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Measurement

Length, Area and Volume



Measurement

“Data from international studies consistently indicate
that students are weaker in the area of measurement
than any other topic in the mathematics curriculum”

Thompson & Preston, 2004


Presenter
Presentation Notes
Is this because we concentrate on number and if we have time we fit measurement in?
Students can parrot the formula but need to be exposed to irregular shapes and problem solving to consolidate learning



Measurement

When to use

Foundation

Compares objects directly by placing one object
against another to determine which is longer,
hefting to determine which is heavier or pours to
determine which holds more, and uses terms such
as tall, taller, holds more, holds less

Hefting -lift or hold (something) in
order to test its weight.



Presenter
Presentation Notes
Measurement begins at foundation and goes through to Yr 12
Looking at the verbs is important
Preps – make your body as tall as can be, wide, nearest to the table etc


Measurement

When to use

Level 6
Connect decimal representations to the metric system

(ACMMG135)

Convert between common metric units of length, mass
and capacity (ACMMG136)

Solve problems involving the comparison of lengths and
areas using appropriate units(ACMMG137)

Connect volume and capacity and their units of
measurement (ACMMG138)


Presenter
Presentation Notes
Look at verbs – different skills required


Measurement

When to use

Level 7

Establish the formulas for areas of rectangles, triangles
and parallelograms and use these in problem solving
(ACMMG159)

Calculate volumes of rectangular prisms (ACMMG160)



Presenter
Presentation Notes
Important to look beyond for the students needing extension


Measurement

Where it fits

Measurement integrates in all subject areas

Number and Place Value — measuring objects connects
idea of number to the real world, enhancing number
sense. The metric system of measurement is built on

the base ten system


Presenter
Presentation Notes
Calculations used in measurement – e.g. conversion essential understanding of multiplication and division using zeros


Measurement

History

e The decimal metric system was created by the French in 1799

e The British introduced a system based on the centimetre, gram and second
in 1874, which was used for scientific experimentation but for everyday use
they retained the Imperial System with its feet, inches, miles, furlongs etc.
Australia inherited this system at the time of European settlement

* |n 1939 an international system was adopted based on the metre, kilogram
and second

* In 1970 the Australian parliament passed the Metric Conversion Act and the
Australian building trades made it the standard in 1974


Presenter
Presentation Notes
History important to give students meaning – pose the question ‘Do you think there will be another system introduced?’
Netball court - 30.5m long and 15.25m wide
3 feet rule
Builders all use mm


Measurement

Where does It fit?

Geometry — measurements play a significant role in the
describing and understanding of the properties of
shapes. In later levels this is needed for knowledge in
trigonometry.

Can a square be a rectangle?

Can a rectangle be a square?



Presenter
Presentation Notes
Talk to partner
Discuss properties of a a square and rectangle.  


Measurement

Sguare v Rectangle

Four sided shape Four sided shape

Every angle is a right angle Every angle is a right angle
Opposite sides are parallel Opposite sides are parallel

All four sides are equal length Opposite sides are equal length

A square is arectangle as it satisfies all of its properties. However, not every
rectangle is a square, to be a square its sides must have the same length.


Presenter
Presentation Notes
Talk to partner
Discuss properties of a a square and rectangle.  


Measurement

Where does It fit?

Data and Statistics - stats and graphs help answer
guestions and describe our world. Often these
descriptions are related to measurement such as time
or temperature

POPULATION DENSITY FOR SELECTED EUROPEAN CITIES
People per square km (thousands)
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Presenter
Presentation Notes
You can also revisit some measurement in your stats lessons – good to use stats that will address other areas in Mathematics
Try graphing heights instead of favourite footy team


Measurement

Percentage decline advanced mathematics

Year
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Source: Frank Barrington, Year 12 Mathematics Participation Rates in Australia, data collection provided to AMSI


Presenter
Presentation Notes
In stats class you can also discuss the importance of choosing Maths



Measurement

Year 12 Advanced mathematics students in Australia
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Source: Frank Barrington, Year 12 Mathematics Participation Rates in Australia, data collection provided to AMSI


Presenter
Presentation Notes
In stats class you can also discuss the importance of choosing Maths



Measurement

How to introduce units

e Familiarity with the unit

e Ability to select an appropriate unit

 Knowledge of relationships between units

(Elementary and Middle School Mathematics)


Presenter
Presentation Notes
Importance of visualisation.  Is my answer realistic?  When students are converting if they have the wrong answer I will get a ruler out and ask them to show me both responses and ask are they the same?  


