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Growth mindset and its impact on Mathematics:
Module 2: The impact of mindsets on mathematical learning
Information for teachers 
 “The limitless potential of neuroplasticity is best achieved for students to reach their highest potential when learning is individualized for interest, mastery, achievable challenge and with corrective and progressive feedback. Incorporation of these practices into education is strongly supported by neuroscience research and is critical for the success of today’s students in life and learning now and in the 21st century they inherit.” 
Dr Judy Willis
www.pearson.com.au/community/in-conversation/judy-willis-science-of-learning/



About this module
This resource was developed by
Rachael Whitney-Smith
It is suitable for 
Mathematics Teachers from all levels of teaching
The resources for this module include 
Power Point Slides, printable resources, facilitator notes, readings and web links to further resources and YouTube clips.
This module is
Number 2 out of 4. Estimated to take between 1 – 1.5 hrs
Learning outcomes
· Participants will be able to identify and define the purpose of mathematics
· Make a link between the research on mindsets and mathematical learning
· Identify the link between mindsets and mathematics anxiety
· Identify the factors that influence mindsets in mathematics
AITSL Standards addressed
Professional Knowledge
Standard 1:		Know students and how they learn
Professional Practice
Standard 3:		Plan for and implement effective teaching and learning
Professional Engagement
Standard 6:		Engage in professional learning



Background Readings and Web links
Boaler, J. (2013). Ability and Mathematics: the mindset revolution that is reshaping education. Forum. (35), 143 – 152.
http://www.growthmindsetmaths.com
https://www.youcubed.org
https://youtu.be/2tYR3k22Nt8
https://youtu.be/KUWn_TJTrnU
https://youtu.be/cgLYkV689s4
https://youtu.be/5KLPxDtMqe8
Resources
PPT Slides
Internet Access to view You Tube clips
Teacher Activity 1: puzzle pieces, enough for one per pair, photocopied, laminated and cut 
Teacher Activity 2: 
Slide 1-3: Introduction
Title slides and introductory information, AISTSL standards and Learning Objectives for the module.
Although not mentioned specifically in the Australian Curriculum: Mathematics, ‘growth mindset’ would apply directly to 'student diversity' and the 'general capabilities' of ‘critical and creative thinking’ and ‘personal and social capability’.
Slides 4 & 5: Mathematics What is it?
This slide will inevitably evoke some discussion amongst the participants, which should be encouraged. You may ask them to answer what is it prior to showing these slides. The purpose of these slides is to define mathematics as being more than just a discipline or a subject taught in school comprised of facts, skills and procedures. The following few links can also assist in developing this definition further.
http://www.livescience.com/38936-mathematics.html
http://www.educationworld.com/a_curr/mathchat/mathchat018.shtml
Slides 6: What do you notice?
Let the participants view this slide for a few seconds before saying anything. Then ask the question what do you notice? You may ask for a few responses at this point. You could stimulate further discussion saying: What does this slide make you think? What do you know? What do you want to explore? 
Slide 7: Australian Mathematics Curriculum
This slide links to the ACARA Australian Curriculum page to high light the emphasis of the AC catering for diversity. Read out the quote “All students are entitled ….” You may now add that using the knowledge we have gained from Module 1 we know that intelligence isn’t fixed and unless there are learning disabilities preventing students from gaining the conceptual understanding of curriculum content, all students of mathematics are capable of achieving the standards set within the AC if given the opportunity for learning.
Slide 8: Australian trends in Mathematics
This slide will link to the Australian Council for Educational Research (ACER) TIMMS and PISA info-graphics. The aim here is to highlight the current situation for Mathematics Education in Australia. 
Slide 9: Student Motivation
Ask the participants to share with each other, their opinions as to why certain students are highly motivated and other seem lacking the motivation to learn in mathematics. You may choose to record some of these findings on a white board to address later or merely share a few of them to the whole group. 
Slide 10: Mathematics Motivation
Show the video to the participants and then ask for any feedback on what was just viewed. Can they relate to the students? Do they teach students with similar view points?
Slide 11: Impact of Mindsets on Maths
The research of Jo Boaler and Carol Dweck from Stanford University has shown a direct link between students’ mindset in mathematics and their performance. Other factors such as engagement, maths anxiety and preferred styles of learning are also attributed to mindsets. You can refer participants to the following links;
https://www.youcubed.org/?s=Growth+Mindset
https://www.mindsetkit.org/growth-mindset-parents/learn-about-growth-mindset/research-how-mindset-affects-learning
Slide 12: Mathematics is hard and boring
Ask participants to search google images for Mathematics on their devices prior to showing this slide. Then high light that the images that appear, unless you are innately passionate and interested in algebraic algorithms, seem complicated and confusing to many. This is not what mathematics should be identified as but in the media and for the majority of people this is what mathematics means to them. Ask them for their thoughts. Why do you think this? 
Slide 13: Mathematical Mindset
Show the video and again ask for a few thoughts from the participants. Do you know people who feel this away? Can you relate to these people? Is this how we want mathematics to be thought of?
Slide 14: Journey to success
Many view the success of others as being an easy path. People are naturally gifted and born with the innate ability to do certain things. A fixed mindset views success as something certain people are capable of achieving and can result in an envy of others success rather than being motivated by it. Students need to understand that success is not a linear path in most circumstances. In order for people to fully achieve success at something they generally need to experience a few failures along the way. 
Slide 15: Why is mathematics viewed negatively?
Go through each of the dot points and then ask the participants if they can add anymore to the list.
Slides 16: Mindsets are shaped by everyday interactions
The objective of this slide is to highlight that the language we use, the feedback we provide, the tasks we set and the assessments we use all contribute to the development of mindsets in mathematics. If we wish to promote a growth mindset then we need to be aware of each of these interactions and ensure we act and use tools that promote a growth mindset. Such actions and tools are covered in module 3 and 4 of this professional learning package.


