NZ Transport Agency Rail Safety Resource —Primary — Level 1 to Level 4 Maths

What is the big ideaor focus?

What is the key understanding —
Why s it important for my
students right now?

Driving question

Focus tasks for assessment
Understanding and skills

Citizenship.

Mathematics and Statistics:
Geometry and Measurement:
Measurement, shape, position

and orientation.

In the context of keeping safe
around the electrified rail

network.

Whenyou are a citizenyou
belong, you matterand you make
a difference.

Citizenswork togetherto keep
everyone safe around the
electrified rail network.

What isworth knowingand
doingas a citizenaround places
on the electrified rail network?

Stay away from overhead wires

carrying electrical energy.

The electrical energy that moves trains
is always dangerous and always on.
You cannot hear, see or smell electrical
energy.

The electrical energy is 100 times more
powerful than the electrical energy used
at home

The electrical energy can jump gaps of
up to 3 metres.

When electrical energy passes through
people, it kills or seriously injures them.
Always use level crossings to

get across the tracks.

Trains on the tracks are very big, very
fastand very quiet.

Trains take along time to stop.

It is dangerous to take shortcuts and
trespass.

Watch out for the second train.
Obey all warning signs and signals.
Wait until all warning signs have
stopped before crossing —there may be
a second train.

Look and listen in both directions.

1. Describe a [measurement, shape, position
and/ororientation] relevant to staying safe on
the electrified rail network. [multistructural]

2. Explain why this [measurement, shape,
position and/ororientation] helps citizens stay
safe on the electrified rail network. [relational]

3. Take action to helpcitizens use
[measurement, shape, position and/or
orientation] to keep safe on the electrified rail
network. [extended abstract]

Learning area
Essence statement:

Links to other learning areas

NZC Values

NZC Key Competencies:

Alllearningareas

Excellence

Thinking— Critically analyse the factors
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Mathematics and statistics

In mathematics and statistics,
students explorerelationshipsin
guantities, space, and data, and
learnto express these
relationshipsin ways thathelp
themto make sense of the world
around them.

Diversity
Equity

Integrity
Respect

Innovation, inquiry, and curiosity

Community and participation
Ecological sustainability

contributing to safe electrified rail networks for
all citizens.

Managing self— Act responsibly when around
the electrified rail network as a pedestrian,
passenger, cyclistordrivertoensure all citizens
keep safe.

Participating and contributing— Display an
awareness of the local issues around creating
and maintaining safe electrified rail networks.
Be activelyinvolved in community issues
around safe electrified rail networks.

Relating to others— Interact with othersto
create safe electrified rail networks.

Making meaning from language, symbols and
text —Interpretand use language, symbols and
textinwaysthat keep citizens safe around
electrified rail networks.

Strand

Achievement objectives

Select the achievement objectives that best match the NZTA focus -
concept and context - for your students

Suggested learningintentions

(SOLO verbs—e.g. Define, Describe, Sequence, Classify, Compare / Contrast, Explain,
Analogy, Analyse, Generalise, Predict, Evaluate, Create)

Use constructive alignment to design SOLO differentiated | earning intentions
(intended learning outcomes) to match the unit’s content.
amhook.com/solo-apps/learning-intention-generator/

Geometry and measurement

Level One

Measurement

- Orderand compare objects or events by length,
area, volume and capacity, weight (mass), turn
(angle), temperature, and time by direct
comparison and/or countingwhole numbers of
units.

Define “length”.

Define “distance”.

Measure jumps using conventional methods.

Use chalkand metre rulers to measure out 3m (the distance
electricity canjump from high-voltage wires).

Use chalkand metre rulers to measure outthe height of the
contact wires from the ground on the electrified rail network.
Use chalkand metre rulers to measure out the safe height
restriction (5m) underalevel crossing on the electrified rail
network.

Use chalkand metre rulersto measure outthe distance of the

www.education.nzta.govt.nz

© HookED, Pam Hook, 2013. All rights reserved.



http://www.education.nzta.govt.nz/
http://pamhook.com/solo-apps/learning-intention-generator/

yellow linefromthe edge of a platform.

Use chalkand metre rulers to measure outthe length (72m) of
one of the new EMU trainsin Auckland.

Order the length of different jumps—e.g. standing jump, running
jump, hop skip and jump, longjump.

Use chalkand metre rulersto measure outthe braking distance
for the new EMU trainsin Auckland.

(Assuming amaximum braking rate of 1Im/s/s, it will take over 30
seconds and 465 metrestostop the trainwhenitis travelling atits
top speed of 110km/h. It takes 22 seconds and approximately 242
metresto slow down from 80km/h. Many othervariables affect
the brakingrate of the train.)

Compare and contrast the distance coveredin differentjumps—
including the jump distance of electricity fromahigh-voltage wire.
Compare and contrast the distance of the yellow linefrom the
edge of a platform with othersafe distances marked outin public
places.

Level One
Shape
- Sortobjects by their appearance.

Identify the shape of electrical hazard warning signs.
Sort electrical hazard warning signs by their appearance.

Level One

Position and orientation

- Give and follow instructions for movement that
involve distances, directions, and half or quarter
turns.

- Describe their position relative to a person or
object.

Define “halfturn”.

Define “quarterturn”.

Give instructions for movementthatinvolve distances, directions
and half or quarterturns to locate [the source of a sound or the
location of the yellow lineon a station platform].
Followinstructions for movementthatinvolve distances,
directions and half or quarter turns to locate [the source of a
sound or the location of the yellow line on a station platform].
Describe positionin relationto [the source of a sound or the
location of the yellow lineon a station platform] .

Level Two
Measurement
- Create and use appropriate units and devices to

Define “length”.
Define “distance”.
Use conventional and unconventional measures of different jumps
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measure length, area, volume and capacity,
weight (mass), turn (angle), temperature, and
time.

- Partition and/orcombine like measures and
communicate them, using numbers and units.

—e.g.standingjump, running jump, hop skip and jump, longjump.
Use chalkand metre rulers to measure out 3m (the distance
electricity can jump from high-voltage wires).

Use chalkand metre rulersto measure out the height of the
contact wires from the ground on the electrified rail network.
Use chalkand metre rulersto measure outthe safe height
restriction (5m) underalevel crossing on the electrified rail
network.

Use chalkand metre rulers to measure out the distance of the
yellow line from the edge of a platform.

Compare and contrast data forthe lengths of different jumps,
including the distance electricity can jump, and communicate
these findings using numbers and units.

Compare and contrast the distance of the yellow linefrom the
edge of a platform with other safe distances marked outin public
places and communicate these findings using numbers and units.

Level Two Sort rail network safety signs by their spatial features.

Shape Explain why safety signs are classified in different groups.

- Sort objects by their spatial features, with Identify the plane shapesfoundin objects onthe rail network.
e Describe the plane shapesfoundin objects onthe rail network.
justification.

- Identify and describe the plane shapes found in

objects.

Level Two Use simple maps to show positionand direction on arailway

Position and orientation

- Create and use simple maps to show position and
direction.

- Describe different views and pathways from
locations on a map.

platform or level crossing.

Create a simple map showing positions on arailway platformor
level crossing.

Create a simple map showingdirection on arailway platform or
level crossing.

Create a set of directions to getfrom one position toanotheron
the rail network.

Locate positionon a rail network map.

Describe simple views and pathways from locations on arail
network map.
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Compare and contrast simple rail network maps; find similarities
and differences.

Level Three

Measurement

- Uselinear scales and whole numbers of metric
units for length, area, volume and capacity,
weight (mass), angle, temperature, and time.