Measurement

Familiarity

“40% Yr. 4 students were able to identify how many kg
a bicycle weighed given the choices were 1.5kg, 15kg,
150kg or 1500kg”




Measurement

Familiarity

Ability to visualise

e How much milk does a carton of milk contain?
e How long is a basketball court?

 How far is the petrol station from school?
 What does a block of chocolate weigh?

Level 5

Chooses appropriate units of measurement for length, area, volume,
capacity and mass, recognising that some units of measurement are better
suited for some tasks than others, for example, km rather than m to measure
the distance between two towns


Presenter
Presentation Notes
Give students a framework to work from (if milk is a litre that would make -----, that distance would be a lot further than the petrol station so -----)
Activity - Scavenger hunt around school – collect or photograph
      - find (or photograph) 5 objects approximately 3m in length 
     -  object that weighs more than 1kg but less than 5kg 
What’s 50m in footy?



Measurement

ADbility to select appropriate units

What unit would you use to find the
weight of the iPad?

kilograms
centimetres
grams

O O ™ >

cm?



Presenter
Presentation Notes
Understanding and justification
Could intro hectares 10 000 sq m & tonnes 1000kg


Measurement
ADbility to select appropriate units

UNITS OF MEASUREMENT

Look at the measures below.
Which TWO units should Jack
use to measure CAPACITY?

Click on the correct boxes. % ’

militre
B gram
mikilogram

mEkilometre -

Himetre

mlmillilitre (

http://www.bgfl.org



Presenter
Presentation Notes
Lots of interactive sites available


Measurement

Knowledge of relationships

Picture Books
- Loreen Leedy -

Measuring Penny -Loreen Leedy

5. ahetti and Meatbsy
g??ug. F\“I‘ A Mathematica) ﬁﬂj ‘

Spaghetti and Meatballs for All!
- Marilyn Burns



Presenter
Presentation Notes
Different year levels different foci
Measuring Penny – measures the dog using informal and formal (tail by how many dog biscuits, uses a ruler paw print etc)
Spag & Meatballs – there are 8 x 4 seated tables and 32 guests – arrange taking into account seating preferences


Measurement

Conversion

+10 +100 + 1000
mm cm m km
x 10 x 100 x 1000 x 1000 x 100
+ 1000 +100
Level 6

Converts between common metric units of length, mass and capacity (identifying and using the correct
operations when converting units including millimetres, centimetres, metres, kilometres, milligrams, grams,

kilograms, tonnes, millilitres, litres, kilolitres and mega-litres


Presenter
Presentation Notes
Commonly see first one in text – can be problematic as the arrow goes to the right whereas students move the decimal point to the left.  Second flowchart does not have that issue however not common to write largest unit to smallest.  
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Presenter
Presentation Notes
Maybe a solution is to do flowchart downwards. Or show all three ways and discuss with students – will enable them to become more aware
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Presenter
Presentation Notes
Maybe a solution is to do flowchart downwards. Or show all three ways and discuss with students – will enable them to become more aware



Measurement

Conversion

x 1000° x 100 x 102

I

+ 10002 +1002 =102

2

Level 8

Chooses appropriate units of measurement for area and volume and converts
from one unit to another. Recognises that the conversion factors for area of
units are the squares of those for the corresponding linear units and for
volume, units are the cubes of those for the corresponding linear units


Presenter
Presentation Notes
Students in upper primary do make the mistake of converting area answer without this knowledge.  Either get them to convert at length stage or explain this
Volume you put cubed


