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Lessons Learned from Research 
Christine A. Suurtamm, Faculty of Education, University of Ottawa 
 

• The Ontario Mathematics curriculum reflects current thinking and research in mathematics education  
o The review for the 2005 curriculum document and results from a current review demonstrate that 

the Ontario curriculum represents current thinking in mathematics education 
o  It is well aligned with mathematics curricula from other jurisdictions, including those considered as 

high performing in international assessments. 
o The curriculum provides a balance between problem solving approaches and the integration of 

mathematical skill development, which follows other curricula 
Learning progressions: 
o help to describe the possible paths that student learning can take and the types of connections that 

can be made between different mathematical concepts 
o are context sensitive – a learning progression developed with evidence of student learning in one 

setting cannot necessarily be applied to another setting 
• The teacher plays the critical role in enhancing student learning: 

o Current thinking and research promote classrooms where students investigate, represent, and 
connect mathematical ideas and develop mathematical procedures within the context of problem 
posing and problem solving – 
 students develop fluency with mathematics that moves beyond viewing mathematics as a set 

of rules and procedure 
o The emphasis is on developing conceptual understanding along with procedural fluency 
o There is no precise recipe of what good mathematics teaching is that can be applied to all situations 

– the important tasks for teachers involve purposeful planning, attentive listening, and responding in 
ways that elicit and extend student thinking and mathematical understanding 

• Teachers’ “mathematics knowledge for teaching” requires support 
o Posing problems, facilitating discussions and consolidation of mathematics concepts and processes 

are teacher practices that require a great deal of knowledge and attention 
o In many cases teachers have not learned mathematics in problem-based pedagogy, and often have 

not had opportunities to develop their own mathematical understanding and procedural fluency 
o Some studies suggest that once teachers have experience learning new mathematics through 

approaches that deepen their understanding, they more easily facilitate and promote student 
understanding (Makar & Confrey, 2007). 

o It is possible for teachers to deepen their understanding of mathematics and mathematics teaching 
though the activity of teaching itself (Hill & Ball, 2004) 

• Communities of learning and practice provide student and teacher support 
o Need to exist on several levels: in classroom to support student learning; in the school to support 

teacher learning; in the district to support teacher, leader and administrator learning 
o Meaningful teacher collaboration with colleagues added to classroom actions leads to teachers 

demonstrating increased mathematical knowledge and more effective mathematics teaching 
 Data from a 2007 Suurtamm & Graves study showed  that teachers had few opportunities 

for such collaboration to occur 
o Collaborative community – connections to practice and a non-evaluative stance are important – 

inquiry stance 
 Engaging teachers in new mathematical tasks and pedagogical practices, providing space for 

risk-taking in trying out new ideas, and encouraging meaningful discussion among 
colleagues as they experience new ways of teaching and learning – this supports new 
pedagogical and mathematical understandings to emerge 

• Teachers face a variety of dilemmas as they work on shifting practice 
o Conceptual dilemmas 
o Pedagogical dilemmas 



o Cultural dilemmas (classroom, school culture including dealing with administrators, parents and 
other stakeholders) 

o A multi-faceted approach to supporting new initiatives is critical 
 
 
What scaffolds the early development of numerical and mathematical competencies? 
Daniel Ansari 
Department of Psychology & Brain and Mind Institute, University of Western Ontario 
 

• The basic ability to represent and compare numerical magnitudes appears to be an important competency to 
have early on in math learning – numerical magnitude processing is an important building block 

• Connection/mapping between symbolic and non-symbolic representations of numerical magnitude is 
particularly important – children who have particularly strong symbolic representation of numerical 
magnitude also perform comparatively better on tests of early mathematical skills (i.e., arithmetic) 

• Children need a fluent understanding of the meaning of number symbols before they can use them to 
perform mental operations with symbols, such as calculation 

• Activities that help children understand the ordinal relationships between numbers (that numbers are 
embedded in a sequence with other numbers) may help children understand symbol-quantity relationships as 
well as symbol-symbol relationships 

