
Critical Thinking, Coding 
& Algorithmic Thinking

Dr. Joanne Blannin
Digital Learning Leader

Melbourne Graduate School of Education



DET - Digital 
Learning 
Branch

Worked with 
400 Victorian 

Schools in 
past 5 years

Primary & 
secondary 

school 
leadership

Research: 
leadership & 
technological 

change

Outdoor 
education 
curriculum 

director

Private, 
Catholic & 

Independent 
schools

Teaching in 
masters of 

Instructional 
Leadership

Teaching: 4 
countries in 3 

languages

International 
research 
Fellow – 
learning 
spaces

International 
presenter – 

digital 
pedagogies

Dr. Joanne Blannin



01 General Capabilities
Connecting ICT & Critical and Creative Thinking

02 Leveraging Technology
How, why and what?

03 Robots & Coding
Algorithms, and mathematical learning

04
Virtual Reality,  Machine Learning & Maths
Bots and personalizing learning

05 Technology for Mathematics learning



Technology

Mathematics
Critical & 
Creative 
Thinking

Learning 
Experiences



General Capabilities



In the Australian Curriculum, students develop Information and Communication 
Technology (ICT) capability as they learn to use ICT:

• Effectively and appropriately,

• To access, create and communicate information and ideas,

• To solve problems,

• And work collaboratively in all learning areas at school and 

in their lives beyond school

• … decision-making, communication, creative expression 

and empirical reasoning

 

“
“

ICT Capability



The nature and scope of ICT 
capability is not fixed, but is 
responsive to ongoing 
technological developments. 



In the Australian Curriculum, students develop capability in critical and 
creative thinking as they learn to:

• Generate and evaluate knowledge

• Clarify concepts and ideas

• Seek possibilities, 

• Consider alternatives,

• And solve problems.

• using skills, behaviours and dispositions such as reason, logic, 

resourcefulness, imagination and innovation… 

“
“

Critical and Creative Thinking

“



General Capabilities Compared …

Critical and Creative Thinking

Problem Solving

using skills, behaviours and dispositions 
such as reason, logic, resourcefulness, 
imagination and innovation…

Information, Communication Technologies

Problem Solving

Generate and evaluate knowledge

Consider Alternatives

Access, create & communicate information & ideas

Use technology effectively & appropriately

… decision-making, communication, 
creative expression and empirical 
reasoning



Mathematics Curriculum

Victorian Curriculum – Level 4 National Curriculum – Level 4



https://www.australiancurriculum.edu.au/me
dia/1072/general-capabilities-creative-and-cr
itical-thinking-learning-continuum.pdf 

https://www.australiancurriculum.edu.au/media/1072/general-capabilities-creative-and-critical-thinking-learning-continuum.pdf
https://www.australiancurriculum.edu.au/media/1072/general-capabilities-creative-and-critical-thinking-learning-continuum.pdf
https://www.australiancurriculum.edu.au/media/1072/general-capabilities-creative-and-critical-thinking-learning-continuum.pdf


✓ Interpreting,
✓ Analysing,
✓ Evaluating,
✓ Explaining, 
✓ Sequencing, 
✓ Reasoning, 

✓ Comparing, 
✓ Questioning, 
✓ Inferring, 
✓ Hypothesising, 
✓ Appraising, 
✓ Testing, and 
✓ Generalising.

Examples of critical thinking skills are:

https://www.australiancurriculum.edu.au/f-10-curriculum/general-capabilities/critical-and-creative-thinking/ 

https://www.australiancurriculum.edu.au/f-10-curriculum/general-capabilities/critical-and-creative-thinking/
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Leveraging Technology



Predication: Tech will 
double in speed and 
halve in size every 18 
months (Moore’s law)

Reality….





"We won’t experience 100 years of 

progress in the 21st century — 

it will be more like 20,000 years of 

progress (at today’s rate)" 

Kurzweil in 2001. (BigThink)2001



Jobs of the future….

http://www.lizengland.com/blog/2014/04/the-door-problem/ 

http://www.lizengland.com/blog/2014/04/the-door-problem/


▪ Are there doors in your game?

▪ Can the player open them?