Measurement

Prefixes

Prefix Label Decimal Value Scientific  Colloquial
yocto y 0.000 000 000 000 000 000 000 001 10% septillionth
zepto z 0.000 000 000 000 000 000 001 10% sextillionth

atto a 0.000 000 000 000 000 001 107 quintillionth
femto f 0.000 000 000 000 001 10" quadrillionth
pico p 0.000 000 000 001 10 trillionth
nano n 0.000 000 001 107 billionth
micro M 0.000 001 10° millionth
milli m 0.001 10° thousandth
centi c 0.01 107 hundredth
deci d 0.1 10" tenth
- — 1 10° one
deka da 10 10° ten
hecto h 100 102 hundred
kilo k 1000 10° thousand
mega M 1 000 000 10° million
giga G 1 000 000 000 10° billion
tera T 1 000 000 000 000 102 trillion
peta P 1 000 000 000 000 000 10" quadrillion
exa E 1 000 000 000 000 000 000 10" quintillion
zetta Z 1 000 000 000 000 000 000 000 107" sextillion
Level 6

Recognises the significance of the prefixes in the units of measurements
e.g.: milli = 1000t ,mega = one million, kilo= 1000, centi = 100t


Presenter
Presentation Notes
Students do not need all these but they are very interested.  Good to visit vocab of meaning of prefixes (ties in with English base words)


Measurement
Prefixes

l.:! :
"

1 light year = 9.4605284 x 10> metres https://www.youtube.com/watch?v=bhofN1xX6u0


Presenter
Presentation Notes
Starts with a hoola hoop in Venice and what you can see as you are getting further away and vice versa
Start at 3.46 min
Need to explain to students what a light year
a unit of astronomical distance equivalent to the distance that light travels in one year


https://www.youtube.com/watch?v=bhofN1xX6u0

Measurement
Estimation
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http://www.aamt.edu.au/digital-resources/R10267/index.html


Presenter
Presentation Notes
Task to complete – estimate the giants height. Discuss different peoples strategies
Foot of man 2cm foot of giant 18cm – assuming man was 6ft giant would be 54 ft


Measurement

Using Instruments

Measuring when the object is not aligned with the end
of the ruler

i(——— -
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Omm 10 20 30 40 50 60 70 80 90 100 110 120 130

Reading from a tape measure



Presenter
Presentation Notes
Problems students can face
Tape measures-  the 1, 2 etc. are repeated some students do not go back to nearest 10 or metre
Tape measure  - some are still in feet inches
My class had difficulty measuring the dimensions of the classroom – the actual measuring became a lesson that I had not planned (and this was Year 6!)


Measurement

Using Instruments

Increments on the measuring device when not one
unit.
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Level 4
Uses graduated scaled instruments to measure and compare

lengths, masses, capacities and temperatures


Presenter
Presentation Notes
Syringe – Where do you draw the medication up to  
Jug – What would the blank lines indicate  
Scales – What does the 200, 400 mean? How could you write that as a decimal etc. etc.


Measurement

Perimeter

The word perimeter means 'a path that surrounds an
area'. It comes from the Greek words peri meaning
around and metre which means measure. Its first
recorded usage was during the 15th century.

Perimeter is defined as the distance around a
closed two-dimensional shape.

Level 5
Calculates the perimeter and area of rectangles using familiar metric units.

Explores efficient ways of calculating perimeters by adding the length and
width together and doubling the result



Measurement

Perimeter

_W

Perimeter=|l+|l+w+w
= 2l + 2w
=2 (1 +w)

Do not%

internal line



Presenter
Presentation Notes
Inferred sides
Common mistake – internal lines
*Not adding straight lines to arcs


Measurement

Area

Area is defined as a 2D space inside a region

e Measured in units squared


Presenter
Presentation Notes
Which of these can I find the area of? If you pose this question starts conversation (students assume there is a trick)
Can be any 2D shape – not just formal shapes
Good to give them realistic photos also so when they get a problem solving task helps to apply
What unit could each be measured in?


Measurement

Area

Cutting a shape into different parts and reassembling it
shows that different shapes can have the same area

Use of tangrams
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Presenter
Presentation Notes
Area not just standard shapes


Measurement

Level 2
Compares and orders several shapes
and objects based on length, area,
volume and capacity using appropriate
uniform informal units

Level 4
Compares objects using familiar metric units of area (grid paper)


Presenter
Presentation Notes
Year 1starts with informal units – talk about standardized units (can you use a penguin, giraffe and bear at the same time?)
Move to counters or blocks
Moves to grid
Last image - understand it is related to multiplication arrays and that three different rectangles have the same area


Measurement

Area

A 8 cm by 3 cm rectangle contains 8 x 3 = 24 squares,
each with an area of 1 square centimetre. So the area
of the rectangle is 24 square centimetres, or 24 cm?

