
What Current Research is Telling Us About Math Education

A Focus on Big Ideas Helps Students Build Connections

There is increasing acceptance that focusing on big ideas (i.e., enduring understandings, 
essential questions, or essential understandings) is critical to developing sustained learning 
(McTighe and Wiggins, 2013; Otto et al., 2011; Small, 2009). 

By focusing on more important, or essential, mathematical ideas, students are better able 
to build connections and better able to make sense of the specifics that they learn. These big 
ideas should be clearly identified for students and used to shape tasks, questioning, learning 
goals, success criteria, and assessment. In How People Learn (National Research Council, 
2000), the ability to organize thinking around big ideas is cited as one of the key factors in 
deep learning.

Using Backwards Design to Plan More Effective Lessons 

Backwards design, or designing with the learning goal in mind, is a way to ensure that 
instruction is focused on desired outcomes (Wiggins and McTighe, 2005). It makes sense 
that a unit of instruction will be more effective if the teacher has first thought about how the 
student will demonstrate if he or she has understood the important ideas of that unit. The 
teacher can then design instruction accordingly. 

Sullivan (2011) speaks about the importance of establishing clear and explicit learning 
goals and then building a pedagogical approach that helps students achieve those goals. 

Teaching Through Problem Solving Creates Problem Solvers

Teaching through problem solving has a long history in mathematics education. As long 
ago as 1987, Resnick suggested that learning through problem solving helps make students 
adaptable. Lampert (2001) conducted a year-long study showing the positive effect of 
teaching grade 5 students in this way. Cai (2014) produced a thorough report showing 
the positive effects of teaching through problem solving. A number of researchers have 
confirmed student ability to explore problems and invent solutions (Carpenter et al., 1998; 
Kamii, 2000).

Differentiating Instruction to Meet Individual Needs

With the increasing attention to differentiation, the use of open questions and parallel tasks 
has become more widespread in mathematics (Small, 2010, 2012). Open questions allow a 
group of students with a wide range of abilities to respond to the same question in different 
ways. Parallel tasks focus on the same learning, but at different levels of complexity. These 
strategies allow the teacher to maintain a learning community, while at the same time 
serving the needs of individual students and subgroups of students. 

An interesting study from Alberta (Huebner, 2010) suggests that differentiated instruction 
consistently yields better results. There is evidence that differentiation can help both 
struggling students and high-achieving students.
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High-Quality Assessment Enhances Learning

There has been increased attention to the role of assessment in student performance, 
particularly assessment for learning (i.e., formative assessment). Earl (2007) indicates that 
teachers need to use both their knowledge of the curriculum and their knowledge of their 
students to identify students’ learning needs as part of assessment for learning. Black and 
Wiliam (1998) and Hattie and Timperley (2007) point out that better formative assessment, 
particularly in the use of descriptive feedback, consistently raises achievement.

The National Research Council (1993) points out that high-quality assessment enhances 
learning and that assessment can play a large role in reforming teaching practice.

Teacher Metacognition and Professional Development 

A great deal of literature has made it clear that many elementary teachers are not specialists 
in math pedagogy or content and that the professional development in which teachers 
engage needs to be sustained and ongoing (Walker, 2007). 

There has also been research on the value of teachers being aware of the implications of 
their instructional decisions, particularly in knowing how students learn math and using 
that knowledge to inform instructional plans (Carpenter et al. 2000; Hill, Rowan, and Ball, 
2005; Ball, Thames, and Phelps, 2008). 

Parent Involvement Influences Student Achievement 

Vukovic, Roberts, and Wright (2013) found that parents influence children’s mathematics 
achievement, especially achievement on word problems and reasoning tasks, by reducing 
math anxiety. Desforges (2003) notes the positive effect of a “home learning environment” 
and the particularly positive effect when educators and parents share goals.

