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Role of the PDST

What we are:

Teachers & School Leaders.

Teacher Educators.
Facilitators/Enablers.

Purveyors of Lifelong
Learning.

What we are not:

Evaluators.

Policy or Curriculum
Developers.

Exam Creators.




Keys

Resource

Prior Knowledge

Booklet activity

Group work

Reflection

Teaching
Approach

Contact us

Planning
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Key Messages

Core to the specification is a non-linear

approach empowered by the use of rich Strand 1 of the specification is a unifying strand

pedagogy which promotes the making of and emphasises the importance of utilising
connections between various Applied modelling across all learning outcomes.
Mathematics learning outcomes.

Applied Mathematics is rooted in authentic
problems as a context for learning about the
application of Mathematics to design solutions
for real-world problems and to develop
problem solving skills applicable to a variety of
disciplines.



Schedule for Seminar 1

09:30-11:15

11:15-11:30
11:30 - 13:00

13:00 - 13:45
13:45 -15:10

15:10-15:30

Session 1:

Overview of the PD and relevant documents.
Analysis of the specification and Learning Outcomes.
Introduction to Mathematical Modelling.

Break

Session 2:
Development of Algorithms
Introduction to Networks and Graph Theory

Lunch

Session 3:
Algorithms and their Applications

PLCs and Q&A



By the end of this session you will have:

Been introduced to the professional development programme, its
components and timelines.

Explored the Applied Maths specification in terms of content as well
as teaching, learning and assessment.

An understanding of Mathematical Modelling, the process involved and its
benefits to student learning.




Overview of Professional Development (PD)
and Supports Available

* 9 X 1dayseminars
* Full day PD workshops

e 5 X Professional Learning Communities (PLCs)

* Autumn and Spring each year in response to teacher PD needs and
relevant to the particular community.

* 4 X Webinars
« Live events discussing new material with Q&A

* 2 X Geogebra Workshops

* Exploring the use of technology in teaching Applied Maths.
10




PDSTH
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Overview of PD and Supports Available

Year 1 Nov 2020 - June 2021

Year 2 Year 3
National Seminar 1 National Seminar 2 Webinar
3 X National 4 X National
Seminars Seminars
2 X PLCs 2 X PLCs
Jan 21 Apr ‘21 May 21
1 X Webinar 1 X Webinar
1 X Geogebra | 1 X Geogebra
Workshop Workshop
Nov ‘20 Mar ‘21

v
Assess feedback
Webinar PLC from Seminar 1 & 2

11



= I\ *- PDST Sustained Support

™ 3 O,
What is it? How do | apply? What others say

The PDST Sustained support model
invites schools to engage with bespoke
support based on individual school

‘I thought SSE was this big
concept which floated in a

https://pdst.ie/schoolsupport sky of terminology it’s what |
context S = and we do to bring change in

our classrooms so children
can reach their full potential.
The SSE guidelines hold great

conversation starters. | will

Sustained support is a collaborative actually use them going
process towards educational change forward.’

and improvement in learner

12" outcomes.

Schools will have access to a PDST
advisor for a number of school visits
during a school year.


https://pdst.ie/schoolsupport

Overview of Key Documents

STEM Education

Policy Statement 2017-2026

13

@&
NCCA

SENIOR
CYCLE

KEY SKILLS
FRAMEWORK

Applied
Mathematics

Curriculum Specification

PDSTO

1 D Ipmetlll Seirbhis um Fhorbairt
Ghairmidil do Mhiinteoiri

LOOKING AT OUR SCHOOL 2016
A Qual amewor Scl

“Students can, of their own initiative,
transfer and apply skills learned in one

context to another context.”

Looking at Our School, p. 16


https://www.curriculumonline.ie/Senior-cycle/Senior-Cycle-Subjects/Applied-Mathematics/?lang=en-ie
https://www.curriculumonline.ie/Senior-cycle/Senior-Cycle-Subjects/Applied-Mathematics/?lang=en-ie
https://www.education.ie/en/The-Education-System/STEM-Education-Policy/
https://www.education.ie/en/The-Education-System/STEM-Education-Policy/
https://www.education.ie/en/Schools-Colleges/Information/Information-Communications-Technology-ICT-in-Schools/digital-learning-framework-post-primary.pdf
https://www.education.ie/en/Schools-Colleges/Information/Information-Communications-Technology-ICT-in-Schools/digital-learning-framework-post-primary.pdf
https://ncca.ie/en/resources/senior-cycle-key-skills-framework
https://ncca.ie/en/resources/senior-cycle-key-skills-framework
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Pillars of STEM Education in Ireland

e Student-centred.
e Collaborative.
® Productive failure.

e Complex problem solving.
e Collaboration with others.
e (Creativity.

e Mindset.
e Disposition.
e Community.

