
CHAPTER 2

PLACE VALUE

Pupils should be taught to: read, write and order whole numbers, recognizing
that the position of a digit gives its value; count on or back in tens or
hundreds from any two- or three-digit number; understand and use decimal
notation for tenths and hundredths in context: locate on a number line and
order a set of numbers or measurements written in decimal notation; recog-
nize thousandths; convert between centimetres and millimetres or metres,
then between millimetres and metres, and metres and kilometres, explaining
methods and reasoning.

In this chapter there are explanations of

� the way in which our Hindu-Arabic system of numeration uses the principle
of place value;

� some contrasts with numeration systems from other cultures;

� powers of ten;

� two ways of demonstrating place value with materials;

� the role of zero as a place holder;

� the extension of the place-value principle to tenths, hundredths, thousandths;
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What is meant by ‘place value’?

The system of numeration we use today is derived from an ancient Hindu system. It was
picked up and developed by Arab traders in the ninth and tenth centuries and quickly
spread through Europe. Of course, there have been many other systems developed by
various cultures through the centuries, each with their particular features. Comparing
some of these with the way we write numbers today enables us to appreciate the power
and elegance of the Hindu-Arabic legacy. There is not space here to go into much detail,

but the history of different numeration systems is
a fascinating topic, with considerable potential for
cross-curriculum work in schools, which will repay
further study by the reader.

The Egyptian hieroglyphic system, used as long
ago as 3000 BC, for example, had separate symbols
for ten, a hundred, a thousand, ten thousand, a
hundred thousand and a million. The Romans,
some 3000 years later, in spite of all their other

achievements, were using a numeration system which was still based on the same prin-
ciple as the Egyptians, but simply had symbols for a few extra numbers, including 5, 50
and 500. Figure 2.1 illustrates how various numerals are written in these systems and, in
particular, how the numeral 366 would be constructed. Looking at these three different
ways of writing 366 demonstrates clearly that the Hindu-Arabic system we use today is
far more economic in its use of symbols. The reason for this is that it is based on the
highly sophisticated concept of place value.

In the Roman system, for example, to represent three hundreds, three Cs are needed,
and each of these symbols represents the same quantity, namely, a hundred. Likewise, in
the Egyptian system, three ‘scrolls’ are needed, each representing a hundred. In the
Hindu-Arabic system we do not use a symbol representing a hundred to construct three
hundreds: we use a symbol representing three! Just this one symbol is needed to repre-
sent three hundreds, and we know that it represents three hundreds, rather than three
tens or three ones, because of the place in which it is written. The two sixes in 366, for
example, do not stand for the same number: reading from left to right, the first stands
for six tens and the second for six ones, because of the places in which they are written.

So, in our Hindu-Arabic place-value system, all numbers can be represented using a
finite set of digits, namely, 0, 1, 2, 3, 4, 5, 6, 7, 8, 9. Like most numeration systems, no
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� the decimal point used as a separator in the contexts of money and
measurement; and

� locating numbers written in decimal notation on a number line.

T E A C H I N G  P O I N T

When teaching about place value, give
appropriate credit to the non-European
cultures that have contributed so much
to the development of numeration.
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doubt because of the availability of our ten fingers for counting purposes, the system
uses ten as a base. Larger whole numbers than 9 are constructed using powers of
the base: ten, a hundred, a thousand, and so on. Of course, these powers of ten are not
limited and can continue indefinitely with higher powers. This is how some of these
powers are named, written as numerals, constructed from tens, and expressed as powers
of ten in symbols and in words:

A million 1000000 = 10 × 10 × 10 × 10 × 10 × 10 = 106

(ten to the power six).

A hundred thousand 100000 = 10 × 10 × 10 × 10 × 10 = 105 thousand
(ten to the power five).

Ten thousand 10000 = 10 × 10 × 10 × 10 = 104

(ten to the power four).

A thousand 1000 = 10 × 10 × 10 = 103

(ten to the power three).

A hundred 100 = 10 × 10 = 102

(ten to the power two).

Ten 10 = 10 = 101

(ten to the power one).