▪ Can the player open every door in the game?

▪ Or are some doors for decoration?

▪ How does the player know the difference?

▪ Are doors you can open green and ones you can’t red? Is there trash piled up in front of doors you can’t 
use? Did you just remove the doorknobs and call it a day?

▪ Can doors be locked and unlocked?

▪ What tells a player a door is locked and will open, as opposed to a door that they will never open?

▪ Does a player know how to unlock a door? Do they need a key? To hack a console? To solve a puzzle? To 
wait until a story moment passes?

▪ Are there doors that can open but the player can never enter them?

▪ Where do enemies come from? Do they run in from doors? Do those doors lock afterwards?

▪ How does the player open a door? Do they just walk up to it and it slides open? Does it swing open? 
Does the player have to press a button to open it?

▪ Do doors lock behind the player?

▪ What happens if there are two players? Does it only lock after both players pass through the door?

▪ What if the level is REALLY BIG and can’t all exist at the same time? If one player stays behind, the floor 
might disappear from under them. What do you do?

Premise: You are making a game.



Do you stop one player from progressing any further until both are together in the same 
room?

Do you teleport the player that stayed behind?

What size is a door?

Does it have to be big enough for a player to get through?

What about co-op players? What if player 1 is standing in the doorway – does that block 
player 2?

What about allies following you? How many of them need to get through the door without 
getting stuck?

What about enemies? Do mini-bosses that are larger than a person also need to fit through 
the door?

Premise: You are making a game.



The Other Door Problems

To help people understand the role breakdowns at a big company, I sometimes 
go into how other people deal with doors:

• Creative Director: “Yes, we definitely need doors in this game.”

• Project Manager: “I’ll put time on the schedule for people to make doors.”

• Designer: “I wrote a doc explaining what we need doors to do.”

• Concept Artist: “I made some gorgeous paintings of doors.”

• Art Director: “This third painting is exactly the style of doors we need.”

• Environment Artist: “I took this painting of a door and made it into an object in the game.”

• Animator: “I made the door open and close.”

• Sound Designer: “I made the sounds the door creates when it opens and closes.”

• Audio Engineer: “The sound of the door opening and closing will change based on where the player is and 
what direction they are facing.”

• Composer: “I created a theme song for the door.”

• FX Artist: “I added some cool sparks to the door when it opens.”

• Writer: “When the door opens, the player will say, ‘Hey look! The door opened!’ “

• Lighter: “There is a bright red light over the door when it’s locked, and a green one when it’s opened.”



Legal: “The environment artist put a Starbucks logo on the door. You need to remove that if you don’t 
want to be sued.”

Character Artist: “I don’t really care about this door until it can start wearing hats.”

Gameplay Programmer: “This door asset now opens and closes based on proximity to the player. It can 
also be locked and unlocked through script.”

AI Programmer: “Enemies and allies now know if a door is there and whether they can go through it.”

Network Programmer: “Do all the players need to see the door open at the same time?”

Release Engineer: “You need to get your doors in by 3pm if you want them on the disk.”

Core Engine Programmer: “I have optimized the code to allow up to 1024 doors in the game.”

Tools Programmer: “I made it even easier for you to place doors.”

Level Designer: “I put the door in my level and locked it. After an event, I unlocked it.”

UI Designer: “There’s now an objective marker on the door, and it has its own icon on the map.”

Combat Designer: “Enemies will spawn behind doors, and lay cover fire as their allies enter the room. 
Unless the player is looking inside the door in which case they will spawn behind a different door.”

Systems Designer: “A level 4 player earns 148xp for opening this door at the cost of 3 gold.”

Monetization Designer: “We could charge the player $.99 to open the door now, or wait 24 hours for it to 
open automatically.”

QA Tester: “I walked to the door. I ran to the door. I jumped at the door. I stood in the doorway until it 
closed. I saved and reloaded and walked to the door. I died and reloaded then walked to the door. I 
threw grenades at the door.”

UX / Usability Researcher: “I found some people on Craigslist to go through the door so we could see 
what problems crop up.”