Making connections.
Making choices.
Managing change.
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Padlet link: https://tinyurl.com cm49f-,§~
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https://tinyurl.com/ycjjm49f

Response to Task Wall Padlet Wall/Menti




WORKING
WITH
OTHERS
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Outline of Key Skills

MANAGING
INFORMATION
& THINKING

BEING
CREATIVE

Junior Cycle Key Skills

INFORMATION

PROCESSING

CRITICAL THE
AND LEARNER

CREATIVE
THINKING

BEING
PERSONALLY
EFFECTIVE

WORKING
WITH
OTHERS

Senior Cycle Key Skills
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Structure of Curriculum

/ Strand 2 \ /

Mathematical
modelling with
networks and graphs

G TR

Mathematical
modelling the
physical world

~
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/ Strand 4 \

81 g
Susceptible

Infectious ~ Recovered

Mathematical
modelling a
changing world

Mathematical Modelling

Strand 1




Overview of New Specification

Strand 1: Mathematical modelling

In this unifying strand students learn about mathematical
modelling as a process that will develop skills such as:

* Formulating problems

e Translating problems into mathematics
 Computing solutions

e Evaluating solutions

19

Approximations

Real-world problem
Interdisciplinary

Mathematical
modelling

Mathematical models
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Assessment and Coursework

Y

Ordinary and Higher Level

(Applied Maths Specification, p. 22)



i

Analyse your allocated topic based on the Group number you are assigned:

Task 2: Specification Analysis

Group 1 Group 2 Group 3 Group 4
Aims & Overview & Teaching & Strand 1
Objectives of Structure Learning Mathematical
Specification Modelling
Pg 6-7 Pg 9-10 Pg 13 Pg 16

Share the key messages from your piece and one point about what this means
for your teaching of Applied Mathematics with the group.

What student skills are being developed from your reading of the specification?
Padlet link: https://tinyurl.com/y7vjtmh7 E l'g.-""'!"E

: R


https://tinyurl.com/y7vjtmh7

Feedback from Groups




Development of Learning Outcomes

23

Strands and learning outcomes

Strand 1: Mathematical modelling

In this unifying strand students learn about mathematical modelling as a process that uses
mathematics to represent, analyse, make predictions or otherwise provide insight into real-world
phenomena. The process is iterative and translates between the real world and mathematics in

both directions and involves a number of stages. As they model authentic problems, students learn
to appreciate the importance of mathematics in understanding the world around them and realise
that although mathematical models are not perfect predictors of what will happen in the real world,
they can offer important insights into key elements of a problem. Students become comfortable
with uncertainty; not knowing an answer immediately does not deter them and learning from their
peers is a valuable part of the process. They learn the importance of assumptions to the modelling
process, and how they affect the validity of a model. They recognise that mathematical models are
used to inform many decisions that directly affect their lives, and that being able to critically evaluate
mathematical models is a desirable skill for them to acquire.

STUDENTS LEARN ABOUT STUDENTS SHOULD BEABLETO

The problem-solving cycle » describe a systernatic process for solving problems and making
decisions

Formulating problems

-

research the background to a problem to analyse factors or
variables that affect the situation

-

determine information relevant to the problem

A

decompose problems into manageable parts

determine what assumptions are necessary to simplify the
problem situation

Translating problems into use abstraction to describe systems and to explain the
mathematics relationship between wholes and parts

abstract the knowledge needed to build a mathematical model

-

v -

translate the information given in the problem together with
the assumptions into a mathematical model that can be solved

PDST

Professional Development
Service for Teachers

An tSeirbhis um Fhorbairt
Ghairmidil do Mhiinteoiri



Modelling Project Overview

Common brief issued annually by the State Examinations Commission (SEC)

for both OL and HL.