The place in which a digit is written then represents that number of one of these
powers of ten. So, for example, working from right to left, in the numeral 2345 the 5
represents 5 ones, the 4 represents 4 tens, the 3 represents 3 hundreds and the 2
represents 2 thousands. Perversely, we work from right to left in determining the place
values, with increasing powers of ten as we move in this direction. But, since we read
from left to right, the numeral is read with the largest place value first: ‘two thousands,
three hundreds, four tens, and five’. Certain conventions of language then transform
this into the customary form, ‘two thousand, three hundred and forty-five’. So, the
numeral 2345 is essentially a clever piece of shorthand, condensing a complicated
mathematical expression into four symbols, as follows:
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Egyptian hieroglyphics Roman numerals

V
X
L
C

D

CCCLXVI

Hindu-Arabic

1
5

10
50

100

500

366

Figure 2.1 Some numbers written in different numeration systems
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(2 × 103) + (3 × 102) + (4 × 101) + 5 = 2345.

Notice that each of the powers of ten is equal to ten times the one below: a hundred
equals 10 tens, a thousand equals 10 hundreds, and so on. This means that whenever you
have accumulated ten in one place this can be exchanged for one in the next place to the
left. This principle of being able to ‘exchange one of these for ten of those’ as you move
right to left along the powers of ten, or to ‘exchange ten of these for one of those’ as you
move left to right, is a very significant feature of the place-value system. It is essential for
understanding the way in which we count. For example, the next number after 56, 57,

58, 59 … is 60, because we fill up the units position
with ten ones and these are exchanged for an extra
ten in the next column.

This principle of exchanging is also fundamental
to the ways we do calculations with numbers. It is
the principle of ‘carrying one’ in addition (see
Chapter 6). It also means that when necessary we
can exchange one in any place for ten in the next
place on the right, for example, when doing sub-
traction by decomposition (see Chapter 6).

What are the best ways of explaining
place value in concrete terms?

There are two sets of materials which provide particularly effective concrete embodi-
ments of the place-value principle and therefore help us to explain the way our number
system works. They are (1) base-ten blocks and (2) 1 p, 10 p and £1 coins.

Figure 2.2 shows how the basic place-value principle of exchanging one for ten is built
into these materials, for ones, tens and hundreds. Note that the ones in the base-ten
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T E A C H I N G  P O I N T

In explaining place value to pupils use
the language of ‘exchanging one of
these for ten of those’ as you move right
to left along the powers of ten, and
‘exchanging ten of these for one of
those’ as you move left to right.

This block
is made up of
ten of these

This block
is made up of
ten of these

a hundred (a flat)

£1

a hundred (a pound)

a ten (a long)

10p

a ten (a ten-pence) a one (a penny)

a one (a unit)

This coin is
worth the same
as ten of these

This coin is
worth the same
as ten of these

1p

Figure 2.2 Materials for explaining place value
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blocks are sometimes referred to as units, the tens as longs and the hundreds as flats.
With the blocks, of course, ten of one kind of block do actually make one of the next
kind. With the coins it is simply that ten ones are
worth the same as one ten, and so on.

Figure 2.3 shows the number 366 represented
with these materials. Notice that with both the
blocks and the coins we have 3 hundreds, 6 tens
and 6 ones; that this collection of blocks is equiva-
lent to 366 units; and that the collection of coins is
worth the same as 366 of the 1p coins. Representing
numbers with these materials enables us to build up
images which can help to make sense of the way we do calculations such as addition and
subtraction by written methods, as will be seen in Chapter 6.

How does the number line support
understanding of place value?

The number line is an important image that is particularly helpful for appreciating
where a number is positioned in relation to other numbers. This positional aspect of
a number is much less overt in the representation of numbers using base-ten materi-
als. Figure 2.4 shows how the number 366 is located on the number line. The
number-line image shows clearly that it comes between 300 and 400; that it comes
between 360 and 370; and that it comes between 365 and 367. The significant mental
processes involved in locating the position of the number on the number line are
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T E A C H I N G  P O I N T

Use coins (1p, 10p and £1) and base-ten
blocks to develop pupils’ understanding
of the place-value system, particularly to
reinforce the principle of exchange.

tens

tens

10p

10p
10p

10p
10p

10p

ones

ones

1p

1p 1p

1p
1p

1p

hundreds

hundreds

£1

£1

£1

Figure 2.3 The number 366 in base-ten blocks and in coins
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counting in 100s, counting in 10s and counting in
1s. First you count from zero in 100s until you get
to 300: 100, 200, 300; then from here in 10s until
you get to 360: 310, 320, 330, 340, 350, 360; and
then in 1s from here until you get to 366: 361,
362, 363, 364, 365, 366.