- Find areas of rectangles and volumes of cuboids
by applying multiplication.

Define “length”.

Define “distance”.

Use linear scales and whole numbers of metricunits to determine
the length of different jumps—e.g. standing jump, runningjump,
hop skipand jump, longjump.

Use conventional measures to determine the direction (angle) of a
sound source.

Use conventional measures to measure out the distance of the
yellow linefrom the edge of aplatform.

Compare and contrast data forthe lengths of different jumps,
including the distance electricity can jump, and communicate
these findings using numbers and units.

Compare and contrast the distance of the yellow linefrom the
edge of a platform with other safe distances marked outin public
places and communicate these findings using numbers and units.
Compare and contrast data forthe direction of different sounds
heard with one ear, two ears, earbudsin ears, echoes or additional
soundsinthe soundscape.

Find the area of differentlocations and structures onthe rail
network by multiplyingthe side lengths.

Use a scale on a map and measure distance across largerareas.

Level Three

Shape

- Classify plane shapes and prisms by their spatial
features.

- Represent objects with drawings and models.

Identify plane shapes and prisms by their spatial features.
Describe plane shapesand prisms by theirspatial features.
Classify (sort) plane shapes and prisms by theirspatial features.

Representthe rail network and/orsome of its physical
infrastructure with drawings and models.

Geometry and Measurement

Level Three
Position and orientation
- Usea co-ordinate system or the language of

Define “co-ordinate”.

Give instructions to specify location on the rail network —using co-
ordinates.

Followinstructions using co-ordinates to specify location on the
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direction and distance to specify locations and
describe paths.

rail network.

Describe position/location in relation to [the source of asound or
the location of the yellow line on astation platform] —using
direction and distance.

Describe position/locationin relation to [the source of asound or
the location of the yellow line on astation platform] —using co-
ordinates.

Use simple co-ordinategrids to show position and direction on the
rail network.

Locate position onthe rail network using simple co-ordinategrids.
Describe simple pathways on the rail network using direction and
distance.

Describe simple pathways on the rail network using co-ordinates.
Create a simple grid using co-ordinates to show position onthe
rail network.

Create a set of directions using co-ordinates to get fromone
positiontoanotherona simple grid mapping the rail network.

Level Four

Measurement

- Useappropriate scales, devices, and metric units
forlength, area, volume and capacity, weight
(mass), temperature, angle, and time.

- Convert between metric units, using whole
numbers and commonly used decimals.

- Useside or edge lengths to find the perimeters
and areas of rectangles, parallelograms, and

triangles and the volumes of cuboids.

- Interpret and use scales, timetables, and charts.

Use conventional metricmeasures to determine the length of
different routes around yourlocal rail network.

Convertthe length of different routes from metresto kilometres.
Use the side or edge lengths of alocation on the local rail network
to measure the perimeterand area covered.

Calculate the average time taken to travel different routes on the
rail network.

Use rail network timetables to create anitinerary fora trip using
the Northern Explorer, Coastal Pacifictrain and TranzAlpine rail
networks.

Use a scale on a map to measure the distance travelled on the
planned trip using the three rail networks.

Level Four
Shape
- Identify classes of two- and three-dimensional

Describe the geometrical properties of two- and three-
dimensional shapes found on the rail network.
Classify (sort) two- and three-dimensional shapes found on the rail
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shapes by their geometric properties.

- Relate three-dimensional models to two-
dimensionalrepresentations, and vice versa.

network by theirgeometric properties.
Relate three-dimensional models to two-dimensional
representations of the physical structures on the rail network.

Level Four

Position and orientation

- Communicate and interpret locations and
directions, using compass directions, distances,
and grid references.

Define “compass”.

Describe compass directions.

Use compass directions to communicate location and/or direction.
Use distances to communicate location on the rail network.

Use grid references to communicate location and direction onthe
rail network.

Use compass directionstointerpretlocation and/ordirection on
the rail network.

Use distancestointerpretlocation onthe rail network.

Use grid referencestointerpretlocation and direction on the rail
network.

Use compass directions, distances and grid references to
communicate locations and distances on the rail network.

Use compass directions, distances and grid referencestointerpret
locations and distances on the rail network.
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Learning activities/learning experiences
Build learning activities and experiences for SOLO differentiated learning intentions.
Choose learning intentions that match your students’ prior learning, interests and abilities.

Mathematics and Statistics:
Geometry and Measurement: Measurement, shape, position and orientation.

Think like a mathematician about staying safe on the electrified rail network.

What measurements, shapes, positions or orientations will help keep citizens safe on the rail

network?

Determining prior knowledge, identifying misconceptions
Determining prior knowledge is astarting place forall learning.

Ask students to:

e Pause—clear yourmindand thenthink deeplyabout the electrified rail network.
e Discussthe following question promptsinturn.

O

O
@)

Have you or has anyone you know ever measured, counted orlooked for patterns
associated with the electrified rail network (terminal facilities, rail yards, railway stations,
the tracks, level crossings, pedestrian overbridges, trains etc.)?

What was it like?

What are the measures and/or patterns you know to watch out for around the electrified
rail network?

What have you done around the electrified rail network that could be dangerous?

Why do you thinkyou behaved dangerously?

What have you seen other people doaround the electrified rail network that could be
dangerous?

Why do you think people actin potentially dangerous ways around the electrified rail
network ?

How do you feel when you see people actingin potentially dangerous ways around the
electrified rail network?

What do you do whenyou see people actingin potentially dangerous ways around the
electrified rail network?

What do kids need to know about keepingsafe around the electrified rail network?
What do grownups need to know about keeping safe around the electrified rail network?

e Record (write ordraw) youranswers to each question on separate Post-it notes.

o Labeleach Post-it note with the date.

e Attheendof the discussion on each question, stick youransweronto alarge sheet of newsprint
labelled with the question prompt.

o Repeatthis processwith each question prompt.

Keep a record of the prior knowledge of your class.
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SECTION 1: What is worth knowing and doing as a citizen around places on the electrified rail network?
Bringing inideas
These activities provide opportunities for students to bringin mathematical ideas using measurement,

shape, position and/or orientation to help citizens stay safe when using the electrified rail network.

Learning intention: Describe a [measurement, shape, position and/or orientation] relevant to staying
safe on the electrified rail network. [multistructural]

Differentiated success criteria: We will knowwe have achieved this because...

Multistructural | My description has severalrelevant ideas about a [measurement, shape, position and/or

orientation] relevant to staying safe when using the electrified rail network

Relational .... and explains why these ideas are relevant
Extended ... and makes a generalisation about the [measurement, shape, position and/or
abstract orientation]on the electrified rail network.

Key Competency self-assessment rubric' Highlight the relevant Key Competencies for section 1.

Thinking

Managing self

Participating
and
contributing

Relating to
others

Using language,
symbols and
text

Criticallyanalyse the
factors contributing
to safe electrified
rail networks forall
citizens.

Example — describe,
explain and justify
ways to stay safe at
places on the
electrified rail
network.

Act responsibly
when aroundthe
electrified rail
network asa
pedestrian,
passenger, cyclist or
driverto ensure all
citizens keep safe.

Example — adopt a
“sort it and report
it” approach to
unsafe behaviour
around the
electrified rail
network.

Displayan
awareness of the
localissues around
creatingand
maintaining safe
electrifiedrail
networks.

Be activelyinvolved
in community issues
aroundsafe
electrifiedrail
networks.

Example — listen,
respond and act
together to make
the electrified rail
network a system
free of death and
serious injury.

Interact with others
to create safe
electrified rail
networks.

Example —
demonstrate a
commitment to
safer outcomes for
self, friends, family
and whanau at
places on the
electrified rail
network.