ﬁ ‘Modelling problems require the solver to PDS‘\'&

research the situation themselves, make st Delopment | o e um horar
reasonable assumptions, decide which
variables will affect the solution and develop
a model that provides a solution that best

describes the situation
KSpecification p. 10

Applied

Mathematics

Curriculum Specification

Students present a solution to an authentic modelling problem.

Allows students to demonstrate proficiency in course content and skills.

24



Task 3: Introduction to Mathematical Modelling et

How far apart should speed bumps be placed so that traffic does not reach a speed greater than
50 km/h?

r
A A
What factors will affect the formulating of this problem?
What assumptions will you make? _ &ﬁ‘ﬁ

Padlet link: https://tinyurl.com/yaxc9lir

25


https://tinyurl.com/yaxc9llr

Feedback from Groups




“Students learn the importance of PDS"\'é

assumptions to the modelling process, and wisminedmet | I Ssbun
how they affect the validity of a model.”
Specification p. 16

Modelling Task: Speed bump design

Applied
Mathematics

Curriculum Specification

Sample of assumptions made:

® Acaris a particle.

® The road conditions are good.

® The road is horizontal.
® The speed of the car is approximately zero when it crosses the bumps.
e All cars slow down according to the table of stopping distances outlined by the RSA.

® All cars speed up at the same rate as they slow down.

27



Modelling Task: Speed bump design

28

RSA Total Minimum Stopping Distance (m)

#m Under Dry Conditions s Under Wet Conditions
12 16

18 25

PEeEE®O®OGE®

Om S0m 100m 150m 200m

Source: Transport Research Laboratory, UK, 2012, © Road Safety Authority, 2012

PDSTO

1 D Ip IA tSeirbhi Fhorb:
Ghairmidil do Mhiinteoiri



Modelling Task: Speed bump design

First Considerations for a Solution:

Based on our assumptions we formulate the mathematical model:
Distance between speed bumps = 2 x stopping distance

Using this model we can calculate the required stopping distance as 50 m (the distance to speed up to

50 km/h plus to slow down from 50 km/h).
A person solving this problem in real life may be able to set up some experimental bumps and observe

the cars between them.
There are many ways in which this model could be refined for further iterations, for example:

e Modelling the car as a rigid body that has length.
® Research alternative models to describe how a car gains speed and slows down.

® The car crosses the bumps at a low speed, for example 5 km/h.




“In strands 2, 3 and 4, students
will encounter both modelling
and word problems that cross
many disciplines.”
Specification p. 10

Modelling Task: Speed bump design

Extension Questions?

Suggestions:

1. Gather appropriate data on the lengths of cars and revise the
solution to the speed bumps problem to take account of this
factor.

2. Describe how changing the speed at which the vehicle crosses

the bumps would change the solution to the problem.

30



Supporting Students in Mathematical Modelling

How will we adapt our teaching to encourage students to create their own

unique models?

What can we do to develop student agency and challenge them to reach

a deeper level of understanding of mathematical modelling?

How can we develop students’ skills in the evaluation and improvement

of their model after iterations?

31

/”The student demonstrating

high level of achievement: P D s -.\-é

Pf IDIp AShh m Fhorbairt

addresses the viabilityand | " | it
reliability of the mathematical

modelling solution”
Modelling Project Assessment >U

KCnterla, Specification p. 24




Reflection: Session 1

What are your main takeaways from Session 17?

What key messages have you taken from this session, regarding the

teaching and learning of the specification?
\___.7

32



Session 2:
Networks and Graph
Theory

11:30 - 13:00



By the end of this session you will
have:

Experienced approaches to teaching and learning which support the
aims of the specification

Discovered the uses of Graph Theory and Algorithms to solve real world
problems.

Experienced Minimum Spanning Trees (MST) and their applications.

34




PDSTO
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ice for Teachers Ghairmidil do Mhiinteoiri

Networks and Graph Theory: Introduction

Graph Theory is a branch of Mathematics concerned with networks of points connected by lines.

