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Workshop Abstract
When mathematics teachers plan instruction for their students, they focus on the
middle achievers. However, high-progress learners may need additional resources
to challenge and engage them while low-progress learners who are lacking
prerequisite knowledge need extra support. To address the difficulty of meeting
the needs of all learners in their mathematics instruction, mathematics teachers
have found success by “basing instruction on problems and activities that invite
different solution approaches and many levels of solution so that less talented
students can participate in the task with more talented individuals and all can
experience individual success.” (Bley and Thornton 1994, p.158). This workshop will
focus on the types of short open-ended tasks that teacher can convert from closed
problems found in textbook exercises. Such open-ended tasks can be incorporated
into normal lessons and would not require an extensive length of several periods
for students to solve. This workshop will also discuss how open-ended tasks can be
integrated in the teaching and learning of mathematics at the primary level.
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Personal Observations
 When mathematics teachers plan instruction for their students, they
focus on the middle achievers.
 However, high-progress learners may need additional resources to
challenge and engage them while low-progress learners who are
lacking prerequisite knowledge need extra support.
 To address the difficulty of meeting the needs of all learners in their
mathematics instruction, mathematics teachers have found success by
“basing instruction on problems and activities that invite different solution
approaches and many levels of solution so that less talented students can
participate in the task with more talented individuals and all can experience
individual success.” (Bley and Thornton 1994, p.158).
3

Presentation Outline
Definition: Open-Ended Task / Problem
Difference between Closed Task and OpenEnded Task

Two Types of Open-Ended Tasks
Approach to Open-Ended Task

Implications
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Definition of Open-Ended Problems
•Considered as ill-structured problems
as they lack clear formulation
May contain missing data
No fixed procedure that guarantees
a correct solution
Orton & Frobisher (1997)
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Open-Ended Task / Problem

• Open-ended tasks are those that require pupils to
think more intensely and to provide a solution
which involves more than remembering a fact or
repeating a skill.
• There are many possible solution approaches and
strategies to solve an open-ended task.
• The focus of open-ended tasks offer opportunities
for pupils to reveal their decision making process,
mathematical thinking, reasoning process as well as
problem solving and communication skills.
Yeo, K.K.J. (2016). Using Open-Ended Tasks to Foster 21st Century Learners at the Primary Level. In
Toh, P. C.,& Kaur, B. (Eds.), Developing 21st Century Competencies in the Mathematics Classroom
(pp. 132-148). Singapore: World Scientific.

(Yeo, 2016)
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Example of Open-Ended Task / Problem for Lower Primary Pupils
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Source: Yeo, K. K. J. (2013). Amazing Mathematics: Practice Makes Perfect 1B. Page84

Example of Open-Ended Task / Problem for Upper Primary Pupils

The Broken Calculator

How would you make a calculator display the
number 75 if the 5 key was broken?
How many solutions can you find?
• What solutions would you expect from your pupils?
• Are there any variation in pupil use of operations and number
sense?
• How many solution strategies and correct solutions?
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Keith R.L., Kathy, L. & Denise S. M. (2005). Getting started with open-ended assessment. Teaching Children Mathematics. 4(3), 413-419.

Closed and Open-Ended Task
• A closed problem possesses a very clear start and objectives
and doesn’t allow the possibility of divergent thinking.
• Therefore, a problem that is ‘open’ with respect to either its
introduction or objectives, and is by corollary open to
divergent thinking, can be considered an open-ended
problem.
• In this sense, an open-ended problem is defined as a problem
that may have a very clear starting context but is open
to many different possible solutions.
Pehkonen (1995)
Pehkonen, E. (1995) On pupils' reactions to the use of open-ended problems in mathematics. Nordic Studies in
Mathematics Education. 3(4), 43-57.
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Difference between Closed Problem and
Open-Ended Problem
Closed Problem

Open-Ended Problem

• A rectangle is 10 m
long and 5 m wide.
What is its perimeter
and area?

• The perimeter of a
rectangle is 30 m.
What might be its
area?