Interpretanduse
language, symbols
and textinways
thatkeep citizens
safearound
electrified rail
networks.

Example — share
safe rules and
behaviours for
places on the
electrified rail
network.
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1.0. Think like a mathematician about the electrified rail network
What measurements, shapes, positions and/or orientations will help keep citizens safe on the electrified rail

network?

What is worth knowing and doing as a citizen and a mathematician around places on the electrified rail network?

e Stay away from overhead wires carrying electrical energy.
o The electrical energy that moves trains is always dangerous and always on.
o You cannot hear, see or smell electrical energy.
o The electrical energy is 100 times more powerful than the electrical energy used at home.
o The electrical energy can jump gaps of up to 3 metres.
o  When electrical energy passes through people, it kills or seriously injures them.
e Always use level crossings to get across the tracks.
o Trains on the tracks are very big, very fast and very quiet.
o Trains take a long time to stop.
o Itisdangerous to take shortcuts and trespass.
e  Watch out for the second train.
o Obey all warning signs and signals.
o Waituntil all warning signs have stopped before crossing — there may be a second train.
o Look and listen in both directions.

Introduce students to the measurementtrains.

The measurementtrains—The Flying Banana, Dr Yellow and Iris 320 — are trains that use the rail
network to measure itso that freight and passengers travel safely.

You can see how they collect datato monitorthe safety of tracks in the following YouTube video.

Network Rail: The New Measurement Train: http://youtu.be/WhVdTXh5X0A

Forinformation onthe measurementtrains, see:
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New measurementtrain: http://en.wikipedia.org/wiki/New Measurement Train
The Flying Banana: http://www.networkrail .co.uk/aspx/10924.aspx

Dr Yellow: http://en.wikipedia.org/wiki/Doctor Yellow

Iris 320: http://en.wikipedia.org/wiki/SNCF TGV Iris 320

Discussion prompts
[think-pair-share, or small group or whole class discussion only]

What do you see? Why do you thinkitis likethat? Whatdoes it make you wonder?

If you area citizen usingthe electrified rail network, what is worth knowing about data, measurement, orientation,
shapeand position?

Watch videos showing parts of the New Zealand rail network.

For example:
KiwiRail Scenicvideo channel: http://www.youtube.com/user/KiwiRailSce nic
KiwiRail Freight TVC 2013: http://youtu.be/W3fiCS2zTFc
KiwiRail ScenicJourneys | Take a break. Take a train: http://youtu.be/CORPM2QFdQ4
Auckland Transport: Auckland’s New Electric Trains:
http://www.youtube.com/watch?v=484 FfGGBZg&list=PL442F15A82428642A
TNZ Videos: KiwiRail Freight and Passenger Action:
http://www.youtube.com/playlist?list=PLgREeRssJe WQXriO8gKPCTZIKrBENhiMV
Level Crossing: DC4352 with the Overlander : http://youtu.be/P84rf87-SKQ
Level Crossing: Train 126 @ Kaukapakapa: http://youtu.be/sYgQYy301AQ
Level Crossing: Trains around Auckland (5 Barrier Arm Level Crossing): http://youtu.be/cPCol-
qyfVk
Tunnel: Northbound Overlander on the Raurimu Spiral: http://youtu.be/UhL8MsyPcgM
Station: Newmarket Railway Station: http://youtu.be/gRQ8Lbrha2g
Station: Helensville Freights: http://youtu.be/7Eg0q823ITU
Station: Overlander Departing Britomart: http://youtu.be/NTvh1ihNeCO
Station: Trains around Auckland: http://youtu.be/cPCol-qyfVk
Masts: Northern Explorerspeeding through Taumarunui: http://youtu.be/aWclHLtTLFQ

Afterwatchingthe YouTube videos of the New Zealand rail network, ask students tovisualisethe
network and to think about the mathematics and statistics of moving people and freight.

Say to students:

¢ Imagineyourselfsomewhere onthe electrified rail network. Think about a particular structure or
eventonthe electrified rail network in New Zealand —a rail yard, station, an overbridge or level
crossing.

e Askyourself, What measurements, shapes, positions or orientation willhelp keep me safe around
this place?

e Imaginethe rail network could answer questions about keeping safe. What maths questions would
you like to ask the rail network? What questions would you have in particularfor the station, the
tracks, the overbridge, the pedestrian walkway, the level crossing, the railway yards, the park and
ride areas?
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Write these “what we know we don’t know” maths questions on Post-it notes and display them on the
classroom walls. Encourage students toadd to them as they progress through the unit. Add a few of
your own questions and inviteany visitors to the class to add some as well.

1.1. What is a rail network?
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Think about how a mathematician would define anetwork.

Discuss networks with students. Demonstrate how a networkis a group of interconnected people,
places and/orthings. Watch commoncraft’s video, Social Networking in Plain English, on YouTube:
http://youtu.be/6a KF7TYKVc

Create network grids of desks or groups within the class, classes within the junior school, places to
playinthe playground, pathwaysthat connect placesin the school grounds. Use grids, meshesand
websto show how different people, places and things can be connected.

Mock up a simple rail network using a toy train set.
Draw a map showingstations as nodes and the connectingtracks as edges.

Identify yourlocal rail network. Find the local rail network on a map. Use Google Maps
http://maps.google.com/ tolook atyourlocal railway station, and locate railway yards, railway tracks,
railway bridges and pedestrian level crossings. Follow the tracks to see where the tracks come from
and where they go. Where are the stations that connect to the local station? Walk around part of your
local rail network that has publicaccess, taking photos of the different places and structures linked to
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the network. Sketch asimple network map foryourlocal station and related objectsin the local
environment.

Refertodifferentrail network diagrams:

New Zealand’s National Rail Network:
http://www.transport.govt.nz/ourwork/rail/newzealandsnationalrailnetwork/

Auckland City Rail Link Map: http://transportblog.co.nz/2012/07/04/more-info-on-the-crl-
announcement/

Mappery: Auckland Rail Map: http://www.mappery.com/Auckland-Rail-Map

Wikipedia: List of Wellington Railway Stations (Tranz Metro network):
http://en.wikipedia.org/wiki/List of Wellington railway stations

Mappery: North Island Rail Map: http://www.mappery.com/North-Island-Rail-Map

Maps of the National Rail Network (UK):

http://www.nationalrail.co.uk/stations destinations/maps.aspx

India Railway Map: http://www.mapsofindia.com/maps/india/india-railway-map.htm
Transport for London: London Overground and National Rail:
http://www.tfl.gov.uk/gettingaround/9444.aspx

World Map — Major Rail Network: http://www.mapsofworld.com/world-maps/major-rail-network-

map.html

Discussion prompts
[think-pair-share, or small group or whole class discussion only]

Look at a map of the rail network.
What do you see? Why do you thinkitis likethat? Whatdoes it make you wonder?

Ifyou area citizen using the electrified rail network, what is on maps of the rail network that is worth knowing
about?

Model or map yourlocal network using photos and drawings of different places and people from your
local or national rail network —railway station, railway yards, railway tracks, and railway bridges or
pedestrian level crossings. Ask students to make connections between the images and/oritems and to
explain why they think they are connected.

Co-constructa class definition for “rail network” —e.g. “We think the rail networkis...”. Include
reasons and examplesinthe class definition. Revisit your rail network diagram and definition as
students deepentheirunderstanding throughout the unit.