STUDENTS LEARN ABOUT STUDENTS SHOULD BE ABLE TO . .
Mathematical Modelling

Networks and their associated » represent real-world situations in the form of a network

terminology » use and apply the following network terminology: vertex /

node, edge/arc, weight, path, cycle .
Formulating

» distinguish between connected and disconnected graphs, and e

between directed and undirected graphs

» represent a graph using an adjacency matrix, and reconstruct a
graph from its adjacency matrix

Matrices, matrix algebra and

adjacency

» perform multiplication of square matrices by hand, with the
help of a computer for larger matrices Evaluating Translate to

» interpret the product of adjacency matrices Solutions Mathematics
» translate between multiple representations of mathematical ideas

Minimum spanning trees » demonstrate an understanding of the concepts of tree,

applied to problems involving spanning tree, minimum spanning tree in appropriate contexts

optimising networks and » use appropriate algorithms to find minimum spanning trees Computing

algorithms associated with
finding these (Kruskal, Prim)

Solutions

35 (Applied Maths Specification, p. 17)



o” . .
determine what assumptions are
necessary to simplify the problem

situation”

Specification p. 16

Task 4: New Broadband for Mallow! @@

Sean works for the County Council who are planning to
connect a number of buildings in Mallow, Cork with an
upgraded broadband network.

They will connect the buildings by laying cables in the ground
following the current road layout.

What information does Sean require in order to complete
this plan?

= =y
Padlet Link: https://tinvurl.com/vdgnnmaq9 E ‘;g;..*.

36


https://tinyurl.com/ydgnnmq9

Response from Groups
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New Broadband for Mallow!

Buildings to be connected:

TESCO

< |IRELAND. aw

McDonalds Costa Coffee Garda Station Tesco Library

Map of Mallow

38


https://www.google.com/maps/place/Mallow,+Co.+Cork/@52.1374423,-8.6451578,17.5z/data=!4m5!3m4!1s0x4844b955db9242eb:0xa00c7a9973212f0!8m2!3d52.1389762!4d-8.6539164

Task 4: New Broadband for Mallow!

Road distances between each building (to the nearest metre)

Garda St.

Costa

McDonald’s

Tesco

Library

Garda St.

500

170

900

550

Costa

500

400

700

300

McDonald’s

170

400

600

400

Tesco

900

700

600

700

Library

550

300

400

700
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FiVast Q

Colemans Millstreet
Limited Mallow

FISHING TACKLE

Garda Station ? Q

Mallow Garda S(a‘

3

5
=
g
5]

& BOATS
W West End Art Studio  Fishing store
End Temporarily closed
‘{ Bank of !reJande
¢ 9
Pi Cycles
Bicycle store
U‘m\?\s'

permanem tsb

McDowmm

MLDuna\d 5
ake:

/”research the background to a

Qpecification p. 16

Chapes Lane

‘:o Superstore
Tesco

any soweris

Town Park, Mallow
United AFC

N72

Park West Flowers

Florist Q

9 Stunners hair salon

N72

PDSTS

Professional Development | An tSeirbhis um Fhorbairt
Service for Teachers Ghairmidil do Mhiinteoiri

problem to analyse factors or
variables that affect the situation
- determine information relevant to

the problem

-determine what assumptions are

necessary to simplify the problem -—
situation” Mabonst

N72

Patrician Academy

St Patricks
National Schoo

&
;
Q @ Vincent's Mallow
E-Lixor Vaping Mallow w,,
Vaporizer store og;;
on
+S Market Square
s Underground Car Park
9 £ Shopping mall
S
Turas Nua &5 I3
Mallow District Court ~
Blackwater Citizens Information
K < Centre (Mallow N72
Veterinary Clinic 9 Shovgg, ( ) ma
Sty

QDunnes Stores

¥
$
& Brand Max
" Discount store Q

Globe Cafe Mallow
Takeout Xtreme CSC Mallowv o N72
EARS Tyre & £

ffee

1S Jed

Hxve nian Hotel

Costa

Elm ¢

&
& Auto Repair Centre &
y GameStop Auto repair shop I
" Video game store S
2 o W ()
2 » \
Q é Brudairs Bakery )
o 2 & Coffee Shop 7
z % Takeout /" LilyRose Br
3l Saint Mary's Catholic Social Welfare Branch \< Bridal shop
Church, Mallow Office, Mallow S

O'Connell N
Funeral Directors

Applegreen
The Gallery Bar

2 Li br?ry & Restaurant
Mallow Town Libr:
- P 172 B €1 Apache Pizza Mallow

1y oL
e



Task 4: New Broadband for Mallow!