T R VP N I VO N 8cm

8cm

Area=1|xw
= 8cm X 3cm
=24 cm?


Presenter
Presentation Notes
With rectangle discuss info given in diagram (at times put 4 measurements they will multiply all)


Measurement

Area
Multiplication Table grid game



Presenter
Presentation Notes
Person 1 tosses two die -throws 2 and 4 - draws this as a rectangle on grid
Person 2 has a turn but fills in their own grid
Person 1 throws again throws a 3 6 and marks on the grid
Continues until first person fills the whole grid with no spaces
You can get them to write the 3x6=18 inside rectangle if you want to reinforce array and tables


Measurement

Area
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Presenter
Presentation Notes
Comes as an app on the iPad
Multiplier
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Presenter
Presentation Notes
You need to indicate on the grid where to place and the table on the side will go grey.  Becomes problem solving as well as you need to complete grid with only the table sgiven to you


Measurement

Area

3 om Method 1
Area =4x2 + 3x8
= 8 + 24
=32 cm?
Method 2
2 om Area = 3x4 + 4x5
= 12 +20
= 32 cm?
4 cm
Method 3
Area = 5x8 —4x2
=40 - 8
c =32cm?
cm
Level 9

Calculates the areas of composite shapes


Presenter
Presentation Notes
Discuss inferred sides
Discuss the 8 and 4 not being to scale
Ask to calculate the area and explain how
Ask for different methods
Discuss not to just model one way


Measurement

Area

Use of subtraction method

Level 9
Calculates the areas of composite shapes


Presenter
Presentation Notes
Use of subtraction needed here


Measurement

Perimeter and Area Relationship

On the grid paper sketch as many different rectangles
you can using 12 squares only

Inside each rectangle write its area and perimeter

What do you notice?


Presenter
Presentation Notes
Activity – don’t need grid paper for this session – would use in class though
Rectangles that have the same area do not necessarily have the same perimeter
Could also discuss largest area
Could also go back to the student tangram activity and highlight the same concept



Measurement
Perimeter and Area relationship

ch

Two shapes with the same perimeter N
but different areas '

Two shapes with the same area but

different perimeters

Make a shape —try to change it to a

shape that the area decreases but
the perimeter increases



Presenter
Presentation Notes
Explore relationships further
Use of different paper/ concrete aids


Measurement

Problem Solving

The landscape gardeners have thirty-six square paving
tiles to make a rest area in the middle of a lawn. To make
it easy to mow they want the rest area to be rectangular in

shape and have the least perimeter as possible.
How can they arrange the tiles?

http://nzmaths.co.nz/


Presenter
Presentation Notes
NZ Maths excellent go to resource 


Measurement

Problem Solving

Level 3 Problems

The problems have been grouped below by Strand.

Geometry Measurement Statistics
Kitchen Floor Tims Tri Dressing
Treasure Map Adams ﬁatch Grabbing Cds
LCopyCats ThousandSec Coin Shake
Parking meters Trainin

Number Algebra Logic and Reasoning
Basketball Ca Shaking Hands Brian's Pegboard |
Pocket Money Toothpick squares Ho Three in a Line
Leos in Barn Hace to 100
ﬁﬁ Problem ake Two
At the movies Farm Sheep |
Fathers Day Card Sara’s 1able
My Dogs Bill's Number Plate

ount to 1000 Multiples of a
Super Darts Triangular Numbers

arts

[t LLFF . i
3c and 5c Stamps
Make 4.753

Invent A Problem
uares

1
Decimal Magic Squares
nangle sums



Presenter
Presentation Notes
Problem Solving is listed by level and then broke into subject areas
These are incremental
e.Even more pizza in level 2 it is pizza
Lollies lollies lollies level 2 is lollies, lollies etc