The number-line image is also particularly signif-
icant in supporting mental strategies for calcula-
tions, as will be seen in Chapter 5.

What is meant by saying that zero is a place holder?

The Hindu-Arabic system was not the only one to
use a place-value concept. Remarkably, about the
same time as the Egyptians, the Babylonians had
developed a system which incorporated this princi-
ple, although it used sixty as a base as well as ten. But
a problem with their system was that you could not
easily distinguish between, say, three and three six-
ties. They did not have a symbol for zero. It is gener-
ally thought that the Mayan civilization of South

America was the first to develop a numeration system which included both the concept of
place value and the consistent use of a symbol for zero. Clearly, there is some rich poten-
tial here for the inclusion of a mathematical dimension for pupils studying, for example, the
ancient Egyptian and Mayan civilizations.

Figure 2.5 shows ‘three hundred and seven’ rep-
resented in base-ten blocks. Translated into symbols,
without the use of a zero, this would easily be con-
fused with thirty-seven: 37. The zero is used there-
fore to ‘hold the place’; that is, to indicate the
position of the tens’ place, even though there are no
tens there: 307. It is worth noting, therefore, that
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T E A C H I N G  P O I N T

Incorporate some study of numeration
systems into history-focused topics such
as Egyptian and Mayan civilizations, high-
lighting the advantages and significance
of the place-value system we use today.

T E A C H I N G  P O I N T

Give particular attention to the function
and meaning of zero when writing and
explaining numbers to pupils.

T E A C H I N G  P O I N T

Making the connection between numbers
and points on the number line provides
pupils with a powerful image to support
their understanding of number, empha-
sizing particularly the position of a
number in relation to other numbers.

0 100 200 300

300 310 320 330 340 350 360 370 380 390 400

400

300 360

366

Figure 2.4 The number 366 located on the number line

Haylock-02.qxd  10/5/2005  3:56 PM  Page 14



when we see a numeral such as 300, we should not think to ourselves that the 00 means
‘hundred’. It is the position of the 3 which indicates that it stands for ‘three hundred’; the
function of the zeros is to make this position clear whilst indicating that there are no tens
and no ones. This may seem a little pedantic, but it is the basis of the confusion that leads
some children to write, for example, 30045 for ‘three hundred and forty-five’.

What’s the difference between a ‘numeral’ and a ‘number’?

A numeral is the symbol, or collection of symbols, that we use to represent a number.
The number is the concept represented by the numeral. We have seen in Figure 2.1 that
the same number (for example, the one we call ‘three hundred and sixty-six’) can be
represented by different numerals, such as 366 and CCCLXVI. Because the Hindu-Arabic
system of numeration is now more or less universal, the distinction between the
numeral and the number is easily lost.

How does the place-value system work
for quantities less than one?

In exactly the same way. Once the principle of being able to ‘exchange one of these for
ten of those’ is established, we can continue with it to the right of the units position,
with tenths, hundredths, thousandths, and so on. These positions are usually referred
to as decimal places and are separated from the units by the decimal point. Since a
tenth and a hundredth are what you get if you divide a unit into ten and a hundred equal
parts respectively, it follows that one unit can be
exchanged for ten tenths, and one tenth can be
exchanged for ten hundredths. In this way the
principle of ‘one of these being exchanged for ten
of those’ continues indefinitely to the right of the
decimal point, with the values represented by the
places getting progressively smaller by a factor of
ten each time.
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hundreds onestens

Figure 2.5 Three hundred and seven in base-ten blocks

T E A C H I N G  P O I N T

Articulate the words ‘tenths’ and ‘hun-
dredths’ very carefully when explaining
decimal numbers; otherwise pupils may
think you are saying ‘tens’ and ‘hundreds’.
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A useful way to picture decimals is to explore
what happens if we decide that the ‘flat’ piece in
the base-ten blocks represents ‘one whole unit’.
In this case the ‘longs’ represent tenths of this
unit and the small cubes represent hundredths.
Then the collection of blocks shown in Figure 2.3
is made up of 3 units, 6 tenths and 6 hundredths.
This quantity is represented by the decimal
number 3.66. Similarly the blocks in Figure 2.5

would now represent the decimal number 3.07, that is, 3 units, no tenths and
7 hundredths.