0 Garda Station v

Tesco

40




Service for Teachers Ghairmidi do Mhiinteoiri

Task 4: New Broadband for Mallow!

Garda Station

Total minimum length of Cable required: m

Padlet Link: https://tinyurl.com/ydgnnmq9 Costa

FF-F "‘a' Tesco

a1 Library


https://tinyurl.com/ydgnnmq9

Task 4: Review of Solutions

42

5

4

Q)ecification p. 11 /

) PDSTO
“One of the most beneficial outcomes of Pt o e ::;f;.i::r'::m::i::‘;:z::
working with others is in identifying, evaluating
and achieving collective goals. Students learn to
negotiate and resolve differences of opinion as
they discuss their different strategies and

achieve compromise. ”




Garda Station

Task 4: Reflection on your Approach:

What factors influenced your decisions?

Could your approach be improved?

Library

Give a reason as why you didn’t include both 400

~ Garda Stati
metre options? arda Station

Costa

300

Library
43



PDSTO
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“Students should be able to: use and apply the
following network terminology: vertex / node,
edge/arc, weight, path, cycle.”

Specification p. 17

Understanding Terminology

Vertex/Node _ .
\:arda Station
Oslo
Edinburgh
Costa
Dublin
300
— Edge/Arc "
‘ ge/
\ Library
Monaco Weight

a4



“Students should be able to demonstrate an
understanding of the concepts of tree,
spanning tree, minimum spanning tree in
appropriate contexts”

Specification p. 17

ofessional Development I An tSeirbhis um Fhorbairt
ice for Teachers Ghairmidil do Mhiinteoiri

PDSTO

What defines a Tree?

Garda Station

Oslo
N Tr
Edinburgh Rg==—nl10t 3 rec
Tree
Dublin Costa
‘ 300
Library

Monaco
Given your understanding of what a tree is, can you explain what a spanning

tree and a minimum spanning tree are?

45



K”Students should be able to
demonstrate an understanding of the
concepts of tree, spanning tree,
minimum spanning tree in appropriate
contexts”.
Qpecification p. 17

PDSTH

Professional Development I An tSeirbhis um Fhorbairt
Service for Teachers Ghairmidil do Mhiinteoiri

}

What is a Minimum Spanning Tree?

Oslo Minimum Spanning Tree Garda Station

927

Edinburgh

348 875

Dublin
1805

300

1450

Library
Monaco

A Minimum Spanning Tree (MST) is a such that the total weight of its

as possible.




Task 5: Describe the Best Approach

Create a step-by-step approach to create a Minimum Spanning
Tree (MST) for any network using suitable terminology.

What other applications could this approach be used for?

Padlet link: https://tinyurl.com/ydd2uyjm

47
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https://tinyurl.com/ydd2uyjm

Response from Groups




“use algorithms to solve problems ”
Specification p. 17

Kruskal’s Algorithm

The purpose of Kruskal’s Algorithm is to find a
subset of the edges that forms a tree and

includes every vertex where the total weight of

all of the edges is a minimum.

Note: Kruskal’s algorithm is a greedy algorithm which is where it builds up a
solution piece by piece, always choosing the next piece that offers the most

obvious and immediate benefit. !.J
49



What is an Algorithm?

50



http://www.youtube.com/watch?v=e_WfC8HwVB8

“Students should be able to: represent
real-world situations in the form of a
network.”

Applications of Graph Theory
using Algorithms

- Bayswater X () I_ -
TS Lancaster Gate D &
. B Marble Bond Oxford
Notting Arch Street Circus
Hill Gate
Queensway \|
: Green Park //// ((l‘” i
P Hyde Park \
e yCorner ® ; ; //1'(“ :
%a L High Street Piccadilly y
Kensington Circus
Charing
Knightsbridge == Cross
Gloucester
Road Coml == St. James’s
o Victoria Park
@ ,‘ s South Sloane Westminster
[ 1 ] rt Kensington ~ Square =

Reflecting on each of the four images above, is it immediately clear how each one may
have a link with graph theory?