Measurement

Problem Solving

Achievement . .
Objecti Learning Qutcomes Unit title
e demonstrate a personal benchmark for 1 metre, 1/2 metre Making Benchmarks
» identify and use external benchmarks to carry out practical measuring tasks
e discuss the need for having and using standard measures of length
* make sensible estimates about the lengths of given objects
« recognise the need for a standard unit of length Pirate Plays
s recognise a metre length
T « estimate and measure to the nearest metre
» carry out practical measuring tasks using appropriate metric units. Make a measurement trail
« make measurement estimates using appropriate metric units
* pose measurement questions
« recognise the need for a standard unit of length All About Me
s recognise a centimetre length
« estimate and measure to the nearest centimetre
» estimate using metres and centimetres Paper Planes L2
« measure to the nearest metre and centimetre
GMZ-1
GM2-2

find objects that they estimate to be a 1cm, 10cm, 50cm and one metre long
measure lengths of approximately one metre to the nearest cm

Scavenger Hunt



Presenter
Presentation Notes
If you click on subject area e.g. measurement it is broken into levels with hyperlinked units


Measurement

Triangles

Area of a triangleis A = % bh

Level 7
Establishes the formulas for areas of rectangles, triangles and
parallelograms and uses these in problem solving


Presenter
Presentation Notes
As long as the height and the base are the same A=1/2 bh


Measurement

Triangles

Is the area of this triangle half of the area of this
rectangle?



Presenter
Presentation Notes
As long as the height and the base are the same A=1/2 bh


Measurement
Height and base

Failure to conceptualise the meaning of height and
base in 2 dimensional figures

e Ask the question “What happens when we turn the
triangle around and thus choose a different height
and base?”

The height is always perpendicular (at a right angle) to

the base

f base ——



Presenter
Presentation Notes
Give students all different labelled diagram to ensure meaning of perpendicular height


Measurement

Triangles

Finding the area of any triangle when given the
lengths of all three of its sides.

Use "Heron's Formula” or sometimes referred
to as ‘Hero’s Formula”

Heron's formula is named after Hero of Alexandria,
a Greek Engineer and Mathematician in 10 - 70 AD.

< 5 >

Step 1: Calculate "s"
s=+(a+b+c) half of the triangles perimeter

Step 2: Then calculate the Area:

A= \/s(s—a)(s—b)(s—c) Level 10A
Establish the sine, cosine and area rules for any triangle and
solve related problems


Presenter
Presentation Notes
In younger years if there is a question of how to do this instead of saying it cannot be done it is good to inform them that it can be calculated and they will be doing that in the years to come or specifically Year 10


Measurement

Triangles

Finding the area of any triangle when given two
sides and the included angle

/

Area = +ab sin C

Area =+bcsin A

Area=1casinB

Level 10A
Establish the sine, cosine and area rules for any triangle and
solve related problems


Presenter
Presentation Notes
This standard is found in the trig section of Measurement and Geometry


Measurement

Parallelogram

Two triangles will always form
a parallelogram with the same

base and height.
b

—_ — = = A

Transforming a parallelogram Area = bh
into a rectangle


Presenter
Presentation Notes
Instead of just telling students the formulas get them to formulate – they will have a better chance of retaining


Measurement

Trapezium
a b
AN WY
b a
A

a+b

Two congruent trapezoids always make a parallelogram
which helps explain the formula below
A = Lheight x (a + b)

Level 8
Find perimeters and areas of parallelograms, trapeziums, rhombuses and kites


Presenter
Presentation Notes
Congruent definition – identical in form
Remind – area of parallelogram is A = bh


Measurement

Circles

Draw four different size circles and label A, B, C, D
Measure the diameter and circumference for each
circle

Fill in the following table

O 0O mw >

Level 8
W h at d O yO un Ot ICe ? Investigates the relationship between features of circles such

as circumference, area, radius and diameter. Uses formulas
to solve problems involving circumference and area


Presenter
Presentation Notes
This activity helps students discover the relationship. Pi is not just a button we push on the calculator


Measurement

Circles

/' .
8 sectors can form a near parallelogram l
x
+ = TTr2
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I
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Presenter
Presentation Notes
Activity to do with your class


Measurements

Capacity and Volume

Capacity is how much the container is able to hold
- How much wine can be stored?