Comment
Open-ended problem is more accessible than the closed problem, in
that students can use what knowledge they have about perimeter to
explore aspects of area, whereas the closed problem requires the recall
of specific area and perimeter formulae.
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Example of Open-Ended Task / Problem
Closed Problem

Closed Problem

Open-Ended Problem
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Source: Yeo, K. K. J. (2013). Amazing Mathematics: Practice Makes Perfect 1A.

Difference between Closed and Open-Ended Tasks
Closed-ended Tasks

Open-ended Tasks

Routine textbook sums

Non-routine

One expected correct answer

A variety of correct responses

Structured pre-taught procedures

A variety of solution strategies

Require pupils to give a specific and
predetermined answer in the form of
a single number, figure or
mathematical object.

Require pupils to explain concepts
and solution processes using various
modes: diagram, symbols and words

Allow teachers to check if pupils have Allow pupils to demonstrate their own
learned certain solution methods
ways of approaching and solving the
taught by them
problem
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Types of Open-Ended Tasks
1. Open-Ended Tasks that Make
Assumptions on the Missing
Information
2. Open-Ended Tasks to discuss a
Concept, Algorithm or Error
Yeo, K.K.J. (2016). Using Open-Ended Tasks to Foster 21st Century Learners at the Primary Level. In Toh, P. C.,& Kaur, B. (Eds.),
Developing 21st Century Competencies in the Mathematics Classroom (pp. 132-148). Singapore: World Scientific.
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Open-Ended Tasks that Make Assumptions on
the Missing Information
Open-Ended Task 1 (Primary 1)
There are 6 green balls and 6 yellow balls in a box.
I take out any 7 balls from the box.
How many of them are green balls?
How many of them are yellow balls?
Explain clearly using pictures, numbers and words.
Figure 1. Open-ended Task 1 that makes assumptions on the missing information

Yeo, K.K.J. (2016). Using Open-Ended Tasks to Foster 21st Century Learners at the Primary Level. In Toh, P. C.,& Kaur, B. (Eds.),
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From the curriculum perspectives, this open-ended Task 1 has been designed
specifically for the following cognitive demands:
1. Pupils identify the missing information essential to the open-ended task.
2. Pupils make their own assumptions about the missing information: number of
green balls and yellow balls to be taken out.
3. Pupils access relevant mathematical concept and find the number of balls left in
the box.
4. Pupils work out the number bonds and operations.
5. Pupils must communicate their mathematical reasoning in words and pictures.
6. Pupils show their creativity in using possible heuristics and solutions.
Yeo, K.K.J. (2016). Using Open-Ended Tasks to Foster 21st Century Learners at the Primary Level. In Toh, P. C.,& Kaur, B. (Eds.),
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Open-Ended Task 1 (Primary 1)
There are 6 green balls and 6 yellow balls in a box. I take out any 7 balls from the box.
How many of them are green balls?
How many of them are yellow balls?
Explain clearly using pictures, numbers and words.
Figure 2 and Figure 3 show the responses of two primary 1 pupils. The
uses of verbal, symbolic and pictorial mathematical representations were
manifested in these children’s work when they were given the opportunity
to be creative in an open-ended situation such as this.

Figure 2. Pupil A’s responses to open-ended task 1

FFigure 3. Pupil B’s responses to open-ended task 1
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Open-Ended Tasks that Make Assumptions on the Missing Information
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Source: Yeo, K. K. J. (2016). Amazing Mathematics: Practice Makes Perfect 3B. Page 102

Open-Ended Tasks that Make Assumptions on
the Missing Information

ABC is an isosceles
triangle with angle A
= 50o.

B

A

B

A

Find three possible
values of angle B.
A

B
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Open-Ended Tasks to discuss a Concept,
Algorithm or Error

John says that 12 + 3 is the same as 3+ 12
Is he right?
Why? You can write or draw to show me.