Source: Mathigon
51



Reflection on Teaching and Learning: Session 2

Consider the approaches to teaching a rning

session.

ring this 8 8

Consider how these approaches support theg f the
specification. '

Padlet link: https://tinvurl.com/y4d9hxpx

52


https://tinyurl.com/y4d9hxpx

Response/feedback from group/

53
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LUNCH

See you at 13:45



Session 3

Algorithms and PLCs



Service for Teachers

By the End of this Session you will have:
An understanding of Prim’s algorithm and its distinctions with Kruskal’s Algorithm.

Further developed your understanding of how to use algorithms and the role of

mathematical modelling in doing so.

Experienced additional approaches to teaching and learning which support the aims

of the specification.

Explored the benefits of Professional Learning Communities (PLCs) and the role
they play in professional development.

56
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For the network below, a student has commenced finding the minimum spanning tree (MST) using Kruskal’s
algorithm. The student’s work is highlighted in red.

Is the student’s work correct so far? If not, please correct it and then complete
the MST to determine the weight of the tree. |
B 8 F 7

2. Find the nexiedge of least weig

2
ected, don’tchooss
11

57


https://tinyurl.com/yazqwtd4

Response 1

58




Response 2

59




Task 6 - Solution

Solution 1

B 8 F
4
2
A PN
o— —o—
C 1 D

60

Weight =37

T ntrrescm™ | it o it
Solution 2
B F 7 J
9
2
E ® 4 |

—o—

C 1 D 2 H



/” The focus on the experiential approach to
teaching and learning, which is central to
applied mathematics, means that students can
be engaged in learning activities that
complement their own needs and ways of

Reflection on Teaching and Learning: Task 6 | coing-

Qpecification p. 14

PDS"\'&

ID Ip IA tSeirbhis um Fhorbairt
eeeeeeeeeeeeee Ghairmidil do Mhdinteoiri

Curiculum Specication

What did you notice about the teaching and learning approach used
here?

What are some of the benefits for students of using an approach like this?

Further reading: Atkinson, R. K., Renkl, A. and Merrill, M. M. (2003)
‘Transitioning from studying examples to solving problems: effects of

61 self-explanation prompts and fading worked-out steps.



“determine what assumptions are necessary to
simplify the problem situation”

Specification p. 16

Task 7: Plan Jennifer’s Day

Jennifer is a GAA coach and is looking to increase the uptake of camogie amongst primary school
children in different counties. On Tuesday she will visit Tipperary to deliver equipment and she is
hoping to get all of her visits done in one day. She must visit one school in each of: Nenagh,
Thurles, Clonmel, Carrick-on-Suir, Cashel and Roscrea.

She will start in Carrick-on-Suir school and will not return to Carrick-on-Suir.

What information is required to ensure that her journeys are completed as effectively as possible?

Padlet link: https://tinyurl.com/yccxgdon
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https://tinyurl.com/yccxgdon

Response from individual participants

VISITED LIST
{ Letterfrack Tullycross Moyard Cleggan Garraun Kylemore }

63



“It is anticipated that digital
technology will be used as a learning

TaSk 7 . Pla 1] Je nn ife r’S Day tool in some aspects of this course.”

Specification p. 6

PDSTS

Professional Development | An tSeirbhis um Fhorbairt
Service for Teachers Ghairmidil do Mhiinteoiri

Time to Travel between Towns (in minutes) > —
g et
ick-On- A )
Nenagh | Roscrea | Thurles | Cashel Clonmel Carrs:::JIi(rOn

Nenagh - 25 39 - - -
Roscrea 25 - 39 - - -

Thurles 39 39 - 21 44 57 I l
Cashel - - 21 - 30 -

— —
Clonmel - - 44 30 - ?
Carrlcl'(-On- ] ) 57 ] 5 ) -
Suir

Task: Use digital technology to find any unknown times, all times can be rounded to the nearest minute.
(a) Create the overall network, using the direct connections as shown in the table above. L J

(b) Identify the most efficient way for her to visit all of the towns if she must start in Carrick-on-Suir.
(c) Determine her total time driving in visiting all of the towns.

