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The Premier’s Teacher Scholarships program – an initiative of the NSW Premier’s Department and administered by the NSW Department of Education – provides funding for a five-week study tour to explore best practice in a recipient’s chosen focus area. The program aims to deliver outcomes for recipients, students, teacher colleagues and school communities. 
This report was completed following scholarship study tour activities. It captures the highlights of the many observations and learnings gained, which are to be further shared through future educational opportunities. The report is produced by the author in their capacity as a scholarship recipient and may not represent the views of the NSW government, employing authority or sponsoring organisation.
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Introduction
This research project focused on the value of increasing hands-on opportunities in the secondary mathematics classroom. The driving force behind this project was developed through my work with the Mathematics Growth Team (MGT) as a trainer, and through reflections on current research and literature. From personal observations, working with several schools and their mathematics programs, it became apparent that in many locations mathematics was impersonal, abstract and required students to work on lists of problems usually from a textbook or worksheet.
The outcomes of these practices make little connection to the real-world applications of mathematics, and provide limited opportunities for learners to investigate, play, make connections and test their reasoning and justification skills. These skills have become the focus of the working mathematically umbrella across all content within the syllabus document. I have used the ideas, activities and models identified by Ed Southall (2021) and Peter Mattock (2019) to inform my practice. The work of Mike Askew (2015) and his focus on tasks, tools and talk, establishes a platform for classroom practice to select and introduce hands-on tasks and visual models to the classroom.
In the classroom, I use the simple question “What food describes your feelings/attitudes about mathematics?” to better understand students’ emotional relationship with mathematics. This question has made it evident that students are entering and continuing through secondary mathematics with negative feelings, mathematical anxiety fixed mindset. "Many children grow up thinking that either you can do math, or you can't”. (J Boaler, C Dweck 2015) This is untrue and harmful to developing a growth mindset; the community and schools need to work together to change how mathematics is delivered to change these perceptions. 
Focus of Study
The driving questions that formed this study tour were:
· How can we support teachers to value, engage with and use manipulatives and visual models in the classroom?
· How are effective schools supporting teachers to develop these skills?
· What are the impacts for teacher and their students when teaching includes hands-on activities and visual models?
Significant Learning
The study tour reinforced my belief in the importance of hands-on tasks and visual models for developing student fluency, as well as their potential to enhance student engagement and enjoyment of mathematics. It also provided significant learning opportunities in other areas, often challenging and prompting me to re-evaluate my perspectives on mathematics education within schools and the broader community.
Visits to universities and opportunities to meet and work with researchers and their outreach schools opened new perspectives on mathematics education and opportunities to widen practice and become more inclusive. As I was meeting with university lecturers, mathematics authors, attending schools and professional learning I engaged with Mathematics for Human Flourishing (F Su, 2020) which explored ideas including exploration, play, struggle and community. These paralleled my study tour and became leading questions which impacted my learning and direction.
The significant learning themes explored in this report include:
· engaging communities
· non-verbal reasoning, games and curiosity in mathematics
· storytelling in mathematics
Engaging communities
Mathematics can be seen as abstract subject, disconnected from everyday life. Engaging communities through public displays, family learning, and academic outreach makes mathematics visible, accessible, and relevant. Investing in policy and planning and sustaining an ongoing investment (ACME- 2012) in mathematics education helps learners to find pathways to success.
Engagement in mathematics through everyday spaces 
The use of public space to celebrate mathematics is one avenue to democratise the subject, showing its impact in areas such as art, history, economics and daily life. In Australia it was difficult to find displays that truly celebrated mathematics; often the power of mathematics was hidden behind the layer of technology and science. The display in Chau Chek Wing Museum in Sydney University, ‘Micro:Macro models of insight and inspiration’, was an exception. Conversely, the UK had an abundance of well-attended public spaces where mathematics was the core of the display. These included: The Winton Gallery, Greenwich Prime Meridian, Naval Museums, Bank of England Museum and the Cutty Sark in London, York Museum – Star Carr site, The Science and Industry Museum Manchester, and Ashmolean Museum Oxford. The opportunity to see how mathematics had been a dynamic force in shaping our world, economics, time, navigation and space highlights its role through history and changes that will lead us into the future. Additionally, mathematics “shops” such as MathsCity in Leeds, staffed by STEM PhD students gave access to hands-on, immersive experiences, demystifying mathematical ideas through play and interaction. All these sites were occupied by students visiting and engaging with the displays, promoting the value of mathematics.