Volume is the measure of the space taken up by
something (this includes the keg itself)

Level 6
Connects volume and capacity and their units of measurement
(e.g. recognise that 1mL is equivalent to 1cm3)


Presenter
Presentation Notes
These definitions are not always understood


Measurements
Capacity and Volume

Does this show the volume or capacity of the lift?

Do you measure the volume or capacity of a brick?


Presenter
Presentation Notes
Answer – capacity


Measurement

Volume

Why is the volume of a prism equal to area of base
multiplied by height?

2

https://www.youtube.com/watch?v=xO-rfvp6uNY

Level 7
Calculates volumes of rectangular prisms


Presenter
Presentation Notes
Lots of you tube clips to interactively show or use the MAB blocks of 100 – they stack up easily

https://www.youtube.com/watch?v=xO-rfvp6uNY
https://www.youtube.com/watch?v=xO-rfvp6uNY
https://www.youtube.com/watch?v=xO-rfvp6uNY
https://www.youtube.com/watch?v=xO-rfvp6uNY
https://www.youtube.com/watch?v=xO-rfvp6uNY
https://www.youtube.com/watch?v=xO-rfvp6uNY
https://www.youtube.com/watch?v=xO-rfvp6uNY
https://www.youtube.com/watch?v=xO-rfvp6uNY
https://www.youtube.com/watch?v=xO-rfvp6uNY

Measurement

Volume

Which is the base?

3 cm

Level 8

Develops the formulas for volumes of rectangular and triangular
prisms and prisms in general. Uses formulas to solve problems
involving volume


Presenter
Presentation Notes
Careful of the terminology of base in the formula. Students will often think the base is a rectangular. The cross section is a triangle
Next slide explains cross section


Measurement

Volume

Cross section

If you take a solid and slice it, then the face you create
is called a cross-section and the area of the face is
called the cross-sectional area.

A prism is a solid with straight sides which has the
same cross-sections.



Presenter
Presentation Notes
Use toblerone as a practical example


Measurement

Volume

Volume of a prism = Area of base (cross section) x height

ﬂ
N

f=101m

6

A=155m*

Volume = Area of base x height Volume = Area of base x height
=15.5x 10 = mréh
=155m? Level 9

Calculates the surface area and volume of cylinders
and solves related problems


Presenter
Presentation Notes
Cylinder – discuss if you know area of a circle you know this
You don’t have to know all formula for volume
This should eliminate some confusion with a problem solving (eg an octagonal prism – student would panic and say I don’t know the formula)


Measurement

Prism and Pyramid

Investigation

How many times can a pyramid fit into a prism, both
with the same base and height?

Volume of a pyramid =% Area of base x height

Level 10A
Solve problems involving surface area and volume of right pyramids,
right cones, spheres and related composite solids


Presenter
Presentation Notes
Demo using coloured sand


Measurement

Total Surface Area

The total area of all surfaces of a three-dimensional
object

The surface area of a tissue box (rectangular prism) is
the area of all 6 faces added together

e concrete materials
* nets
e creation of nets

Level 9
Calculates the surface area and volume of
cylinders and solves related problems


Presenter
Presentation Notes
Demonstration using a tissue box
Nets very important for problem solving
Students can identify but struggle with creating


Measurement

Total Surface Area

Use of nets
What size label do | need for a can of soup?

(2

2171

O

Level 9 - Calculates the surface area and volume
of cylinders and solves related problems



Presenter
Presentation Notes
This is more difficult without knowledge of nets


Measurement

Volume and Total Surface Area

Using 12 cubes construct four different arrangements

For each arrangement write the volume and the
Total Surface Area

What do you notice?

Level 10
Solve problems involving surface area and volume for a
range of prisms, cylinders and composite solids


Presenter
Presentation Notes
Good activity to dispel some students confusion. When taught individually students cope but when asked students do commonly interchange


Measurement

Weight and Mass

Mass - amount of matter in an object

Weight - measure of the pull of gravity on an object

If you were to go to the moon would an object weigh
less or more than the same object on Earth?

If you were to go to the moon would an objects mass
change?


Presenter
Presentation Notes
On the moon gravity is much less than on earth – object has smaller weight but identical mass
Question what weighs more a tonne of feathers or a tonne of bricks?


Measurement

Questions
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