• The researchers think that the time between SK and grade 2 represents a somewhat sensitive period for the 
development of fluent symbolic number processing 

• Developmental dyscalculia – a specific learning disorder – children experience significant and persistent 
difficulties in learning basic numerical and mathematical skills, while at the same time performing well in 
other domains such as literacy – he iscarrying out a longitudinal study to learn more about this learning 
disorder 

 
Collaborative Teacher Inquiry in Secondary School Mathematics 
Dr. Douglas McDougall, Professor and Chair  
Department of Curriculum, Teaching and Learning, OISE, University of Toronto 
 

• Dr. McDougall described a conceptual framework for improvement in mathematics that was used as part of 
the grade 9 applied collaborative teacher inquiry: “The Ten Dimensions of Mathematics Education” – it 
breaks down the overlapping components of a successful mathematics education program (differs from 
traditional practice) 

• Grade 9 applied collaborative teacher inquiry project (2008-1012) – five of the ten schools participating 
more than doubled the percentage of students at the provincial standard on the grade 9 EQAO test during 
their time in the project 

• A summary of research findings for each of the 10 dimensions was provided 
• Findings from math content knowledge being integrated into professional learning helping student learning: 

o Most noticeable change was the extent to which teacher took responsibility for student learning in 
the their classroom 

o As teachers changed the teaching-learning dynamic in the classroom students experienced more 
success and developed more confidence 

o Increased student engagement and better achievement led to improved attendance and participation 
in class 

o The non-traditional delivery of the curriculum made the most positive difference for both students 
and teachers 

o Students were more eager to learn after experiencing increased success 
o Decrease in student math phobia  
o Students more willing to approach teacher for help and clarification 
o Increased access to and use of technology and manipulatives had a positive impact 
o Students had more opportunities to become engaged, interact with their teachers and get 

constructive feedback in the course 



• The collaborative inquiry approach assisted in changing teacher beliefs and practices in the schools that 
were observed 

• Successful interventions typically employ a combination of some or all of the following elements (a skilful 
interweaving of many or all of the factors below): 

o Job-embedded learning 
o Collaborative (peer) inquiry 
o Attention to student performance 
o Institutional and administrative support 
o Provision of time and other resources 
o Commitment to continuous long-term engagement in professional development initiatives 

• Dr. McDougall notes that as a follow up to this study, “We need to have a better understanding of long-term 
sustainability, which has remained relatively unexplored in the literature.” His research questions moving 
forward from this project will focus on this area. 

 
A Forum for Action – Effective Practices in Mathematics Education 
Nathalie Sinclair, 
Simon Fraser University 

 
• Research findings indicating that children come to school with a great deal of informal geometric 

understanding that is not being developed formally in school at an early enough age 
• Her research has found that, with the help of well-designed tasks and teacher’s promotion of mathematical 

reasoning, Sketchpad can help children very effectively develop the following concepts (and avoid several 
misconceptions reported in the literature): Symmetry, Tessellations, Two-dimensional shape identification, 
Construction, Angles, Parallel/perpendicular lines 

• The researcher outlines specific findings of the types of more advanced geometry that primary children can 
learn and why the described more advanced geometry would be worth learning in primary grades: 

o Children come to school with some informal understanding of each one of these topics 
o Each of these topics involves important geometric ideas that provide continuity with higher levels of 

curriculum 
o These topics all involve opportunities for engagement in reasoning and not just learning vocabulary 

(the names of shapes) 
• The researcher proposes that there should be more emphasis placed on spatial reasoning in the curriculum 

o we need to identify which geometric concepts are appropriate and worth knowing at a young age - 
invariance 

o she proposes that elementary school curriculum should be based on concepts and associated tools 
that can help children appreciate invariance 

• She describes non-dualist theories of learning – they do not assume a distinction between body and mind, 
and therefore accord a central role of the body and its senses in mathematical thinking 

o mathematics can be seen as a way of perceiving and acting with respect to various symbols and 
notations resulting from complex historical traditions 

o well-designed digital technologies can help children learn and express themselves in multi-modal 
ways that do not depend solely on written communication, and therefor may invite a broader range 
of ways of thinking 