Supporting parents and families
One of the most impactful ways to transform mathematics education is by actively involving parents and families in the learning process. Many adults, particularly those who struggled with maths in school or missed foundational learning opportunities, often feel unequipped to support their children's mathematical development. This gap can create a cycle of anxiety and low confidence that passes from one generation to the next.
My visit to a numeracy project “Multiply” in Durham, run by the local council and designed for both parents and students, supported families where adults may lack confidence or competence in mathematics. It created opportunities for parents and children to learn together, in an environment that is welcoming, non-judgmental, and focused on practical, everyday mathematics. The session I attended involved hands-on learning about decimals (aligned with Durham University and school programs) and focused on how to assist parents to support their child’s learning. Parents were very supportive of the initiative and expressed appreciation in being able to support their families.
Through workshops and joint learning sessions, the project helps build fundamental skills using real-life contexts making maths more meaningful and less intimidating. Parents are empowered to better understand the maths their children are learning in school, which in turn enables them to provide support with homework. The program aims to promote intergenerational learning based on shared family experiences. This program is transforming the attitudes of adults, enhancing their child’s progress in mathematics, replacing fear with curiosity. 
Building aspirational pathways
Creating clear, inspiring pathways into mathematics is essential for raising ambitions and broadening participation, especially among underrepresented groups. Beyond traditional classroom instruction, there is a growing recognition of the need for innovative and inclusive routes that connect young learners with higher-level study, professional opportunities, and a sense of belonging within the wider mathematical community.
The emergence of specialised mathematics schools, such as the Leeds Mathematics School, are designed for students with a strong aptitude and interest in mathematics. By partnering directly with universities, these schools provide not only rigorous A-level preparation but also early exposure to mathematical research and university-level thinking. Student access to PhD candidates and research mathematicians, through mentoring and outreach, are powerful because students see researchers who are closer to their own age, often from diverse backgrounds, and begin to imagine themselves in those roles. This visibility is key to diversifying participation in higher-level mathematics and breaking down perceived barriers to entry. 
The London School of Mathematics and Programming fosters social learning environments through their maths circles program, where participants explore mathematics collaboratively. These are typically low-barrier and non-hierarchical, focusing on curiosity and shared discovery rather than formal instruction. During my visit students aged 11 years were solving the Chessboard problem (F Su, 2020, Page 84).  The program used problem-solving techniques such as solving simplified problems and trial and error and focused on communicating ideas verbally and in written form. This problem was originally created for university learners and has a place in our Extension 2 Course - Proof. These programs are especially valuable for learners who may feel excluded from traditional academic routes, offering an alternative path to confidence and capability in mathematics.
By diversifying the ways students can access and engage with mathematics, we begin to redefine who participates, who excels, and who belongs in the world of mathematical thinking. In Mathematics for Human Flourishing - Community Chapter 12, Francis Su (2020) discusses the misconception that mathematics is a solitary profession. In the 1990’s data collected indicates that 81% of researchers were involved in joint research (J Grossman, 2002). The aspirational pathways, through visiting a variety of mathematics schools during this study tour, all work to highlight mathematics as a collaborative, hands-on problem-solving subject.