Extension: Create a network map to show a student perspective of the importantorrelevantnodesin
your local rail network. Share it with yourlocal community. Forexample, see the KiwiRail Auckland
Rail Network Electrification Map below (from http://www.kiwirail.co.nz/projects/major-
projects/auckland-rail-electrification.html).
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1.2. What is the rail network like?
Describe the attributes of the rail network:
e Describe the physical infrastructures of the rail network from a mathematical perspective—using
measurement, position and orientation and shape.
e Describe the administrative processes and regulations of the rail network from a mathematical
perspective.
Describe the personnel and management of the rail network from a mathematical perspective.
e Describe the people and freight being moved by the rail network from a mathematical
perspective.

The following components make up the rail network and could be used in yourdescriptions:

e physical assets—

o terminalfacilities
rail yards
railway stations
tracks
overhead wires and masts
rail substations
level crossings
overbridges and pedestrian walkways
tunnels
bridges
signage
signalling systems
o communication systems

e administrative processes and regulations —including timetabling
e personnel and managementrequired torepairtracks, sell tickets, scheduletrains etc.

O O O O O O O O 0 0O O
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What are the physical dimensions of each? How many? How heavy? How big? How fast? How slow? How
long? How far? How often? What shape? What is the pattern? Whatare the closed 2-D plane shapes?
What are the 3-D shapes?

Example
Identify and describe the closed 2-D plane shapes found in objects, signs and structures on the rail
network.
Look for:
e triangles(2-Dflatshapes with three sidesandthree corners)
e rectangles(2-Dflatshapes withfoursides and fourcorners. Opposite sides are of the same length)
e squares(2-Dflatshape rectangle with all foursides of equal length)
e circles(2-Dflatshape with no sides orcorners).

Identify safety signage on the rail network. Sort or classify the safety signs by their spatial features. Explain
why signs are classified in different groups. Explain why these and other mathematical dimensions and
perspectives are importantin understanding the rail network.

Identify and describe the 3-D solid shapes and prisms found in physical assets, objects and structures on
the rail network. Look for cubes (rectangular prisms), spheres, cones, cylinders and pyramids. Annotate
the 3-D objectsidentified with theirspatial features.

Describe the geometrical properties of two- and three-dimensional shapes found on the rail network.
Classify (sort) two- and three-dimensional shapes found on the rail network by theirgeometric properties.

Extension: Representthe rail network and/or parts of its physical infrastructure with mathematical
shapes, 2-Ddrawings and 3-D models.

Relate three-dimensional models to two-dimensional representations of the physical structures on the rail
network.

1.3. Describe an object/place/environment on the rail network — something that you care about, that is
useful to you or that influences or challenges you

The rail networkis often described through data. Forexample, the publicity material released on the new
electrified trains in Auckland reveals they weigh 155 tonnes (weight of 3 cars, fully loaded), have an overall
length of 72m (3 cars), use a 25kV AC overhead powersupply, have 12doors (4 percar) with 1.45m open
width, have a maximum acceleration rate of 1Im/s/sand a maximum braking rate of Im/s/s.

Use mathematical measures, orientation, position and shapes to describe the attributes (characteristics)
of a place on the rail network e.g. platform, station, tracks, rail yards, level crossing.

Choose an object/ place/ environment on the rail network that you care about, that is useful to you or that
influences orchallenges you when you are trying to keep safe on the rail network.

Look at photographs, video, schematicdiagrams, building plans, sketches, Google Maps, scale models and
timetables, and visit this place (under supervision) on the rail network.

Example
e Askhowlongistheyellowline? Whatisits orientation with respect to the edge of the platform?
How farisit from the edge of the platform? What area of the platformis off limits for people
waiting to catch a train?
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o Askhowtall are the masts carryingthe catenary and contact wires? What shape are the tension
supports forthe contact wire? What are the geometricshapesin apantograph? What are the
shapes of the safety signage at a rail station?

e Askwhat isthe orientation of the tracks between two stations? How frequently do trains travel
alongthe tracks — during a day, across a week, overayear? What time of day do trains travel on
the tracks? How long does it take to travel between two stations on a passengertrain? How long
doesittake freight totravel between stations?

Use Google Maps http://maps.google.com/ tolocate a place on the rail networkinyourlocal area and
mark the locations. Use Google Street View to see the locations from different orientations. Get students
to planseveral different routes thatthe class or theirfamily could use to walk to yourlocal station. Note
any places where the route will cross the railway lines ata level crossing.

At the station — use conventional metricmeasures to determine the length of different routes around your
local rail network. Measure the distance and length of the route, the station platform, the numberand
height of the platform steps etc. Identify different shapes and cuboids at the station. Mark these on a
map.

Convertthe length of different routes from metres to kilometres and from kilometres to metres.

Orderthe routestothe stationinterms of how longyou estimate it would take to walk along each one.
Walk each walking route and check on the accuracy of your ordering. If an average person can walk 2
kilometresin half an hour, identify how longit would take to walk from station A to station B if the
electrical powersupply failed and all the train services stopped working during an emerge ncy.

Use the side or edge lengths of alocation onthe local rail network to measure the perimeterand area
covered.

Use Google Maps http://maps.google.com/ to measure the dimensions, length, perimeter and/or area of
different places on the rail network.

Use the Google Maps line tool to measure the distance you travel walking to a place on the rail network.
Use the Google Maps shape tool to measure perimeterand area of the places onthe rail network.

Build a scale model of an EMU (or station platform) using old cardboard cartons and otherfound
materials.

Draw a model of the station platform using chalk in the playground oras a large wall displayin the
classroom.

For example, arailway stationis made up of:

e aplatformwithsignage and the yellow line

e astationbuildingincludingticket sales, waitingrooms and toilets

e communication systems (safety and arrival /departure information)—loudspeakers, signage,
signals
pedestrian and wheelchair access ramps, overbridges, steps

e |uggage carts

e adrop-offandcollect parkingarea

o aleftluggage area

e alostand found office

e taxiranks

e busbays.
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Identify features that you care about, features that are useful and features thatare hazardous and need to
be managed if you are to be safe onthe rail network. Identify any features of the place designed to keep
people safe.

For example, the following KiwiRail web pages describe features that are hazardous in the electrified rail
network and how to manage them.

Live Wires: http://youtu.be/2TQ6QCs4rqo

Staying Safe around the Electrified Rail Network: http://www kiwirail.co.nz/projects/major-
projects/auckland-rail-electrification/auckland-electrification-safety/staying-safe.html

Level Crossings: http://www.kiwirail.co.nz/projects/major-projects/auckland-rail-electrification/auckland-
electrification-safety/level-crossings.html

If You Live Nextto the Rail Tracks: http://www.kiwirail.co.nz/projects/major-projects/auckland-rail-
electrification/auckland-electrification-safety/living-next-door.html|

Discussion prompts
[think-pair-share, or small group or whole class discussion only]

Think likea mathematician when you look at this place on the rail network.
What do you see? Why do you thinkitis likethat? Whatdoes it make you wonder?

Ifyou area citizen usingthe electrified rail network, what is worth knowing about this placeon the rail network?

The following subsections will help you think like a mathematician when describing a place on the rail
network.

1.3.1. What are the length, height and distance of places on the rail network?

Background: The masts carryingthe electrified overhead wires will be 6—7m tall and the wires will be
directly overthe rail tracks.

The electricwires overthe track carry 25,000 volts, whichis 100 times more powerful than the
electrical energy usedin homes.

The wires are live all the time. They are never switched off.

You don’t have to touch the wires to get electrocuted.

The wires are extremely dangerous and potentially deadly to anyone who contacts them or comes too
close to them, as electricity can arc (jump) across gaps of up to 3 metres and can also travel through
wateror otherliquids. People are mostly made of water.