Localization: “Door. Puerta. Porta. Porte. Tür. Dør. Deur. Drzwi. Drws. 문”

Producer: “Do we need to give everyone those doors or can we save them for a pre-order bonus?”

Publisher: “Those doors are really going to help this game stand out during the fall line-up.”

CEO: “I want you all to know how much I appreciate the time and effort put into making those doors.”

PR: “To all our fans, you’re going to go crazy over our next reveal #gamedev #doors #nextgen #retweet”

Community Manager: “I let the fans know that their concerns about doors will be addressed in the 
upcoming patch.”

Customer Support: “A player contacted us, confused about doors. I gave them detailed instructions on 
how to use them.”

Player: “I totally didn’t 
even notice a door 
there.”



“The difference in the participation rates was not statistically significant between children living in major cities 
(91%) and remote and very remote areas of Australia (88%)”  (Australian Bureau of Statistics, 2016).



Create Communicate Collaborate Web 2.0 
Technologies

Wisdom-Web

People-centric Web

Participative Web

 Read/Write Web 

Ang & Wang, 2006; Doherty, 2011; 
Gregory & Lloyd, 2010; Passey, 

Rogers, Machell, & McHugh, 2004; 
Selwyn, 2010; Zylka, Christoph, 
Kroehne, Hartig, & Goldhammer, 

2015). 

(Murugesan, 2007 )

an emerging research base, in 
a number of international 

research studies, suggests a 
positive impact of Web 2.0 
resources on outcomes for 

student learning



Robots & Coding

MENU





You might have experienced the power of an algorithm 
when the information you were looking for was at the top 

of your search results or when your GPS device 
suggested another travel route based on traffic. 



Australian Curriculum definition 
of:

Algorithms
“Step-by-step procedures required to solve a problem.” 

An algorithm may be described in many ways. 

Flowcharts are often useful in visualising an algorithm.







http://mentalfloss.com/article/28052/10-funny-and-fabulous-flowcharts 

http://mentalfloss.com/article/28052/10-funny-and-fabulous-flowcharts








Fixing the Odds

You have two bags, four red balls and four white 

balls. You must put all the balls in the bags 

although you are allowed to have one bag empty. 

How should you distribute the balls between the 

two bags so as to make the probability of choosing 

a red ball as small as possible and what will the 

probability be in that case?

https://scratch.mit.edu/projects/53219390/#editor 

https://nrich.maths.org/580
https://scratch.mit.edu/projects/53219390/#editor


https://scratch.mit.edu/projects/53219390/#editor 

https://scratch.mit.edu/projects/53219390/#editor


Hour of Code

https://code.org/learn 

https://code.org/learn




https://hourofcode.com/au/learn?grade=6-8&subject=math 

https://hourofcode.com/au/learn?grade=6-8&subject=math


http://gpblocks.org/hourOfCode2017b/ 

http://gpblocks.org/hourOfCode2017b/


https://youtu.be/4IIaGeNfVYg. (5sec) 

Data Generation
Using Sphero robots and coding 

Mathematics – Data, Measurement, 
Mean, Median & Mode.

Skills students develop:
•Coding using block code

•Percentages, Angles, Measurement, 
Time, Distance, Speed

•Data, Analysing data, Mean, Median & 
Mode

https://elenikyritsis.com/2016/08/20/spheros-in-the-classroom/ 

https://youtu.be/4IIaGeNfVYg
https://elenikyritsis.com/2016/08/20/spheros-in-the-classroom/
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https://www.australiancurriculum.edu.au/me
dia/1072/general-capabilities-creative-and-cr
itical-thinking-learning-continuum.pdf 

Organise & process information

Thinking about thinking

Seek solutions and put ideas in 
action

Apply logic and reasoning

Evaluate procedures & outcomes

https://www.australiancurriculum.edu.au/media/1072/general-capabilities-creative-and-critical-thinking-learning-continuum.pdf
https://www.australiancurriculum.edu.au/media/1072/general-capabilities-creative-and-critical-thinking-learning-continuum.pdf
https://www.australiancurriculum.edu.au/media/1072/general-capabilities-creative-and-critical-thinking-learning-continuum.pdf