Non-verbal reasoning, games and curiosity in mathematics
Non-verbal reasoning
Non-verbal reasoning (NVR) is a form of assessment that measures a person’s ability to understand and analyse visual information, such as shapes, patterns, and sequences. Unlike traditional verbal tests, NVR does not rely on language skills, making it a particularly useful tool for assessing intelligence in students who may have limited literacy, are learning English as an additional language, or have specific learning difficulties such as dyslexia.
In the UK, an NVR test, previously known as the 11+ test, is now used for placement in selective and grammar schools. During my school visits in the north of England students were practicing these skills in their classrooms. The tests are designed to evaluate what is known as ‘fluid intelligence’ – the capacity to solve new problems without relying on prior knowledge. Because these tests don’t depend on reading or writing, they offer a more level playing field for students from a range of linguistic, cultural, and educational backgrounds. They use NVR tests to identify cognitive strengths and weaknesses, support decisions about school placement or streaming, and detect students who may benefit from extra support or extension. 
NVR tests typically involve visual puzzles or diagrams, and students are asked to find patterns, apply logic, and select the correct answer from a set of options. Questions are usually identified as being one of the following: sequences, odd one out, matrices/ grids, code patterns and analogies/ applying operations.
These question types are all designed to test a student’s ability to think logically, pay attention to detail, and apply problem-solving skills in a visual context.
NVR testing is also used in the identification of gifted students or those who may need intervention, as it can highlight potential that may not be visible through standard academic testing alone. It has become an increasingly popular tool for educators looking to evaluate ability more fairly across diverse student populations.
In NSW, some selective schools are using the NVR and spatial reasoning as part of their selective or opportunity classroom placements. 
During my visit to NVR test writers at GL Assessment and in workshops I conducted upon my return, there was discussion about some of the test materials. One test, in particular, ‘Odd One Out,’ was noted as being complicated by the frequent use of ‘Which One Doesn’t Belong’ (WODB) (C. Danielson, 2016). The challenge arises because WODB emphasises reasoning and allows for multiple valid answers, whereas ‘Odd One Out’ requires a specific correct answer, making the testing process more complex. On the other hand, the ‘Applying Operations’ questions, focused on problem-solving linked to geometry and transformations units, were positively received.
Games and puzzles
One of the key strengths of logic and strategy games lies in their low entry point and high ceiling. Their rules are often simple – easy enough for beginners to grasp within minutes – yet the depth of strategy they offer can challenge even the most experienced players. Games like ‘Nine Men’s Morris’ are perfect examples; students can begin playing at a basic level, but as their skills grow, so too does their capacity to explore more advanced tactics and deeper patterns. This scalability allows learners to progress at their own pace, building both confidence and competence over time.
Nine Men’s Morris is also connected to the history (AD1300) of England. In my tour this game appeared in many locations and with different names (Mills, Merrills). The board was carved into the stone foundations at Reading, Burton Anges Hall in Yorkshire, Durham, York and Manchester.
Another major benefit is the immediacy of feedback these games provide. Each move offers instant insight – whether it advances a strategy or results in a setback. This real-time feedback loop encourages players to reflect, adjust, and try again, cultivating a growth mindset. Mistakes aren’t seen as failure, but as valuable steps in the learning process. Through trial and error, learners develop resilience and become more comfortable with revisiting and refining their thinking.
Perhaps most powerfully, these games transform problem-solving into play. Rather than confronting abstract mathematical ideas in a purely symbolic or theoretical form, students interact with them through tangible, hands-on challenges. 
These games also offer rich opportunities for pattern exploration. As players engage with repeated structures and emerging outcomes, they begin to ask deeper questions: Why does this strategy work? What happens if I change this rule or try a different path? Such inquiry leads to a more profound understanding of how mathematical systems behave, nurturing curiosity and encouraging learners to investigate beyond surface-level solutions. In discussions with mathematics circles programs, PhD students indicated that the use of this game led to rich discussion and reasoning development, supported by research (Heroux, 2018). 