Slide 17: Stanford University research
This slide supports the previous slide and directs participants to the main two academic researchers that are at the forefront of this research.  You will find links to their work throughout the modules.
Slide 18: Mistakes are learning opportunities
When students and teachers have a growth mindset in mathematics they view mistakes as part of and essential to the learning process. If students are provided constructive feedback, allowed time and encouraged to analyse their mistakes, and identify the mistake that others may have made it assist them in developing a rich conceptual understanding of content. It also supports the belief that mistakes are not something to measure your intelligence by. They highlight the areas you may need to develop at better understanding or strategies you may need to review.
Slides 19 & 20: Mindset view of mistakes
The next two slides give a visual representation of the different views of mistakes based on mathematical mindsets.
Slide 21: Learning to ride a bike
This video visually provides an example of how learning can be achieved by reflecting on your mistakes and acting upon them.
Slide 22: Working memory
Go through each of the dot points on this slide emphasizing the capacity of the working memory and why this can impact on our learning? You can support this by providing some examples of how we can only cope with doing a limited amount of operations in our working memory before we need to write information down or break it up into chunks or steps.  The following papers may be of interest for further reading;
The role of working memory in mathematics learning and numeracy John Munro, University of Melbourne 
http://www.cheri.com.au/documents/handout_maths_ld_John_Munro.pdf
Understanding working memory: A classroom guide by Dr Tracey Packiam Alloway.
https://www.mrc-cbu.cam.ac.uk/wp-content/uploads/2013/01/WM-classroom-guide.pdf
Slide 23: Working memory activity
Hand out the “short memory test” worksheet to participants. You can access the test via the hyper link on the slide. Further information on how to do the test can be found on this site.
Slide 24: Mathematics is compressible
This slide identifies the concept that mathematics is compressible and it is through the process of being able to compress skills and procedures into a stored conceptual memory allows us to increase our capacity for learning as well as the amount of information we can use in our working memory at once.  
Slide 25: Example
The example supports the previous slide, demonstrating how our concepts and skills are connected and then compressed so that they can be stored in our long-term memory and drawn upon when needed without having to think of all the individual concepts one at a time.
Slide 26: Teacher task
Ask participants to complete the “chunking” worksheet. Independently and then share their thoughts and responses.
Slides 27 - 28: Mathematical talks
Mathematical talks are activities you can run during your lessons to encourage students to think mathematically and communicate their thinking. The purpose of using theses as part of your teaching pedagogy is that they encourage students to use their system 2 thinking processes, they assist students to conceptually understand processes better and in doing so increase the development of neural pathways and the speed at which they can recall concepts. Most importantly they support the development of a growth mindset in mathematics.
Slides 29 & 30:  How many dots do you see?
The following two slides are a teacher activity. Flash up slide 28 and ask participants to count the dots. As soon as you provide this instruction answer that “we know there are 7 dots, this is not the focus of this task, how do you know there are 7? How did you see the seven? Then go around the group and ask one by one to explain how they saw 7 dots and using the next slide as a back drop or on a white board, record visually how they describe seeing the dots.
Example:                 __________			=                    2   +		=  2 + 3 + 2  = 7
		_______________________              		           3            
		          ___________                                                     2 
									7
Once you have recorded visual representations of how the participants have counted the dots you can then convert the drawings to the numerical representations. This activity will then conclude with the reflection that the beauty of mathematics is that there are multiple ways you can tackle questions and arrive at solutions.
Slide 31: When is this statement true?
Ask participants to reflect on this slide and decide on a scenario where this relationship may be true. Allow for multiple answers without judging what is right or wrong as all volunteered responses are to be accepted as a valid scenario. You can end the discussion by stating that this was a question relating to time. What time is it 11 hours before 7pm? Answer: 8am.
Slides 32 - 34: Assessment and Mindsets
The following three slides are aimed at identifying the impact that assessment can have on students’ mindset as well as encouraging teachers to be conscious of their purpose for assessments and acknowledge the impact that they can have. 
Slide 35 & 36: Mathematics anxiety
Reading out the dot points and allowing participants to respond to the information provided, can be a delivery method for both of these slides. Further information to support these statements can be found by the following articles and links;
http://www.nuffieldfoundation.org/understanding-mathematics-anxiety
http://www.cne.psychol.cam.ac.uk/math-memory/what-is-mathematics-anxiety
http://www.homeschoolmath.net/teaching/motivate.php
Slide 37: Summary 
This slide summarizes the main points addresses during the module.
Slide 38: Other modules in this series
This slide outlines the other modules in this series.
Further ideas
Mindset Kit is a resource created for students, teachers and parents including short courses, Professional learning activities and sessions and materials to use with students.
https://www.mindsetkit.org/growth-mindset-parents/learn-about-growth-mindset/research-how-mindset-affects-learning
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