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Seeing is believing, or so the saying goes. We depend on our sight for many things in life - using a
map to find our way, using a picture to aid recognition, or using diagrams to better describe what
our words fail to communicate. In the math classroom, sometimes the solution to a problem is right
before our eyes.
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Why is visualization important in mathematics?
What are the factors that influence students’ choice of problem-solving method?
How does visualization help students in mathematical problem solving?
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Visualization in math problem solving
Inasmuch as the ability to solve problems is at the heart of mathematics, visualization is at the heart of
mathematical problem solving.
Visualization is the ability to see and understand a problem situation. Visualizing a situation or an object
involves "mentally manipulating various alternatives for solving a problem related to a situation or object
without benefit of concrete manipulatives" (MOE, 2001, p. 51).
Visualization can be a powerful cognitive tool in problem solving. In the revised Primary Mathematics
syllabus (MOE, 2007), it is highlighted as an important skill “essential in the learning and application of
mathematics” (p. 13).
This ability to reason visually is increasingly important in the information age. Thus, the role that
visualization plays in students’ mathematical thinking and problem-solving experiences has become more
significant.
The research study
A recent study by Dr Ho Siew Yin attempted to provide insights into the use of visualization in mathematical
problem solving among primary school students.
She asked 50 Primary 5 and Primary 6 students to solve word problems with a high degree of visuality and
difficulty. Here is an example of such a word problem:
A man plants seedlings along a straight path.
He plants a seedling every 4 cm along a path.
The length of the path is 60 cm.
How many seedlings, at most, can he plant?
This problem is typical of what students would face in the PSLE exam. The students were asked to solve
six such problems in an interview setting. Siew Yin documented five processes and seven roles of
visualization in their problem solving.
Processes of visualization
Siew Yin noted that the students went through the following processes when solving the math problems:
1. Understanding the spatial relations of the elements in the problem
2. Connecting to a previously solved problem
3. Constructing a visual representation (in the mind, on paper, or through the use of technological tools)
4. Using the visual representation to solve the problem
5. Encoding the answer to the problem
As part of the problem-solving process, the students would construct visual representations, often in the
form of diagrams drawn on paper.
However, Siew Yin also noted that a number of students in the study were creating visual representations
that were not helpful to them. Diezmann (2000) describes three types of unusable diagrams:

Where the diagram is too small to represent all the relevant information in the problem;
Where the diagram is too untidy for the problem-solver to see the elements of the problem clearly; and
Where there is insufficient space around the diagram to extend it.

To draw or not to draw?
Primary 6 student, Hao Wei, caught Siew Yin’s attention because he hardly ever
used visual representations when solving math problems. Why do students
sometimes use visualization in solving problems, while opting not to at other times?
Is it a matter of individual preference?
Presmeg (1986) defined a visual method as one that involves a visual image, with or
without a diagram, as an essential part of the method of solution. A non-visual
method, on the other hand, doesn’t rely on a visual image.
Siew Yin found that students’ use of a visual method in their problem solving was
influenced by two factors: (1) the novelty of the problem, and (2) students’ perception
of their teacher’s problem-solving preference.
It appeared that students preferred to use visual methods for novel problems and
non-visual methods for familiar ones.
For non-novel problems, the students have an adequate knowledge base as well as
problem-solving experience. Because they are able to identify the relevant
knowledge to apply, a non-visual method is considered a more efficient method to
solve the problem. In addition, they are able to apply the same method to solve all
problems of a similar type.
For novel problems, however, a visual method is more fruitful as the visual
representation helps students to understand the spatial relations of the elements in
the problem.
Some students were observed using methods which they perceived as their
teacher’s problem-solving preferred method. Hao Wei, for example, felt that his
teacher viewed drawing diagrams as a waste of time, and thus used only non-visual
methods to solve problems.
Unfortunately, students like Hao Wei are not always successful in problem solving as
the non-visual method does not allow them to adequately understand the problem.

Roles of visualization
Visualization plays different functions or roles as students use it to solve problems. Siew Yin identified
seven roles:
1. To understand the problem
By representing the problem visually, students can understand how the elements in the problem relate
to each other.
2. To simplify the problem
Visualization allows students to identify a simpler version of the problem, solving the problem and then
formalizing the understanding of the given problem and identifying a method that works for all such
problems.
3. To see connections to a related problem
This involves relating the given problem to previous problem-solving experiences.
4. To cater to individual learning styles
Each student has his or her own preference when it comes to the use of visual representations when
solving problems.
5. As a substitute for computation
The answer to the problem can be obtained directly from the visual representation itself, without the
need for computation.
6. As a tool to check the solution
The visual representation may be used to check for the reasonableness of the answer obtained.
7. To transform the problem into a mathematical form
Mathematical forms may be obtained from the visual representation to solve the problem.
Developing visualization skills
To help students develop visualization skills, classroom teachers and designers of curriculum materials
should first be mindful of the factors that influence students’ choice of problem-solving method, and of the
processes and roles that visualization plays in mathematical problem solving.

Siew Yin also recommends that teachers increase students’ awareness of the three types of unusable | Print |
diagrams by illustrating the disadvantages of using such diagrams during problem solving.
If visualization is at the heart of mathematical problem solving, then it is vital that both teachers and
students see the role of visualization clearly and use it to help them in their problem-solving process.
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