Do you have to explain tenths, hundredths and decimal
places when you introduce decimal notation in the
contexts of money and measurement?

If we decide to call a pound coin the ‘unit’, then the collection of coins in Figure 2.3 also
represents the number 3.66, since the ten-penny coins are tenths of a pound and the
penny coins are hundredths of a pound. This makes sense, since this amount of money
written in pounds, rather than in pence, is recorded conventionally as £3.66.

In terms of decimal numbers in general, the function of the decimal point is to indicate
the transition from units to tenths. Because of this a decimal number such as 3.66 is read
as ‘three point six six’, with the first figure after the point indicating the number of tenths
and the next the number of hundredths. It would be confusing to read it as ‘three point

sixty-six’, since this might be taken to mean three
units and sixty-six tenths. There is a different con-
vention, however, when using the decimal point in
recording money: the amount £3.66 is read as
‘three pounds sixty-six’. In this case there is no
confusion about what the ‘sixty-six’ refers to: the
context makes clear that it is ‘sixty-six pence’. In
practice, it is in money notation like this that chil-
dren first encounter the decimal point. In this form
we use the decimal point quite simply as something
that separates the pounds from the pennies – so
that £3.66 represents simply 3 whole pounds and
66 pence – without any awareness necessarily that
the first 6 represents 6 tenths of a pound and the

next 6 represents 6 hundredths. It is because the decimal point here is effectively no more
than a separator of the pounds from the pennies that we have the convention of always
writing two figures after the point when recording amounts of money in pounds. So,

16 MATHEMATICS EXPLAINED FOR PRIMARY TEACHERS

T E A C H I N G  P O I N T

Explain decimal numbers by using the
flat pieces in the base-ten materials to
represent units; then the longs can rep-
resent tenths and the small cubes can
represent hundredths.

T E A C H I N G  P O I N T

Children will first encounter the decimal
point as a separator in the context of
money (pounds and pence) and then
in the context of length (metres and
centimetres), with two figures after the
point. They can use the notation in these
contexts initially without having any real
awareness of figures representing tenths
and hundredths.

Haylock-02.qxd  10/5/2005  3:56 PM  Page 16



for example, we would write £3.20 rather than £3.2, and read it as ‘three pounds twenty
(meaning twenty pence)’. By contrast, if we were working with pure decimal numbers
then we would simply write 3.2, meaning ‘3 units and 2 tenths’.

Since there are a hundred centimetres (cm) in a metre (m), just like a hundred pence
in a pound, the measurement of length in centimetres and metres offers a close parallel
to recording money. So, for example, a length of 366 cm can also be written in metres, as
3.66 m. Once again the decimal point is seen simply as something which separates the
3 whole metres from the 66 centimetres. In this con-
text it is helpful to exploit pupils’ familiarity with
money notation and press the parallel quite strongly,
following the same convention of writing two figures
after the point when expressing lengths in metres,
for example, writing 3.20 m rather than 3.2 m.
We can then interpret this simply as three metres
and twenty centimetres. I shall explain in Chapter 15
how this convention is very useful when dealing with
additions and subtractions involving decimals.

This principle then extends to the measurement
of mass (or, colloquially, weight: see Chapter 22) where, because there are a thousand
grams (g) in a kilogram (kg), it is best, at least to begin with, to write a mass measured in
kilograms with three figures after the point. For example, 3450 g written in kg is 3.450 kg.
The decimal point can then simply be seen as some-
thing that separates the 3 whole kilograms from the
450 grams. Similarly, in recording liquid volume and
capacity, where there are a thousand millilitres (ml)
in a litre, a volume of 2500 ml is also written as 2.500
litres, with the decimal point separating the 2 whole
litres from the 500 millilitres.