Seymour Papert, 1980
http://www.edu.gov.on.ca/eng/literacynumeracy/i
nspire/research/Computer_Coding_K8_en.pdf 

Low Floors with High Ceilings

… supports differentiated 
learning …

Students can engage at their 
ability and comfort levels and 
investigate extensions as they 

develop conceptual 
understanding and gain 

confidence. 

http://www.edu.gov.on.ca/eng/literacynumeracy/inspire/research/Computer_Coding_K8_en.pdf
http://www.edu.gov.on.ca/eng/literacynumeracy/inspire/research/Computer_Coding_K8_en.pdf


Virtual Reality,  Machine 
Learning & Maths

MENU



Maths in the “real” world?

https://vrmath.co/ 

https://vrmath.co/






•What is the problem? What am I trying to figure out?

•What do I know? 

•What do I need to know to solve the problem?

•What problems like this have I solved before?

•What solutions could work? 

•What strategies will work best in this situation?

Problem-Solving with VR:



AI, Chatbots & Machine Learning

In 2016, Bill Gates 
announced that the 
Bill and Melissa 
Gates Foundation 
will invest more 
than $240 million 
dollars in a tech 
project that 
personalizes 
institutional 
learning

https://snatchbot.me/bot/19303/build 

https://www.theverge.com/2016/4/25/11492102/bill-gates-interview-education-software-artificial-intelligence?utm_campaign=elearningindustry.com&utm_source=/chatbots-in-education-applications-chatbot-technologies&utm_medium=link
https://snatchbot.me/bot/19303/build


Behind the scenes
https://landbot.io/u/H-36651-BDJF8UUWWJ2SOJMQ/index.html 

https://landbot.io/u/H-36651-BDJF8UUWWJ2SOJMQ/index.html
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https://www.australiancurriculum.edu.au/me
dia/1072/general-capabilities-creative-and-cr
itical-thinking-learning-continuum.pdf 

Identify and clarify information and 
ideas

Transfer knowledge into new 
contents

Imagine possibilities and connect 
ideas

Think about thinking 
(metacognition)

https://www.australiancurriculum.edu.au/media/1072/general-capabilities-creative-and-critical-thinking-learning-continuum.pdf
https://www.australiancurriculum.edu.au/media/1072/general-capabilities-creative-and-critical-thinking-learning-continuum.pdf
https://www.australiancurriculum.edu.au/media/1072/general-capabilities-creative-and-critical-thinking-learning-continuum.pdf


Technology for 
Mathematics learning

MENU



It's a skill. This is the 21st 
Century, it's (technology) 

equal to maths and 
electricity… ICT … yeah …

(Teacher A, Gregstone Primary School)



Seeking equity for all students

Using multiple strategies for 
personal learning

Demonstrating risk-taking and 
continual learning

School leadership

Student Learning

Findings:
5

Themes













“There’s nothing magical 
about any tech tool.  
Real magic rests in the minds 
and hearts of teachers using 
digital tools to introduce 
students to new individuals, 
ideas and opportunities.”

Ferriter



• http://www.vcaa.vic.edu.au/Pages/foundation10/viccurriculum/digitech/extresources.aspx
• https://www.iste.org/explore/articleDetail?articleid=152
• https://www.iste.org/explore/articleDetail?articleid=894&category=In-the-classroom&article=3+easy+lessons+that+teach+coding+and

+computational+thinking
• http://www.iste.org/docs/ct-documents/ct-teacher-resources_2ed-pdf.pdf?sfvrsn=2 
• www.code.org

Useful Resources

http://www.vcaa.vic.edu.au/Pages/foundation10/viccurriculum/digitech/extresources.aspx
https://www.iste.org/explore/articleDetail?articleid=152
https://www.iste.org/explore/articleDetail?articleid=894&category=In-the-classroom&article=3+easy+lessons+that+teach+coding+and+computational+thinking
https://www.iste.org/explore/articleDetail?articleid=894&category=In-the-classroom&article=3+easy+lessons+that+teach+coding+and+computational+thinking
http://www.iste.org/docs/ct-documents/ct-teacher-resources_2ed-pdf.pdf?sfvrsn=2
http://www.code.org/