64



Response/feedback from group

65



Task 7: Plan Jennifer’s Day

(b)

(c) Total time =25+39+ 21+ 30+ 18 =133 mins




PDSTO
Alternative Approaches to finding a Minimum Spanning Tree
oo




spanning trees”

“use appropriate algorithms to find minimum
Specification p. 17

Prim’s Algorithm

1. To begin, pick any vertex/node (unless a predetermined
one is indicated).

2. Find all the edges that connect the tree to new nodes,

select the minimum and add it to the tree, ensuring to
avoid cycles.

3. Keep repeating step 2 until we get a minimum spanning
tree with all nodes connected and cycles avoided.

It can be helpful to write a visited list to keep track of nodes Dj

that are already in the minimum spanning tree.

Note: Prim’s algorithm is a greedy algorithm which is where it builds up a solution piece by
piece, always choosing the next piece that offers the most obvious and immediate benefit.

68



Background to Prim’s Algorithm

69

Prim’s  Algorithm was originally
discovered in 1930 by Vojtech Jarnik
and was then independently

discovered by Robert Clay Prim in
1957.

starts by picking a

The purpose of Prim’s Algorithm is to

find a subset of the edges that forms
a tree which includes every vertex
where the total weight of all of the
edges is a minimum.




Task 8: Connect the Villages

An energy supply company wishes to connect six villages in Connemara. The company will need to build
a substation at one of the villages where this cost of building is the same at each village. The cost of

connecting each village is outlined in the table below.

a) Use Prim’s algorithm to calculate the
minimum cost energy supply network
that would connect all 6 villages
separate to the substation cost and
show the minimum spanning tree.

Padlet link: https://tinyurl.com/ybtlsamb
i

h&".

e
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Cost of connection between each village
Cleggan | Moyard | Letterfrack | Tullycross | Garraun | Kylemore
Cleggan - €5,000 €8,000 €19,000 - -
Moyard €5,000 - - €8,000 €10,000 -
Letterfrack | €8,000 - - €11,000 - €13,000
Tullycross | €19,000 | €8,000 €11,000 - €6,000 €25,000
Garraun - €10,000 - €6,000 - €21,000
Kylemore - - €13,000 €25,000 | €21,000 -



https://tinyurl.com/ybtlsamb

Task 8: Connect the Villages. Worked solution (a)

The network shows 6 villages and the cost, in thousands of euros, of connecting them with a new

energy supply
Garraun

Moyard 10

a) Calculate the
minimum cost energy
supply network that
would connect all 6
villages and show the
minimum spanning Cleggan

tree (MST). Tullycross 21

Note: Weights are per €1,000

Letterfrack 13 Kylemore
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Task 8: Connect the Villages

PDSTO

Pf IDIp
eeeeeeeeeeeeee

The cost of connecting six villages in Connemara with a new energy supply is represented in

the chart below.

b) Use Kruskal’s algorithm to calculate
the minimum-cost energy supply
network that would connect all 6
villages separate to the substation cost
and show the minimum spanning tree.

“translate the information given in
the problem together with the
assumptions into a mathematical
model that can be solved”

Applied Specification p. 16/
Mathematlcs %

IA tSei h|| im Fhorbai
Ghairmidil Idthulnteoiri

Cost of connection between each village

Cleggan Moyard Letterfrack | Tullycross Garraun Kylemore
Cleggan - €5,000 €8,000 €19,000 - -
Moyard €5,000 - - €8,000 €10,000 -
Letterfrack | €8,000 - - €11,000 - €13,000
Tullycross | €19,000 €8,000 €11,000 - €6,000 €25,000
Garraun - €10,000 - €6,000 - €21,000
Kylemore - - €13,000 €25,000 €21,000 -
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Task 8: Connect the Villa ges. Worked solution (b) P |
The network shows 6 villages and the cost, in thousands of euros, of connecting them with a new

energy supply

Moyard 10 Garraun

Calculate the minimum cost
energy supply network that
would connect all 6 villages
and show the minimum
spanning tree (MST).

Cleggan
21

Tullycross

Note: Weights are per €1,000

Letterfrack 13 Kylemore
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“interpret the mathematical solution in

terms of the original situation”

Specification p. 16

(c) Selecting appropriate Algorithm - Group Task

A new minimum spanning tree is
required which includes the links
between Tullycross and Garraun as well
as Garraun and Kylemore.