Recent Directions of the Ontario Ministry of Education
To respond to what current research is telling us about mathematics education, the Ontario 
Ministry of Education has expressed support for the following:
•	 teaching the mathematics curriculum through three-part problem-solving lessons1 
•	 including open questions and parallel tasks to enrich and differentiate instruction2 
•	 encouraging rich mathematical conversations through open questions, as well as other 

rich tasks, and effective and targeted questioning3  
•	 concentrating on big ideas to help students gain a deeper understanding of mathematics4

•	 clustering expectations around big ideas5

•	 revealing learning goals and encouraging student co-construction of those goals with 
teacher support6 

•	 using success criteria and encouraging student co-construction of those criteria with 
teacher support7 

•	 using a balanced approach for assessment for learning and for assessment of learning that 
looks at a broad range of mathematical performance, and focusing on overall expectations 
for assessment of learning8

•	 focusing on mathematical processes9

•	 using a balanced instructional approach that includes problem solving and concept and 
skill development, as well as allows for appropriate practice10

•	 continued professional development for teachers11 
•	 communicating with parents about the math program12

The Three-Part Problem-Solving Lesson13

The three-part problem-solving lesson format advocated by the Ministry includes an activation  
or preparation activity, a main task in the form of a problem, and a consolidation. The 
consolidation involves reflection on the various student strategies used in the main task and is 
intended to ensure that the mathematical ideas that underlie the lesson goal are highlighted.
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The use of problem-solving lessons encourages teachers to act on the belief that they 
do not have to model processes for students and then have students copy them. Instead, 
students can solve appropriate problems using their own strategies and then teachers 
can use those student solutions to refine an understanding of the concepts and skills that 
students need to learn.

Differentiating Instruction14

The Ministry suggests that both open questions and parallel tasks can be used to differentiate 
instruction. Open questions and parallel tasks are particularly useful when the focus of 
instruction is on big ideas that transcend the details of specific tasks. For example, whether 
students work with three-digit or four-digit numbers is less important when the overarching 
big idea is about place value in general. 

Rich Mathematical Conversations15

Ministry documents propose that open questions and parallel tasks can promote richer 
mathematical conversations in classrooms. All students can participate since they are all 
working on similar or related tasks but at their own levels. Rich conversations are enhanced 
through the use of carefully crafted probing and reflecting questions.

Big Ideas16

Programs that are organized around big ideas allow students to explore mathematical 
concepts in greater depth than programs that are not. A focus on big ideas helps students 
gain a deeper understanding of mathematical concepts. Students are better able to see 
connections, which helps them learn.

Big ideas act as a lens for teachers when they make instructional decisions, identify 
prior learning, look at student thinking, collect observations, provide feedback, and plan 
subsequent learning.

Clustering Expectations17

Clustering expectations around big ideas provides a focus for student learning as well as for 
teacher development. Expectations should be taught as a network of interrelated concepts. 

Learning Goals18

The Growing Success document suggests that lesson goals need to be revealed at an 
appropriate time in the lesson and ideally should be co-constructed with students. 

Since expectations should not be taught in isolation, it would make sense for learning 
goals to focus on bigger ideas. 

Co-Construction of Learning Goals and Success Criteria19

Learning goals for lessons are more meaningful to students if they are co-constructed with 
classmates with teacher support. The same is true for success criteria. 

Co-constructing learning goals and success criteria will help students develop habits of 
mind that will prepare them for constructing goals and success criteria independently in 
future situations.

Processes20

The seven processes that underlie the Ontario math curriculum K–12 — problem solving, 
reasoning and proving, reflecting, selecting tools and computational strategies, connecting, 
representing, and communicating — are seen as the processes through which students 
develop mathematical knowledge and skills. Attention to these processes is important.

Assessment21

The Ministry focuses on the need for a balanced assessment of a broad range of mathematical 
performance, not just an assessment of skills. It suggests the need to focus on thinking, 
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knowledge and understanding, application, and communication.
It focuses on the importance of using observation as an assessment tool and not just 

paper and pencil tools.
It also focuses on the value of sharing and co-constructing success criteria with 

students to assist in both assessment for learning and assessment as learning (i.e., student 
metacognition) processes. 

A Balanced Approach to Mathematics Instruction22 

The Ministry suggests that an effective math program should include a balance of problem 
solving and concept and skill development, as well as a variety of pedagogical approaches. 

The Ministry continues to reinforce a statement made by the Minister of Education in 
January 2014, that “the curriculum includes a ‘balanced approach’ ” to math that “includes 
instruction in math concepts, math problems, and math skills ....”

Continued Professional Development23

The Ministry supports continued professional development for teachers, recognizing the 
need for teachers to continually reflect on their practice. The Ministry regularly sponsors 
such events, consistently provides new video and print materials, and cites collaborative 
professional learning in mathematics education as one of the seven foundational principles 
for improvement in mathematics education from K to 12.

Communication With Parents24

The Ministry suggests the importance of communicating with parents in a variety of ways 
about the changing vision of mathematics education. It encourages teachers and schools to 
help parents become familiar with the mathematical ideas their children are learning.
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