So, when working with primary-school children,
it is not necessary initially to explain about tenths
and hundredths when using the decimal point in
the context of money, length and other measure-
ment contexts. To begin with we can use it simply as
a separator and build up the pupils’ confidence in handling the decimal notation in these
familiar and meaningful contexts. Later, of course, money and measurement in general
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T E A C H I N G  P O I N T

The use of the decimal point as a sepa-
rator can extend to further experience
of decimal notation in the contexts of
mass (kilograms and grams) and liquid
volume and capacity (litres and millil-
itres), with three figures after the point.

1 unit 3 tenths

5 hundredths

Figure 2.6 The decimal number 1.35 shown as a length

T E A C H I N G  P O I N T

Once pupils are confident with using
the decimal point as a separator in
money and measurement these contexts
can be used to reinforce the explana-
tion of the idea that the figures after
the point represent tenths, hundredths
and thousandths.
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will provide fertile contexts for explaining the ideas of tenths, hundredths and
thousandths. For example, a decimal number such as 1.35 can be explained in the context
of length by laying out in a line 1 metre stick, 3 decimetre rods (tenths of a metre) and
5 centimetre cubes (hundredths of a metre), as shown in Figure 2.6. This can then be
connected with the number-line image of numbers, where 1.35 is now represented by
a point: the point you get to if you start at zero, count along 1 unit, 3 tenths and then
5 hundredths, as shown in Figure 2.7.

Note again how the image of the number line enables us to appreciate the position
of the number 1.35 in relation to other numbers: for example, it lies between 1 and 2;
it lies between 1.3 and 1.4; it lies between 1.34 and 1.36.
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Since the essence of our number system is the principle of place value, it seems natural to
assume that a thorough grasp of place value is essential for young children before they can
successfully move on to calculations with two- or three-digit numbers. Ian Thompson has
undertaken a critical appraisal of this traditional view, (Thompson, 2000). Considering the
place-value principle from a variety of perspectives, Thompson concludes that the principle
is too sophisticated for many young children to grasp. He argues that many of the mental
calculation strategies used by children for two-digit addition and subtraction are based not
on a proper understanding of place value but on what he calls quantity value. This is being
able to think of, say, 47 as a combination of 40 and 7, rather than 4 tens and 7 units.
A subsequent research study with 144 children aged 7 to 9 years (Thompson and Bramald,
2002) demonstrated that only 19 of the 91 children who had successful strategies for
adding two-digit numbers had a good understanding of the place-value principle. The
National Numeracy Strategy in England (DfEE, 1999) encourages approaches to teaching
calculations with younger children that are consistent with these findings. These include:
delaying the introduction of column-based written calculation methods; emphasis on the
position of numbers in relation to other numbers through spatial images such as hundred
squares and number lines; practice of counting backwards and forwards in 1s, 10s, 100s;
and mental calculation strategies based on the ideas of quantity value.

R E S E A R C H  F O C U S

1 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2

1.35

Figure 2.7 The decimal number 1.35 as a point on a number line
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Suggestions for further reading

Haylock, D. and Cockburn, A. (2003) Understanding Mathematics in the Lower Primary

Years: A Guide for Teachers of Children 3–8, 2nd Edition. London: Paul Chapman Publishing.
Chapter 1: Making connections.

In this chapter we use the concept of place value to illustrate a model of understanding in
mathematics: the building up of networks of connections between concrete situations, language,
pictures and symbols.

Hughes, M. (1986) Children and Number: Difficulties in Learning Mathematics. Oxford:
Blackwell. Chapter 6: Written number systems of other cultures. 

Martin Hughes provides useful information here about the written numeration systems of various
cultures and draws some fascinating parallels with the representations of number used by young
children.

Nunes, T. and Bryant, P. (1996) Children Doing Mathematics. Oxford: Blackwell. Chapter 3:
Understanding numeration systems.

The authors provide here an insightful and scholarly study of young children’s understanding of
numeration systems. The authors show that there is more to this understanding than just count-
ing and they explore the significance of the fundamental principle of numbers being formed by
the additive composition of units of different values.

Thompson, I. (2003) ‘Place value: the English disease?’ in I. Thompson (ed.), Enhancing

Primary Mathematics Teaching. Maidenhead: Open University Publications. Chapter 15.