It isimportantto keep right away from these wires and to make sure anything you may be carrying or
playing withisalso well clear. Playing with kites or balloons near the wires is dangerous, asis throwing
objects at the wires.

Screening will be in place to prevent any accidental contact at bridges or alongside walkways.

Adapted from KiwiRail’s Frequently Asked Questions: http://www.kiwirail.co.nz/auckland-s-
electrification---frequently-asked-questions
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Discussthe terms “length” and “distance” with students.
o Whenwe ask how tall somethingis, how longitis or how wide itis, we are asking about
length. Length: How long or wide somethingis. Lengthis usually measuredin millimetres
(mm), centimetres (cm), metres (m) orkilometres (km).
e Whenwe ask how far apart or close togethersomethingis, we are asking about distance.
Distance: How far apart or close togethertwo objects are.

Watch a YouTube video showing overhead wires and electrified trains moving on the tracks.
Referto:
Completed wires out nearSwanson: http://transportblog.co.nz/2013/05/13/electrification-
project-running-late/
Railway Technical: Overhead Line —Catenary: http://www.railway-
technical.com/etracp.shtml#Overhead-Line-Catenary
Catenary and Pantograph: How Does It Work? http://youtu.be/kFPJ8e FOIM2A
Sparking Matangi Electric Train at Silverstream, Upper Hutt, New Zealand:
http://youtu.be/sPxG4AWAmDhE
High Speed Beaujolais and Pantograph Action: http://youtu.be/A0G14ee3tR8

Co-constructa class definition for “distance” —e.g. “We think distance is ...”. Include reasons and
examplesinthe class definition. Revisit your definition as students deepen theirunderstanding
throughout the unit.

1.3.1.1. What isthe distance that electrical energy can jump from the high-voltage wires above the

train tracks?

Background

o Alwaysstay clearof electricwires, and nevertouch them or throw objects at them.

o Theelectricity can “jump” up to 3m, or pass through objects, and you can be electrocuted without
evendirectly touchingthe overhead wires.

e In NewZealand, people have been severely burned or have died from cominginto contact with
overhead electricwires.

e Overheadelectricwireson the railway are live and dangerous even when trains are notrunning.

Referto: Safety around Overhead Wires: http://www.railsafety.co.nz/keeping-safe/safety-around-
overhead-wires

Ask students to estimate how fara 3m jump would be. Canthey jump 3 metres?
Note: Farthestlongjump by a male = 8.95m (29ft 4.36in), Mike Powell (USA) in Tokyo, Japan, 30
August 1991

Farthestlongjump by a female =7.52m (24ft 8.06in), Galina Chistyakova (USSR) in Leningrad, USSR
(now St Petersburg, Russia), 11June 1988

Measure students’ jumps using conventional methods. Include standing jumps and running jumps etc.
Record the dataina tally chart.

Orderthe length of different jumps e.g. standingjump, running jump, hop skipand jump, longjump.

Use chalkand metre rulersto measure out 3m (the distance electricity can jump from high-voltage
wires).
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How many students could jump 3m or further?

Sequence (order)the jump distances of individual students along with the jump distance of the
electrical energyinthe high-voltage wires.

Extension: Compare and contrast the lengths of different jumps, including the distance electricity can
jump, and communicate these findings using numbers and units.

1.3.1.2. What is the distance of the electrified wires above a train track?
Ask students why the masts carrying the overhead wires are so high.

Estimate the distance the wires would be from the ground with respecttoa classroom or other
objectsinthe playground.

Measure the height of different objects around the school using conventional methods. Discuss the
limitations when tryingto measure height.

Use chalk and metre rulers to measure out 7m across the playground (the height of the masts holding
up the high-voltagewire or height of contact wires).

Measure the height of studentsin the class.

How many students wouldittake toreach a height of 7m?

Find structuresinthe school that seemto have a height equivalent tothe electrified wires.

Extension: Find out ways of measuring the height of very tall structures using shadows, sight lines or
angles. Refer to HowStuffWorks:
http://science.howstuffworks.com/engineering/structural/question379.htm

1.3.1.3. What is the distance of the yellow line from the edge of the station platform?

Background: Many station platforms have a horizontal yellow warning line to keep passengers away
from the tracks whenthey are waiting for a train. Some also include textured zones of raised bumps.
Others have introduced pedestrian barriers. The greater the speed of the passingtrain, the greaterthe
platform buffer distance needed to be safe from the backdraft or an accidental stumble ortrip.

Rail Safety New Zealand (http://www.railsafety.co.nz/keeping-safe/platforms-and-stations) advises

that:

e Notall trainsstop at ALL stations.

e Some expresstrainsandfreight trains may travel through at high speed without stopping. Always
expectatrain on a platform and stand at least 1.5 metres away from the platform edge.

e Fast trains can create a vacuum called a “back draft” that can blow you overor suck you undera
train.

e Under nocircumstances should you eversiton the edge of a platform.

e In NewZealand, people have died from being hit by atrain while sitting on a station platform.

Use the 1.5m measure or contact your local railway station to find out the actual position of any
yellow line ortextured zones on the platform of yourlocal station. Note: Do not suggest students
collectthese data.

Mock up a model platforminthe playground or otherlarge open space.
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Use chalk and metre rulersand the 1.5m measure to mark out the position of the yellowline or
textured surface on the “model platform”. Add ayellow line to your model platform.

Alternativelyuse chalkto mark out 1.5m pedestrian buffer zones atrelevant (trip hazard) locations
across the school.

Referto:

Humansin the Design of Yellow Lines: http://humansindesign.com/post/23699155244/humans-in-
the-design-of-yellow-lines

MRT Platform Buffer Distance Insufficient: http://ride.asiaone.com/news/general/story/mrt-platform-
buffer-distance-insufficient

Extension: Compare and contrast the distance of the yellow line from the edge of a platform with
othersafe distances marked outin public places and communicate these findings using numbers and
units.

1.3.1.4. What is the braking distance for heavy electrified trains moving at 110km/h?
Ask students why drivers cannot stop trains when they know someone orsomethingis on the tracks.

Background: Assuming amaximum braking rate of 1Im/s/s, it will take over 30 seconds and 465 metres
to stop the train whenitis travelling atits top speed of 110km/h. It takes 22 seconds and
approximately 242 metres to slow down from 80km/h. Many othervariables affect the braking rate of
the train.

Use chalk and metre rulers to measure out the braking distance forthe new EMU trainsin Auckland.

Use this measure to help students understand why atrain driver cannot stop in time to avoid hitting
pedestrians or cars trespassing on the rail track.

1.3.1.5. What are the maximum and minimum distances covered by a train trip usingthe Northern
Explorer, Coastal Pacific train and TranzAlpine rail networks?

Calculate the average time taken to travel different routes on the rail network.

Use rail network timetablesto create anitinerary fora trip usingthe Northern Explorer, Coastal Pacific
trainand Tranz Alpine rail networks.

Use a scale on a map to measure the distance travelled onthe planned trip onthe three rail networks.

1.3.1.6. What otherdistances are important for keeping safe on the rail network?
Think of other distances that are importantif citizens are to keep safe at or around the electrified rail
network.

Example

Use chalk and metre rulers to measure out the safe heightrestriction (between 4.25m and 5m) under
alevel crossings on the electrified rail network.

Use chalkand metre rulers to measure outthe length (72m) of one of the new EMU trainsin
Auckland.

Extension: Give instructions to specify alocation on the rail network — using distance. (How faraway is
X fromY?) Use conventional and/or unconventional measures to specify the distance of a safe position
to waitfor the train on the station platform. Forexample, How far back from the platform edge is a
position behind the yellow line onastation platform?
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1.3.2. Direction, orientation and co-ordinates on the rail network: Where is it? Are we there yet?
Whereishere?

