
number of buckets (b).

5. The function to get from buckets to litres is x10. Write down the inverse function, which gets
you from litres to buckets.

6. Convert between kilolitres, litres and millilites

FUNCTION FUNCTION

CAPACITY kilolitres millilitres
(k&) (mf)

a. 1kilolitre = litres = millilitres

b. 2 kilolitres = litres = millilitres

c. 5Kkilolitres = litres = millilitres

d. kilolitre = 500 litres = millilitres

e. kilolitre =100 litres = millilitres

UNIT 3: THE MEASUREMENT PATHWAY @



/ Task 2.3.4 Show and explain a calculation (with humber pictures and number lines)

As a maths teacher you need to be able to calculate and explain you calculation to primary school
children.

Look back at task 1.3 on page 15. You had to show and explain how to do the calculation
92-58=..

That was near the beginning of the Emergent Number Sense module. You were using your
mental maps that you learnt at school. You did not yet know about the counting pathway and the
measurement pathway to learn about number.

1. USING NUMBER PICTURES (from the counting pathway),
show how to calculate 92 -58 = ....

2. Now write a paragraph to explain what to do to a child. Use the words, metaphors and
mental pictures from the COUNTING PATHWAY.

MATHS 4 PRIMARY TEACHERS PRACTICE WORKBOOK



4. USING NUMBER LINES (from the measurement pathway),
show how to calculate 92-58=....

5. Now write a paragraph to explain what to do to a child. Use the words, metaphors and
mental pictures from the MEASUREMENT PATHWAY.

6. Create your own subtract calculation that is like 92 - 58 = ...
Show three different ways to calculate.
You can use number pictures, number lines and number symbols)

UNIT 3: THE MEASUREMENT PATHWAY @



/ Task 3.2.5: Two minute tango — bring it all together

o)
O)
&
-
Q
)

3
= 363;362;361;369;___ Double 14=___
(o) 372;362; ___;342; .. Double _ =140
- If | decrease 700 by 10, | get ____ 73 -__=70
e~
0§ 3872-100=___ 73 +___ =80
40 + =100 60+___ =6
1000 - ___ =400 +10=60
__+7=20 600+___=6
___+70=200 ___+400=800
377+ ___ =380 (8x10) + (3x10) = _x10
—— s half way between 1000 and double 30 +double ___ = double 37
900 —

You should be fluent with all of the following:

MATHS 4 PRIMARY TEACHERS PRACTICE WORKBOOK



SUMMARY

Which concepts will you be tested on in Quiz 3.2?

What mental fluencies should you be practicing for Quiz 3.27
What marks did you get for your quizzes?

Which umthamo/imithamo do you still need to work on?

UNIT 3: THE MEASUREMENT PATHWAY
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Maths4 Primary teachers is a learning series for Bachelor of Education (B.Ed) students in Foundation
Phase and Intermediate Phase specialisations. Each module includes online materials, games,
practice tasks, summaries and short quizzes for students and lecturers in initial teacher education
settings.

Maths4 Primary teachers is aligned to the Primary Teacher Education (PrimTEd) standards which
have been agreed as the minimum core content for teachers of mathematics in primary schools in
South Africa.

The counting pathway The measurement pathway

5 is a movement of

5 is a collection of 5 discrete objects, <"y s : ) ) "*ﬁ s st [ i
" 5 steps/sections along a line.

One way to think about number is using the idea of Another way to think about number is using the idea of
elements in a container. movement along a path.

You arrange discrete objects into a set. You measure equal intervals along a line.
You arrange tomatoes on a plate. You take equal steps along a path.
This is the cardinal meaning of number. This is the ordinal meaning of number.

We represent cardinality using number pictures. We represent ordinality using a number line.

Underlying both ways of thinking about number is a structural approach involving patterns, functions
and algebra.

Emergent number sense answers questions such as:
» What are the pathways that children take into developing number sense?
» How do we move children away from always only counting in ones?
» Which representations are helpful to children as they start their journey into school mathematics?

» What games and learner activities can teachers use in maths lessons?

Emergent number sense attunes Intermediate Phase teachers to the origins of mathematics and to the
skills and representations that their grade 4, 5 and 6 learners should have already developed. It
provides many ideas and teaching tips for remediating gaps in mathematics learning.
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