Finally, at the core of many of these puzzles is strategic and conditional reasoning. Players often think in terms of ‘if this, then that’, mirroring the logic used in computer science, mathematical proofs, and algorithmic thinking. By planning moves, predicting outcomes, and adapting to new information, learners practice structured reasoning in a meaningful context – skills that are not only central to mathematics but also essential in a wide range of real-world problem-solving situations.
In a follow-up workshop delivered in July 2025, I used the mathematics circles principles to develop a lesson using Futoshiki to investigate inequalities. The teachers indicated that the structure of the lesson and the opportunities to differentiate the learning, while maintaining the integrity of the game, open opportunities for learners to develop problem solving skills. The use of games and puzzles has widened my perspective on what constitutes hands-on activities and how we use them in a learning environment.
Storytelling in mathematics
At Reading University, I had the opportunity to meet with Dr Natthapoj Vincent Trakulphadetkrai, the creator of ‘Maths Through Stories’ which is based on a simple question: What if children learned maths not just by solving problems, but by telling and hearing stories? His project covers over 500 storytelling options. Australia has three co-investigators associated with this project during the past 10 years: Dr Kevin Larkin - Griffith University, Dr Sharyn Livy - Monash University and Dr Tracy Muir - University of Tasmania.
As part of this visit, I met university PhD students researching storytelling from different aspects. I attended an excursion focused on using local museum resources for students to identify a mathematical artifact and create their own mathematical story. The students were engaged, vibrant and keen to share their findings and journey, The development and use of mathematical language and skills was central to the learning intentions. Diagrams and visual models were discussed, used and communicated independently between students. 
Dr Paul Swan in Western Australia has a set of storytelling resources that focuses on resources that are connected to our history and daily lifestyle. As a MGT trainer I have used this work in developing stories for a remote school with a high a high percentage of Aboriginal students. The use of storytelling allowed the teaching of mathematics through Aboriginal Culture and effective 8-ways instruction.
Conclusion
[bookmark: _gjdgxs]At the start of my study tour, I thought I had a clear understanding of hands-on activities in mathematics, particularly through resources like those developed by Southall (2017) and P. Mattock(2019). I felt confident in incorporating manipulatives and models into my lessons, recognizing their transformative potential for students, especially those who find abstract concepts challenging. However, this tour provided me with a deeper insight into the broader impact of hands-on learning and how it can be effectively integrated into mathematics education.
What I learned was the way teachers engage with hands-on activities and visual models. I observed how mathematics education in the UK is being reshaped through community engagement, making mathematics visible and valuable beyond the classroom. Teachers are not only using diverse resources – ranging from non-verbal reasoning to storytelling, from limited literacy requirements to high-level mathematical metalanguage literacy – but also creating pathways to success for students who may feel disconnected from the subject. These efforts are particularly impactful for students from disenfranchised communities, as they show that math can be accessible, relevant, and empowering. The focus on problem-solving, puzzles, and games, such as KenKen and Futoshikri, further emphasizes the importance of fostering critical thinking and making learning enjoyable.
The study tour also highlighted the importance of teacher support. I saw strong links between schools and universities in the UK, where outreach programs and ongoing professional development were central to teaching practices. Schools with robust support systems were able to engage in innovative practices, with direct access to university students and PhD researchers, which helped shift the perception of mathematics. In contrast, schools without such support were often reliant on more traditional teaching methods, which could limit student engagement and understanding.
Finally, the impact of hands-on learning on students was undeniable. I witnessed how schools in the UK integrated math into their communities, from lessons using trigonometry to model railways or creating stories about ancient artifacts. The use of hands-on activities made math visible, engaging students in ways that fostered deep understanding and communication. This experience reinforced the idea that hands-on math is not just about manipulating objects and developing models; it is about making learning meaningful, accessible, and fun for all students.
In conclusion, the study tour reinforced the value of hands-on activities in math education. By supporting teachers through professional development and fostering strong partnerships between schools and universities, we can ensure that all students, regardless of background, have access to transformative learning experiences.
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