1.3.2.1. What isthe direction?
Read Leunig’s poem “How to getthere”.

Discuss the term “direction’ with students. Whatisadirection? Whatdoes a direction mean?

Make up a setof direction vocabulary cards with arrows that use the language forgiving directions.
For example:

Direction— Left: go left, turn left, take aleft, take the second (turning) on the left.

Direction— Right: go right, turn right, take a right, take the second (turning) on the right.
Direction— Ahead: go ahead, go straight ahead, go straighton.

Use the cards if required to give and follow directions:

Give directions to move one or more students around cones set out ina grid patterninan openarea
inthe playground orgymnasium or around the school campus.

Follow directions to move around conesinan open area in the playground or gymnasium oraround
the school campus.

Give directions for getting from point Ato point B on a simple grid map.
Follow directions to get from point A to point B ona simple grid map.

Give directions for getting from point Ato point B (a specificlocation onthe rail network —e.g. rail
platform, levelcrossing). Use a map of the local area around the rail network.

Follow directions for getting from point A to point B (a specificlocation on the rail network —e.g. rail
platform, levelcrossing). Use amap of the local area around the rail network.
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Discussion prompts
[think-pair-share, or small group or whole class discussion only]

Think likea mathematician when givingand following directions.
What do you do? Why do you think itis likethat? What does itmake you wonder?

Ifyou area citizen, what is worth knowing aboutgivingand following directions on the electrified rail network?

Co-constructa class definition for “direction” —e.g. “We think directionis...”. Include reasons and
examplesinthe class definition. Revisit your definition as students deepen theirunderstanding
throughoutthe unit.

Extension: Give and/or follow instructions using direction and distance to specify location on the rail
network.

1.3.2.2. What isthe orientation?

Play a sound orientation game tointroduce the orientation language of “half turn” and “quarterturn”.
Play Marco Poloin a marked-off areaonthe playingfield (orin the swimming pool). One personis

chosento be IT. Duringthe game, IT must keep theireyes closed. The otherplayers can keep their
eyesopen asthey moveinslow motion within the outlined area. IT has to tag other players using
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soundto locate them. Every time IT calls out “Marco”, the other players mustreply “Polo”. Any person
tagged becomesthe newIT.

Discuss how IT was able to find the other players by turning towards the source of the sound.
Demonstrate how to measure a turnas a “quarterturn” and a “half turn”.

Model movingthrough quarterturns and halfturnsin response to studentdirections.

Get studentstofollow instruction to move through a quarterturn and a half turn.

Play Simon Says with instructions that use “half turn” and “quarterturn”.

Ask students to make (and/or follow) sets of written or spokeninstructions involving walking different
distances, and making quarterturnsand half turns to getto an unidentified location.

Use “quarterturn” and “half turn” to describe directions onamap of the local area.
Demonstrate leftand right (and/or clockwise and counter clockwise) directions.

Play Simon Says with instructions that use quarterturnsand halfturnsin leftandright, or clockwise
and counter-clockwise, directions.

Play Where’s the sound coming from? using orientation language.

e Onepersonwearingablindfoldsits onachairinthe middle of an openspace. The other
students forma large circle around the person on the chair. Mark their positions relativeto
the person on the chair: directly in front of or behind the person, aquarterturn or half turn
away fromthe person etc. The co-ordinator points to one of the studentsinthe circle, who
saysthe name the seated person. The seated person points in the direction of the noise and
describes the position of the person who spoke in terms of full, half and quarterturns.

o Repeatthe activity butthistime the personinthe chair listens only with the left ear, only with
the right ear, while using ear buds and with other students talking. Does listening with both
ears ratherthan only one make it easierto determine the direction of the sound? How does
wearingearbudsor listeningtoan mp3 playeror talking on a cell phone affect the ability to
tell direction?

e Repeatthe experiment butadd background noise. How does other noise affect the ability to
tell where asoundiscomingfrom?

Discussion prompts
[think-pair-share, or small group or whole class discussion only]

Think likea mathematician when you listento where the sound comes from.
What do you hear? Why do you think itis likethat? Whatdoes it make you wonder?
If you area citizen usingthe electrified rail network, what is worth knowing about identifying where sound

comes from on the rail network?

Co-constructa class definition for “orientation” —e.g. “We think orientationis...”. Include reasons and
examplesinthe class definition. Revisit your definition as students deepen their understanding
throughout the unit.
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Extension: Create a “thisis nota map” map of yourschool, local community orlocal railway station
that visitors could use to getaround. Use only words to give directions forawalk across the school.

Use arrowsto show orientation and the number of strides to indicate distance between point A and
point B. Create a mathematical argument against the banning of maps.

1.3.2.3. What isa map?

Explore different forms of mapping (map of the seating arrangementsin a classroom, map of school,
map of the civil defence evacuation areas, map of local area, road maps, Google Maps, treasure maps,
early world maps, navigational charts, rail network maps, station maps etc.).

Referto:

Proposed City Rail Link maps: http://www.aucklandtransport.govt.nz/improving-transport/city-rail-
link/Pages/default.aspx

Newmarket Train Station 3D Diagram: http://www.gardyneholt.co.nz/government-
council/1384/newmarket-train-station-3d-diagram/

Schematic Map: http://www.gardyneholt.co.nz/government-council/1385/schematic-map/

Grafton Station Map: http://www.gardyneholt.co.nz/government-council/1383/grafton-station-map/
Auckland Transport Link - http://www.gardyneholt.co.nz/government-council/1474/auckland-

transport-link/

Explore less conventional forms of mapping (circuit diagrams, map of your palm, x-rays, body maps,
maps of eyes, thumbprints, house plans, starmaps, molemaps, mindmaps, mazes, horizontal and
vertical distribution maps of shellfish, tactile maps, olfactory maps etc.).

Referto:

Strange Maps: http://bigthink.com/blogs/strange-maps

40 Maps that Will Help You Make Sense of the World: http://twistedsifter.com/2013/08/maps-that-
will-help-you-make-sense-of-the-world/

A Collection of Very Strange Maps: http://io9.com/a-collection-of-very-strange-maps-479288345

If You Thought Apple’s Maps Were Weird, Look at These:
http://www.theguardian.com/commentisfree/interactive/2012/sep/07/weird-maps-to-rival-apple-in-

pictures

List the attributes of a map. What do maps have in common?

Compare and contrast different maps of the local rail network (orrail station) (e.g. asitappearsona
road map and a Google satellite map). Look at the different ways of viewing a place that Google Earth
offers (satelliteview, terrain view, road map etc.). What are the differences and the similarities
betweenviews?

Discussion prompts

[think-pair-share, or small group or whole class discussion only]

Think likea mathematician when you lookata map of the rail network.

What do you see? Why do you thinkitis likethat? Whatdoes it make you wonder?

If you area citizen usingthe electrified rail network, what is worth knowing about this map of the rail network?
Co-constructa class definition for “map” — e.g. “We thinka map is ...”. Include reasons and examples

inthe class definition. Revisit your map diagram and definition as students deepen their
understanding throughout the unit.
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Extension: Think about what life would be like if all maps were banned.

Look at existing visitor maps of the school, local community and local railway station. What
information is missing from astudent perspective? Create amap to provide the missinginformation.
Compare your map with those of other students. Use the best features from all the mapsto create a
new visitor map for the school, local community orrail network.

1.3.2.4. What are the co-ordinates?

Background: Co-ordinates are aset of values that show an exact position. We use co-ordinates on maps
and graphs to show where a pointis: the first numbershows the distance along and the second number
shows the distance up or down.