• The researcher outlines strengths and challenges of using technology in the mathematics classroom 
o two major challenges: 1) lack of adequate professional development; 2) concept narrowness in the 

curriculum 
o digital technologies range widely in their classroom potential 
o  no digital technology can be helpful in absence of a good task and a good teacher 
o it is important for curriculum documents to avoid vague allusions to “digital technologies” and to be 

precise about the tool/concept/task combination 
o if curricula continue to be written for a default paper-and-pencil toolset, it will be very difficult for 

teachers to see how they can develop concepts using other tools 
• The main research questions, moving forward, should focus on how best to support teachers’ effective us of 

appropriate digital technologies – very little research exists on this question 



• Implications – there is strong potential for technology use in mathematics education -there are currently a 
multitude of applications that favour procedural, level-driven mathematical thinking, therefore, professional 
learning for teachers should include support in: 

o identifying apps suitable for problem-solving, discussion and exploration 
o  knowing how to orchestrate digital interactions with physical ones (with both manipulatives 

and symbolic, paper-based media) 
o  finding ways of using applications to conduct formative assessment 
o offering teachers a small number of recommended tools so that the tools can be used 

purposefully 
o developing awareness that certain tools that promote repetitive practice may have good short-

term pay-off but can also run the very big risk of compromising students’ confidence, curiosity 
and flexibility 

 
 
A Diversity of Ways to Support Active Learning of Mathematics 
Walter Whitely 
Mathematics and Statistics, York University 
 

• Blended conceptual development – humans combine approaches and multiple representations into an 
increasingly powerful network that becomes “the way we think” – in mathematics, this human process maps 
selected parts of several prior mathematical processes and representation together into a larger conceptual 
network that can now access multiple ways to solve new problems, making new links between parts of the 
prior learning that has now become blended 

o We still retain access to some (perhaps multiple) ways the mathematics developed from the senses, 
and build ways we continue to use the senses for reasoning, and representations – these 
representations should include appropriate use of kinesthetic and visual/spatial senses, and 
classroom activities that (re)-connect to these, regularly 

o Materials, including manipulatives and appropriate technology, which support different entry points 
are essential to supporting the diversity of students and the diversity of ways mathematics can be 
effectively learned and applied 

o The curriculum speaks to the use of multiple representations – multiple representations offer 
multiple ways to access problems and to work with the selected concepts 

• Spatial reasoning as a key ability and a predictor of success in Science, Technology, Engineering, Arts and 
Mathematics – the STEAM disciplines 

o In our current curriculum, many students emerge from high school with clear deficits in spatial and 
kinesthetic reasoning (has been identified as a barrier for retention and success in Engineering 
programs – particularly for women) 

o Some research found that many elementary teachers felt unprepared for spatial reasoning, and in 
some cases feared this type of reasoning 

o Spatial reasoning is malleable, learnable at all ages 
• Children enter school engaged in spatial reasoning – but we often do not support regular development of 

these abilities 
o Spatial reasoning and visual communication of this reasoning actually becomes more important as 

you move through rich undergraduate and graduate programs, particularly with interdisciplinary 
work – spatial/visual and kinesthetic approaches are more easily shared than many other approaches 

• His research on tasks with manipulatives in change of volume and surface area confirms that children are 
capable of richer work than the curriculum anticipates, and often more mathematics than we prepare 
teachers to support 

• There is no single trajectory that is best for all students, or for one student on different days 
o A variety of small experiments confirm that classrooms with rich, multidisciplinary problem solving 

activities end up including more mathematics than the curriculum, and with deep engaged 
understanding 

• The first challenge becomes to support the students going more places in math, asking unexpected questions 
o The related challenge is to adequately support teachers who are asked to work in these ways 



• Teachers’ knowledge of the child’s development of mathematics and the connections of the mathematics 
makes a difference to effective student engagement with the mathematics, particularly when students ask 
questions off the script 

o Growing evidence that the current B.Ed. programs (and possibly future programs) do not support all 
teachers developing sufficient mastery of the relevant content knowledge and sufficient comfort to 
actively explore the mathematics and respond to the mathematical curiosity of their students 

• Misconception - Many pre-service teachers imagine that instrumental (procedural) learning must come first 
to then support later richer relational (conceptual) learning – this is NOT what classroom research shows – it 
can take longer to move through instrumental (procedural) learning then to relational and students lose 
interest  

o The result of a focus on instrumental (procedural) learning can be: less learning and shallower 
learning! 