21
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Open-Ended Tasks to discuss a Concept, Algorithm or Error

Suppose you forgot what 8 x 6 is, but you
remembered that 5 x 6 is 30.
How could you use this fact to figure out
what 8 x 6 is?

http://books.heinemann.com/math/nature.cfm
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Open-Ended Tasks to discuss a Concept, Algorithm or Error
Suppose you forgot what 8 x 6 is, but you remembered that 5 x 6 is
30. How could you use this fact to figure out what 8 x 6 is?
Pupil’s Response

The following primary pupils’
responses to this task
clearly indicate that the two
pupils conceptualized the
problem differently yet
correctly.
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Open-Ended Tasks to discuss a Concept, Algorithm or Error

Alan and Benny write 5 cents in dollars (i.e. as
a decimal) in different ways.
Alan writes it as $0.5 and
Benny writes it as $0.05.
Who is right and why?
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Open-Ended Tasks to discuss a Concept, Algorithm or Error
Put these decimals in order from the least to the greatest
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Open-Ended Tasks to discuss a Concept, Algorithm or Error

Jane claims she has divided the rectangle below into
4 equal areas.
David disagrees.
Who is correct and why?
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Approach to Open-Ended Task
Open-ended tasks require pupils to:
– plan their approach, especially sequencing more than
one step;
– process multiple pieces of information, with an
expectation that they make connections between those
pieces, and see concepts in new ways;
– choose their own strategies, goals, and level of accessing
the task;
– spend time on the task and record their thinking;
– explain their strategies and justify their thinking to the
teacher and other students.
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• One issue is whether the exercises in the mathematics
textbooks/workbook provide teachers with the opportunities to see
into their pupils' thinking and, as a result, adjust their teaching to
suit their pupils’ needs.
• The textbook is a “variable that on the one hand we can manipulate
and on the other hand does affect student learning.”
(Begle, 1973, p. 209)

• A related issue is whether pupils have sufficient opportunity within
the textbook, and when not present, consider how we might
modify problems or tasks to engage students in reasoning,
communicating about mathematics, and explaining their thinking.
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‘Any closed questions can be reformulated to create an open
ended questions using one of two methods’.
(Sullivan & Lilburn 1997)

General considerations
• The Open-Ended Tasks must be mathematically meaningful.
• They must serve important curriculum goals.
• They are often open-ended and contextualized.
• They are equally accessible to all the students.
• They can be completed in a reasonable length of time.
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Method 1: Adapting a standard/routine problem
a.
b.
c.

Identify a mathematical topic or concept.
Write a standard/routine problem from the
textbook/workbook.
Adapt it to it make a short open-ended problem.

Closed Problem
Round 37.67 to the nearest tenth.
Open-Ended Problem
Write 3 different decimals that when rounded to the nearest
tenth give 37.7.
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Method 1: Adapting a standard/routine problem

Closed Problem
Round 72 to the nearest ten
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Source: Yeo, K. K. J. (2017). Amazing Mathematics: Practice Makes Perfect 4A.

Method 1: Adapting a standard/routine problem
Standard/routine Closed Problem
Open-Ended Problem
Two sevenths of 210 children
borrow books from the library
each day. How many children
borrow books from the library
each day?

Find the missing angles on this
parallelogram.

300

Two sevenths of the children in a
school borrow books from the
library each day.
(a) How many children are there
in the school?
(b) How many of them borrow
books each day?
Find the possible missing angles
on this parallelogram.

1500
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Method 2: Reverse Using the answer

a.
b.

Identify a mathematical topic or concept.
Write a standard/routine problem from the
textbook/workbook and write down the answer.
c. Create an open-ended problem that includes (or
addresses) the answer.
Closed Problem
Round 3.7946 to one decimal place

Open-Ended Problem
A number has been rounded to 3.8. What are the two
possible decimals?
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Method 2: Reverse Using the answer

a.
b.
c.

Identify a mathematical topic or concept.
Write a standard/routine problem from the
textbook/workbook and write down the answer.
Create an open-ended problem that includes (or
addresses) the answer.

Closed Problem
Find the difference between 6 and 1
Open-Ended Problem
The difference between two numbers is 5. What might the
two numbers be?
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Implications

• By giving open-ended task will not automatically
result in pupils’ engagement in high level thinking.
• Teachers must have a paradigm shift towards a
more process-based approach.
• Teachers’ knowledge and understanding of openended Tasks.
• Teachers’ knowledge of classroom-based factors
that maintain pupils’ high level engagement.
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