Use simple 5by 5 and 10 by 10 grid games, treasure maps, battleships etc. to show students thatwhen
plotting co-ordinates you move across the grid firstand then up or down the grid.

Create a classroom-sized grid by stretching string lines across the classroom. Identify the origin (0,0).
Describe the co-ordinates of different people or objectsinthe room.

Create a classroom-sized grid by using student chairs ortables as points on the grid. Identify the origin
(0,0). Move students around the room by calling outinstructions based on the rows and columns and co-
ordinates.

Create a treasure huntgridin the field with prizes hidden in small containers. Take turns to throw dice to
claima container.

Introduce studentsto grid lines of latitude and longitude on aglobe and wall map. Describe the co-
ordinates of different countries using latitude and longitude.

Use positive numbergrids, positive x axis, positive and negative y axis; and positiveand negative xand y
axesgrids.

Discussion prompts
[think-pair-share, or small group or whole class discussion only]

Think likea mathematician when you use co-ordinates to show a position on a grid.
What do you do? Why do you think itis likethat? What does it make you wonder?

If you area citizen usingthe electrified rail network, what is worth knowing about using co-ordinates to show
position on the rail network?

Co-constructa class definition for “co-ordinates” —e.g. “We think co-ordinatesare ...”. Include reasons and
examplesinthe class definition. Revisit your definition as students deepen their understanding
throughout the unit.

Extension: Create a grid game for otherstudents, using co-ordinates to specify different locations on the
rail network.

1.3.2.5. Describe the position/location of an object on the rail networkin your local area
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For example, describe the source of the sound of an approachingtrain, the location of the yellow lineon a
station platform, the location of the rail station ora pedestrian level crossing inyourlocal area:

e usingdirectionand distance

e usingco-ordinates.

Extension: Describe asimple pathway onthe rail network in yourlocal area. Forexample, describe the
route from the school to a railway levelcrossing. Using direction and distance and using co-ordinates

1.3.2.6. Describe the orientation of an object (or a sound) on the rail network inyour local area

Ask students how good they are at finding alost cell phone. Ringacell phone that has previously been
hiddeninthe room. Ask students to stay seated and workindependently to describe the location
(direction and distance) of the ringing phone using mathematical terms of measurement and orientation.
Each studentthen pairs up withtwo otherstudents and the group uses the three individual descriptions to
betteridentify the location.

The groups share theirlocations with the class before you ring the phone fora second time and students
locate it. How easy was it to reliably locate the phone using sound alone? What were the barriers to
accurately describingthe location?

Watch the following Network Rail videos that demonstrate how wellpeople can locate the orientation of
an approachingtrain:

Track Tests — Wretch 32 and George the Poet: http://youtu.be/N4ul6lh0XQ8

Behind the Scenes of Track Tests with Wretch 32 and George the Poet: http://youtu.be/30uSHOZRH6M

Give instructions formovement that involve distances, directions and orientation —use half or quarter
turns to locate the pre-recorded sound of an approachingtrain on a level crossing.

Follow instructions for movementthatinvolve distances, directions and half or quarterturns to locate the
source of a recorded train sound. Write a description of the location of the sound relativeto a person
waiting at the crossingor station.

For pre-recorded train sound effects, referto:

Sound Jay: http://www.soundjay.com/train-sound-effect.html

Freesound: http://www.freesound.org/search/?q=trains

SoundDogs: http://www.sounddogs.com/results.asp?Type=1,&CategorylD=1053&Subcategoryl|D=37
Shockwave Sound: http://www.shockwave-sound.com/track search.php?track=trains

SoundBible: http://soundbible.com/1618-Freight-Train.html

Audiolungle: http://audiojungle.net/search?utf8=%E2%9C%93&term=train

RoyaltyFreeMusic: http://www.royaltyfreemusic.com/sound-effects.html

Give instructions formovementthatinvolve distances, directions and orientation. Use half or quarter
turns to describe the location of a mock-up of the yellow line on astation platform.

Follow instructions for movement thatinvolve distances, directions and half or quarterturns to locate the
location of the yellow line on a chalk model of a station platform. Write a description of the location of the
yellow linerelative to aperson at the station (or relative to the edge of the platform).

Setup an obstacle course inthe classroom or outside on the field. Students work in pairs. One student
writes directions involving distances, directions and orientation to guide asecond student to a safe waiting
zone on the platform. They direct the blindfolded student around the obstacle course to the safe waiting
place using only spoken directions. Give students several attempts atimproving theirinstructions.
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Discussion prompts
[think-pair-share, or small group or whole class discussion only]

Think likea mathematician when you use co-ordinates, distanceand direction to describe the location of an object
(or sound) on the rail network.

What do you see/hear? Why do you thinkitis likethat? What does it make you wonder?

If you area citizen usingthe electrified rail network, what is worth knowing about using co-ordinates, distanceand
direction to describethe location of an object (or sound) on the rail network?

Ask studentsto use theirexperience to describe the orientation of an object (ora sound) on the rail
networkinyourlocal area.

Extension: Explain how describing the orientation of an object (or sound) on the rail network can help
keep citizens safe.

1.3.2.7. Describe locations on the rail network using compass directions, distances and grid references
Show students alarge image of a compass. Identify whatitis and show how to use the compass to
describe direction —such as north, south, west and east.

Demonstrate how to hold a compass and how a compass always points north (magneticnorth).

Distribute orienteering style compasses—one for each pair of students. Ask students to hold the compass
correctlyand then use the compass to identify magnetic north.

Then ask them to identify the other main compass directions —south, westand east.
Then ask themto identify north east, north west, south east and south west.

Use the compass directions —north, south, west, east etc. — to describe the direction of local landmarks or
structures relative to the person holding the compass.

Identify and demonstratethe use of the rotating bezel of acompass. The index marks (degreelines) on the
bezel cutthe 360-degree circle into 2-degree or 5-degree segments. The markings onthe bezel allowyou
to measure the direction of a place on the rail network as the angle between aline pointing due north and
line pointingto the place orobject.

Explain how these indexlines convert the general compass directions into specificbearings ( with numeric
value). The bearinglets people movetowards a specificlocation ratherthan movingin aless accurate
north to north eastdirection.

Demonstrate how to take a bearing using the bezel.

Let students practise usingthe bezelon asimple orienteering route set up around the school. Instructions
shouldinclude direction and distance.

Get studentsto create theirown orienteering route, communicating location and/or direction - around
the school using compass directions and bearings.

There are many compass instructionsitesonline. Forexample:
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American Hiking Society: Compass Basics: http://www.americanhiking.org/how-to-use-a-compass/
HowStuffWorks: Which Is Better for Navigation —compass or GPS?:
http://adventure.howstuffworks.com/outdoor-activities/hiking/compass-or-gps1.htm

Compass Dude: http://www.compassdude.com/

Discussion prompts
[think-pair-share, or small group or whole class discussion only]

Think likea mathematician when you use compass bearings to describethe location of an object on the rail network.
What do you see? Why do you thinkitis like that? Whatdoes it make you wonder?

If you area citizen usingthe electrified rail network, what is worth knowing about the compass bearings for a place
on the rail network?

Describe the location of a place on the rail network using bearings and distances.

Extension: Learn how to use a compass with a map. Use compass directions and a map of the local area to
describe the location and/or direction of a place on the rail network. Use distances to describe location on
a map of the rail network. Use grid referencestointerpretlocation and direction on amap of the rail
network. Use compass directions, distances and grid references to communicate locations and distances
on the rail network. Use compass directions, distances and grid references to interpretlocations and
distancesonthe rail network.
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SECTION 2: Explain what is worth knowing and doing as a citizen around places on the electrified rail

network

Relatingideas

These activities provide opportunities for students to connectideas about place and the electrified rail

network.