• Mathematics classes should be one of the key places where students ask questions that matter to them – 
developing insight into how these questions connect to mathematics, and how mathematics connects to their 
(and our) world 

o Supporting these connections and questions from the child requires teachers (and parents) to be 
curious, engaged, open to surprises, and confident enough to have students engage with mathematics 
and solving problems that are new to teachers 

 
 
Teacher Knowledge of Mathematics 
Dr. Alex Lawson, Lakehead University 
 
 Knowledge of mathematics for teaching has two inter-related components: (a) common content knowledge, 

and (b) specialized knowledge for teaching. 
 
 Lawson and colleague examined 558 pre-service students’ mathematical knowledge using a mandatory 

content exam. The exam consisted of 15 word problems set at the Gr. 6-7 level and was administered at the 
end of the first term for some, and at entry for another group. Both demonstrated poor mathematical content 
knowledge.  
 

 A closer examination of the types of errors students made led team to believe that a sizeable group of 
students did not have a sufficient knowledge base to grapple with a methods course focused on learning the 
concepts under specialized knowledge for teaching and noted that a focus on common content knowledge 
alone would not offer a sufficient foundation. Instead, they concluded that students needed further 
instruction in the fundamental knowledge that would underpin the mathematics knowledge for teaching. 

 
 Implications: Regardless of instructional methods deemed more or less effective none can be implemented 

well unless teachers understand the mathematics underpinning the instruction as well as the related 
pedagogical concepts. 

 
 
Efficacy, Professional Learning, Content Precision, and Future Directions 
Dr. Catherine D. Bruce, Trent University 

 
 Teacher efficacy in mathematics is the teacher’s belief that he or she can help students 

learn mathematics despite possible difficult working conditions or environments and despite their students’ 
circumstances (home life, prior experiences, learning challenges).   

 
 Student efficacy in mathematics is the student’s belief that he or she has the ability to learn. When students 

believe they can learn math and teachers believe they can help students learn math, the result is that students 
DO learn math.  Teacher and student efficacy are predictive of, and strongly correlated to student 
achievement. 

 



 Both teacher and student efficacy can be enhanced through mastery experiences that can be supported 
through teacher professional learning that has the following characteristics:  
 

o Collaborative in nature, with shared goals and expectations (alignment and agreement) 
o Classroom-embedded learning where the primary site of inquiry is the classroom context (requires 

an opening of doors, and shared risk-taking). 
o Cyclical: Iterative and sustained inquiry that focuses on key mathematics ideas and content. 
o Constructive: Asset orientations toward educators and/or students (What can students do? And what 

more can they learn?) 
o Committed: Trust, ethic of care and accountability are high amongst members of the group. 

 
 Implications: Restructure and reconfigure pre-service education programs to enhance learning opportunities 

for mathematics, including specialization courses for 
primary/junior teacher candidates that focus on financial mathematics and statistics,  mathematics for early 
years learners, and the integration of mathematics, science and technology to enhance learning.  
Technology-based learning affordances and knowledge mobilization strategies, including visual data 
displays, will play a large role in all of this work. 
 

 
Effective Practices in Mathematics Education 
Dr. Jamie Pyper, Queen’s University 
 
 Dr. Pyper makes the case that ‘teacher concerns’ and ‘teacher orientation’ contribute to teacher efficacy.  

 
 Teachers concerns may be conceptualized as a progression of Self-Concerns (about survival) to Task-

Concerns (about teaching strategies) to Impact-Concerns (about student learning). 
 