Ian Thompson returns here to his argument about place value, proposing convincingly that
primary mathematics teaching in England has traditionally put too much emphasis on this
principle and underestimated its sophistication and difficulty for pupils.

Self-assessment questions

2.1: Arrange these numbers in order from the smallest to the largest, without converting them
to Hindu-Arabic numbers: DCXIII, CCLXVlI, CLXXXVIII, DCC, CCC. Now convert them to
Hindu-Arabic, repeat the exercise and note any significant differences in the process.

2.2: Add one to four thousand and ninety-nine.
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Department for Education and Employment (DfEE) (1999) The National Numeracy Strategy,
Framework for Teaching Mathematics from Reception to Year 6. Sudbury: DfEE Publications.

Thompson, I. (2000) ‘Teaching place value in the UK: time for a reappraisal?’, Educational
Review, 52(3): 291–8.

Thompson, I. and Bramald, R. (2002) An Investigation of the Relationship between Young
Children’s Understanding of the Concept of Place Value and their Competence at Mental
Addition. Newcastle: University of Newcastle Department of Education.
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2.3: Write these numbers in Hindu-Arabic numerals, and then write them out in full using
powers of ten: (a) five hundred and sixteen; (b) three thousand and sixty; and (c) two
million, three hundred and five thousand and four.

2.4: I have 34 one-penny coins, 29 ten-penny coins and 3 pound coins. Apply the principle of
‘exchanging ten of these for one of those’ to reduce this collection of coins to the smallest
number of 1 p, 10 p and £1 coins.

2.5: Interpret these decimal numbers as collections of base-ten blocks (using a ‘flat’ to
represent a unit) and then arrange them in order from the smallest to the largest: 3.2,
3.05, 3.15, 3.10.

2.6: There are a thousand millimetres (mm) in a metre. How would you write lengths of
3405 mm and 2500 mm in metres?

2.7: How should you write (a) 25 p in pounds; (b) 25 cm in metres; (c) 7 p in pounds; (d) 45 g
in kilograms; (e) 50 ml in litres; and (f ) 5 mm in metres?

2.8: Fill in the boxes with single digits: on a number line, 3.608 lies between � and �; it lies between
�.� and �.�; it lies between �.�� and �.��; it lies between �.��� and �.���.

Glossary of key terms introduced in Chapter 2

Numeral: the symbol used to represent a number; for example, the number of children in a
class might be represented by the numeral 30. 

Digits: the individual symbols used to build up numerals in a numeration system; in our Hindu-
Arabic system the digits are 0, 1, 2, 3, 4, 5, 6, 7, 8 and 9.

Place value: the principle underpinning the Hindu-Arabic system of numeration in which the
position of a digit in a numeral determines its value; for example, ‘6’ can represent six, sixty, six
hundred, six tenths, six hundredths, and so on, depending on where it is written in the numeral.

Exchange: the principle at the heart of our place-value system of numeration, in which ten in
one place can be exchanged for one in the next place to the left, and vice versa; for example, 10
hundreds can be exchanged for 1 thousand, and 1 thousand can be exchanged for 10 hundreds.

Power: a way of referring to a number repeatedly multiplied by itself; for example,
10 × 10 × 10 × 10 is referred to as ‘10 to the power 4’, abbreviated to 104.

Base: the number whose powers are used for the values of the various places in the place-value
system of numeration; in our system the base is ten, so the places represent powers of ten,
namely, units, tens, hundreds, thousands, and so on.

Place holder: the role of zero in the place-value system of numeration; for example, in the
numeral 507 the 0 holds the tens place to indicate that there are no tens here. Without the use
of zero as a place holder there would just be a gap between the 5 and the 7.

Number line: a straight line in which points on the line are used to represent numbers,
emphasizing particularly the order of numbers and their positions in relation to each other.

Decimal point: a punctuation mark (.) required when the numeration system is extended to
include tenths, hundredths and so on; it is placed between the digits representing units and tenths.

Separator: the function of the decimal point in the contexts of money and other units of
measurements, where it serves to separate, for example, pounds from pence, or metres from
centimetres.
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