In groups,
1. Select and justify the most appropriate
algorithm to solve this problem
2. Determine the new cost.
3. Consider possible extensions to
this problem.
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Cost of connection between each village

Cleggan | Moyard | Letterfrack | Tullycross | Garraun | Kylemore
Cleggan - €5,000 €8,000 €19,000 - -
Moyard €5,000 - - €8,000 €10,000 -
Letterfrack | €8,000 - - €11,000 - €13,000
Tullycross | €19,000 €8,000 €11,000 - €6,000 €25,000
Garraun - €10,000 - €6,000 - €21,000
Kylemore - - €13,000 €25,000 | €21,000 -




: . PDSTO
Task 8: Connect the Villages. Worked solution (c) " | SR

c) A new spanning tree is required which includes the links between Tullycross and Garraun as well as

Garraun and Kylemore, which also has the lowest possible total weight. Explain which algorithm you would
choose to complete the tree, and how the algorithm should be adapted.

Garraun
Moyard 10

“use appropriate algorithms to find
minimum spanning trees”

Specification p. 17 Cleggan

21

Tullycross

Applied
Mathematics

Curriculum Specification

¥ Note: Weights are per €1,000
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Letterfrack 13

Kylemore



Garraun

Task 8: Connect the Villages voyard

Cleggan
Tullycross

(a)/(b) Minimum Cost =
€40,000

Letterfrack 13 Kylemore

(c) Start off the tree with links between Tullycross and Garraun as
well as Garraun and Kylemore and then apply Kruskal’s algorithm.

Garraun

Moyard

Cleggan

Cost =€48,000

Letterfrack Kylemore
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PD

fessional Development
Service for Teachers

Note: Weights are per €1,000

Real-world problem
Interdisciplinary

8o
g
2

g

:
=
:

Approximations

Mathematical models




Reflection: Teaching and Learning in Algorithms

Consider the approaches to teaching and learning used during
this session.

Identify how these approaches support the aims of the
specification.
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Reflection: Teaching and Learning in Algorithms

Did you enjoy the teaching and learning approaches in the previous
tasks?

What role did the student play in the development of understanding?

How could you add to differentiated teaching & learning skills as you
experienced them today?

What are the implications of the new specification on your teaching of
Applied Maths?
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Professional Learning Communities (PLC)

Teacher lead with support from PDST.

Teachers work/support each other in the development of knowledge,
teaching and learning approaches etc.

Long-term support network.

Evening sessions (Face to face/online).

“None of us is as smart as all of us”
- Japanese Proverb
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Next Steps?

Next meeting - PLC 1 (March 2021).

Focus of PLC 1 may be Mathematical Modelling depending on feedback.

Teachers and PDST will work together to develop understanding of the
modelling cycle and formulating problems.

Why not try today’s modelling task with one of your classes (e.g.
Transition Year)

And/or try the takeaway problem in the booklet yourself.
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What’s next? Timeline 2020 - 2021

National Seminar 1 National Seminar 2 Webinar
Jan 21 Apr 21 May 21
Nov ‘20 Mar ‘21
O @ Assess feedback from
Webinar PLC Seminar 1 &2
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Supports Provided by PDST

PDST
Supports

Professional

Seminars Webinars Learning
Communities

School Visits

Single Visit
Sustained
Support

PDST Websites

pdst.ie
Scoilnet.ie


http://www.pdst.ie
http://www.scoilnet.ie

Evaluation
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Google Forms


https://forms.gle/yzJgLVeMHEbYxBBf8

Takeaway Problem: Driving for Fuel

Station A is on your normal route home
from school and is selling petrol this week
for €1.16 per litre while Station B, which is
5 km off your normal route is selling petrol
for €1.13 per litre. Station C has the least
expensive petrol but is 10 km off your
route.

Your car uses 5 litres/100km and your
neighbour’s car uses 14 litres/100km.

€1.09/litre

L]

10 km

€1.16/litre

Home

Should either or both of you, drive to Station B
or Station C for Petrol. Explain your decisions.
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5 km

8]

€1.13/litre

Source: GAIMME 2016, p. 181

School



Questions?

e Any further questions please contact: appliedmaths@pdst.ie

e Follow us on Twitter: @PDSTAppliedMath y
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