 Teachers’ orientation is related to their sense of professional knowledge and practice and consists of five 

domains: Practical, Technological, Academic, Personal, and Critical-Social. 
 
 As one example, addressing teachers’ concern-Self-Concern a mathematics education learning activities 

would focus on their content knowledge and their classroom management knowledge. This approach would 
also be supporting their Academic and Technical teacher orientation at the same time.  

 
 Implications: Attention to the nature of teacher concern and teacher orientation may increase pre-service 

mathematics teacher efficacy. Dr. Pyper’s initial results show that few mathematics pre-service teachers, and 
only those with high teacher efficacy, express a Critical-Social orientation and proposes addressing this 
orientation in professional learning programs to enhance social justice awareness and development among 
mathematics teachers. 

 
 
Mathematics Teaching and Learning in French Language Schools 
Dr. Serg Demers, Laurentian Univeristy 
 
The following strategies or behaviours have the best chance of leading to student success in mathematics, and come 
mostly from studies Dr. Demers conducted looking at students in the Junior and Intermediate levels: 
 
 Students have the most success when they worked on problems as a group rather than individually. Group 

work permitted students to have meaningful discussions about mathematical concepts and provided 
opportunity for effective teaching and learning in mathematics classes. These discussions need to occur both 
between the teacher and students. Optimal learning occurs in an environment where the teacher lets students 
discover concepts, but also know when to intervene and teach the concept 

 

http://mathforum1314.files.wordpress.com/2013/11/serg-demers.docx


 In order for the students to carry on meaningful discussions, teachers need to give students open-ended 
questions, or questions that can be solved in a number of different ways particularly when they struggle with 
new concepts and had to work collaboratively to solve the problem. The type of problems presented to 
students should be open, but should also permit the use of manipulatives. 

 
 A transition between abstract and concrete, and between concrete and abstract, is a necessary condition to a 

fulsome understanding of mathematical concepts.  By creating meaning utilizing manipulatives and then 
having teachers support this new found concrete understanding they can help students make connections to 
the more abstract, which in turn supports deep algebraic, understanding and learning. 

 
 The use of technology, in particular calculators, is a very helpful tool to visualize mathematical concepts. 

These powerful tools permit students to concentrate more on their problem solving abilities and less on 
computational abilities which are already mastered.  
 

 Implications: Need to explore: (a) ways by which changes in teaching strategies resulting from collaborative 
inquiry projects can be sustained once the consultants are removed from the school; (b) the best instructional 
practices that can promote a better transition between the concrete and the abstract. 
  

 
Teaching and Learning Mathematics 
Ruth Beatty, Lakehead University 
 
 Students who work primarily with visual representations (including concrete patterns, diagrams, and graphs) 

are more successful at understanding algebraic relationships, finding generalizations, and offering 
justifications than students who are only taught to manipulate symbols or memorize algorithms.  

 
 Effective instruction includes a slow rate of introducing a new concept, a large assortment of interrelated 

sequenced activities, the prioritization of visual as well as numeric representations, and multiple 
opportunities for practicing procedures and reviewing concepts and skills. The sequential nature of tasks 
coupled with the open-endedness of the activities allows all students, including struggling learners, access 
to aspects of mathematical thinking that are normally challenging. 

 
 Conjecturing is a vital way for students to be able to extend their thinking beyond the specific activities they 

engage with. Conjecturing allows students to move beyond considering the sums of particular numbers to 
explore whether it is always the case, whether there are any instances where this does not hold true, and to 
begin to theorize about why this is the case. Conjecturing can be developed through teacher-facilitated or 
student-facilitated discussions where students are encouraged to generalize beyond the specific phenomena 
they are exploring.  

 
 Justification is as important as conjecturing because it allows students to provide reasoning and evidence to 

validate their thinking related to their solutions. When students move beyond justifying their solutions based 
on specific examples, to justifying their answers based on more deductive reasoning, the sophistication and 
complexity of their mathematical thinking increases. 

 