Learning intention: Explain why this [measurement, shape, position and/or orientation] helps citizens
stay safe on the electrified rail network. [relational]

Differentiated success criteria: We will knowwe have achieved this because...

Multistructural

My explanation has severalrelevant reasons why [measurement, shape, position and/or
orientation] helps citizens stay safe on the electrified rail network

Relational ... and explains why these reasons are relevant
Extended ... and makes a generalisation about the reasons.
abstract

Key Competency self-assessment rubric’ Highlight the relevant Key Competencies for section 2.

Thinking Managing self Participating Relating to Using language,
and others symbols and
contributing text
Criticallyanalyse the | Act responsibly Displayan Interact with others | Interpretanduse

factors contributing
to safe electrified
rail networks forall
citizens.

Example — describe,
explain and justify
ways to stay safe at
places on the
electrified rail
network.

when aroundthe
electrified rail
network as a
pedestrian,
passenger, cyclist or
driverto ensure all
citizens keep safe.

Example — adopt a
“sort it and report
it” approach to
unsafe behaviour
around the
electrified rail
network.

awareness of the
localissues around
creating and
maintaining safe
electrifiedrail
networks.

Be activelyinvolved
in community issues
aroundsafe
electrifiedrail
networks.

Example — listen,
respond and act
together to make
the electrified rail
network a system
free of death and
serious injury.

to create safe
electrified rail
networks.

Example —
demonstrate a
commitment to
safer outcomes for
self, friends, family
and whanau at
places on the
electrified rail
network.

language, symbols
and textinways
thatkeep citizens
safearound
electrified rail
networks.

Example — share
safe rules and
behaviours for
places on the
electrified rail
network.
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2.0. Whydo [measurement, shape, position and/or orientation] help citizens stay safe on the electrified
rail network?

2.1. Whyshould citizens stay away from overhead wires carrying electrical energy on the rail network?
Think like amathematician. Use the measurements, shapes, and/or positions and orientations from the
learning experiences in section 1to explain why citizens should stay well away from the overhead wires on
the rail network.

Draft your mathematical ideas on a HookED SOLO Causal explanation map.

Use the draft ideas to write, speak about or draw an explanation.

Self-assessthe SOLO level of your explanation using the success criteriain the Key Competency self-
assessmentrubricabove.

Extension: Identify agroup of citizensin yourlocal community who would be helped by knowing about
and actingon these reasons.

2.2. Whyshould citizens only use level crossings to getacross the tracks?

Think like amathematician. Use the measurements, shapes, and/or positions and orientations from the
learning experiencesin section 1to explain why citizens should only use level crossings to getacross the
tracks.

Draft your mathematical ideas on a HookED SOLO Causal explanation map.

Use the draft ideas to write, speak about or draw an explanation.

Self-assessthe SOLO level of your explanation using the success criteriain the Key Competency self-
assessment rubricabove.

Extension: |dentify agroup of citizensinyourlocal community who would be helped by knowing about

and acting on these reasons.

2.3. Whyshould citizens watch out for the second train?

Think like amathematician. Use the measurements, shapes, and/or positions and orientations from the
learning experiences in section 1to explain why citizens should always watch out forthe second train.
Draft your mathematical ideas on a HookED SOLO Causal explanation map.

Use the draft ideas to write, speak about or draw an explanation.

Self-assessthe SOLO level of your explanation using the success criteriain the Key Competency self-
assessment rubricabove.

Extension: ldentify agroup of citizensinyourlocal community who would find it helpful to know about
and act on these reasons.
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SECTION 3: Extend your thoughts and your actions as to what is worth knowing and doingas a citizen
around places on the electrified rail network

Looking in a new way
These activities provide opportunities for students to extend their connected ideas about place and the
electrified rail network.

Learning intention: Take action to help citizens use [measurement, shape, position and/or orientation]
to keep safe on the electrified rail network. [extended abstract]

Differentiated success criteria: We will knowwe have achieved this because...

Multistructural

I have helped create a resource to help people keep safe around places on the electrified
rail network

Relational ...and ! explain how and why the ideas in the resource will help people keep safe around
places on the electrified rail network

Extended ...and | seek and act on feedback to improve ideas in the resource that will help people

abstract keep safe around the electrified rail network.

Key Competency self-assessment rubric® Highlight the relevant Key Competencies for section 3.

Thinking

Managing self

Participating
and
contributing

Relating to
others

Using language,
symbols and
text

Criticallyanalyse the
factors contributing
to safe electrified
rail networks forall
citizens.

Example — describe,
explain and justify
ways to stay safe at
places on the
electrified rail
network.

Act responsibly
when aroundthe
electrified rail
network as a
pedestrian,
passenger, cyclist or
driverto ensureall
citizens keep safe.

Example — adopt a
“sort it and report
it” approach to
unsafe behaviour
around the
electrified rail
network.

Displayan
awareness of the
localissues around
creating and
maintaining safe
electrifiedrail
networks.

Be activelyinvolved
in community issues
around safe
electrifiedrail
networks.

Example — listen,
respond and act
together to make
the electrified rail
network a system
free of death and
serious injury.

Interact with others
to create safe
electrifiedrail
networks.

Example —
demonstrate a
commitment to
safer outcomes for
self, friends, family
and whanau at
places on the
electrified rail
network.

Interpretanduse
language, symbols
and textinways
that keep citizens
safearound
electrified rail
networks.

Example — share
safe rules and
behaviours for
places on the
electrified rail
network.
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3.0. Create a resource or an action to help citizens in your community to keep safe on the electrified rail
network

Use measurement, shape, position and/or orientation as a context for communicating these key
messages:

e Stay away from overhead wires carrying electrical energy.
o Theelectrical energy that moves trains is always dangerous and always on.
o You cannothear, see or smell electrical energy.
o The electrical energy is 100 times more powerfulthan the electrical energy used at home.
o Theelectrical energy can jump gaps of up to 3 metres.
o Whenelectrical energy passes through people, it kills or seriously injures them.

e Always use level crossings to get across the tracks.
o Trains onthe tracks are very big, very fastand very quiet.
o Trains take a long time to stop.
o Itisdangeroustotakeshortcuts andtrespass.

e Watch out for the second train.
o Obeyall warning signs and signals.
o Wait until all warning signs have stopped before crossing —there may be a second train.
o Lookandlisten in both directions.

Identify agroup of citizensin your community who need help to be safe around the electrified rail
network.

Plan and create a resource, message oraction using measurement, shape, position and/or orientation to
helpthe group keep safe around the electrified rail network.

Use yourlearning from sections 1and 2 to planan infographic, brochure, rail network map, creative remix,
billboard advertisement, cartoon, comicstrip, picture book, game, activity or TV advertisement, street
performance, signage etc. with animportant mathematical message about citizenship and keeping safe on
the electrified rail network.

Before youstart, look at examples of how others have used the language of mathematicians to keep
citizens safe. Search for measurement- and orientation-based safety infographics and advertisements etc.

on Google Imagesand YouTube.

Use the findings from yourresearch above toidentify animportant “keep safearound the electrified rail
network using active citizenship” mathematical message foryour resource, message oraction.

Create yourresource, message oraction.
Seekfeedback onits effectiveness with yourtargetaudience.
Presentthe resource, messageoraction to young people inyourlocal community and the people who

look out forthem — forexample, students at yourschool, whanau, parents, local business owners and/or
local body politicians.
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