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SESSION AGENDA

• What do you do now?

• Levels of Cognitive Demand

• Examining tasks

• Task implementation and modification



WHY ARE 
INSTRUCTIONAL 
TASKS 
IMPORTANT?

(NCTM, 2017, p. 215)



WHAT DO YOU DO NOW?

• What sources do you use for finding materials to 
use in the classes you teach?

• What do you look for when you’re looking for a 
lesson or mathematical task?

–Does cost matter?
–How do you judge the quality of a lesson or task?



COMPARING TWO TASKS

• Think privately about how you would go about solving each task.

• Then, turn and talk with someone near you.



COMPARING TWO TASKS
The manager of a movie theater 
found that Saturday’s sales were 
$3675. 
He knew that a total of 650 
tickets were sold Saturday.  
Adult tickets cost $7.50, and 
children’s tickets cost $4.50. 
How many of each kind of ticket 
were sold? 

Nola was selling tickets at the high 
school dance. At the end of the evening, 
she picked up the cash box and noticed 
a dollar lying on the floor next to it. She 
said,
I wonder whether the dollar belongs 
inside the cash box or not.
The price of tickets for the dance was 1 
ticket for $5 (for individuals) or 2 tickets 
for $8 (for couples). She looked inside 
the cash box and found $200 and ticket 
stubs for the 47 students in attendance. 
Does the dollar belong inside the cash 
box or not?

From Teachers Pay Teachers From Illustrative Mathematics



SIMILARITIES AND DIFFERENCES?

SIMILARITIES

• Both involve systems of 
equations

• Both require some knowledge 
of how to solve equations

DIFFERENCES

• The amount of thinking and 
reasoning required

• The number of ways the 
problem can be solved

• Possible solution strategies
• The range of ways to enter 

the problem

How are the tasks the same and how are they different?



MATHEMATICAL TASKS

Not all tasks are created equal, and different tasks will provoke 
different levels and kinds of student thinking.

Stein, Smith, Henningsen, & Silver, 2009

The level and kind of thinking in which students engage determines 
what they will learn.

Hiebert, Carpenter, Fennema, Fuson, Wearne, Murray, Oliver, & Human, 1997



LEVELS OF COGNITIVE DEMAND

• Low Level Tasks
– Memorization

– Procedures without Connections

• High Level Tasks
– Procedures with Connections

– Doing Mathematics

• Involve either reproducing previously learned 
facts, rules, formulas, or definitions or committing 
facts, rules, formulas, or definitions to memory.

• Cannot be solved using procedures because a 
procedure does not exist or because the time 
frame in which the task is being completed is too 
short to use a procedure.

• Are not ambiguous. Such tasks involve the exact 
reproduction of previously seen materials, and 
what is to be produced is clearly and directly 
stated.

• Have no connection to the concepts or meaning 
that underlie the facts, rules, formulas, or 
definitions being learned or reproduced.

• Are algorithmic. Use of the procedure either is 
specifically called for or is evident from prior 
instruction, experience, or placement of the task.

• Require limited cognitive demand for successful 
completion. Little ambiguity exists about what 
needs to be done and how to do it.

• Have no connection to the concepts or meaning 
that underlie the procedure being used.

• Are focused on producing correct answers 
instead of on developing mathematical 
understanding.

• Require no explanations or explanations that 
focus solely on describing the procedure that was 
used. 

• Focus students' attention on the use of 
procedures for the purpose of developing deeper 
levels of understanding of mathematical concepts 
and ideas.

• Suggest explicitly or implicitly pathways to follow 
that are broad general procedures that have close 
connections to underlying conceptual ideas as 
opposed to narrow algorithms that are opaque 
with respect to underlying concepts.

• Usually are represented in multiple ways, such as 
visual diagrams, manipulatives, symbols, and 
problem situations. Making connections among 
multiple representations helps develop meaning

• Require some degree of cognitive effort. Although 
general procedures may be followed, they cannot 
be followed mindlessly. Students need to engage 
with conceptual ideas that underlie the 
procedures to complete the task successfully and 
that develop understanding.

• Require complex and nonalgorithmic thinking – a 
predictable, well-rehearsed approach or pathway 
is not explicitly suggested by the task, task 
instructions, or a worked-out example.

• Require students to explore and understand the 
nature of mathematical concepts, processes, or 
relationships.

• Demand self-monitoring or self-regulation of 
one's own cognitive processes. 

• Require students to access relevant knowledge 
and experiences and make appropriate use of 
them in working through the task. 

• Require students to analyze the tasks and actively 
examine task constraints that may limit possible 
solution strategies and solutions.

• Require considerable cognitive efforts and may 
involve some level of anxiety for the student 
because of the unpredictable nature of the 
solution process required.



CHARACTERIZING MATHEMATICAL 
TASKS
• Consider the tasks in the task packet.

– Note: These tasks and lessons were collected from a number of 
popular online sources

• In pairs, decide how would you classify each task with respect to 
cognitive demand.  Be prepared to explain why you made this 
classification.





















TA S K  
F R A M E W O R K



TASK FRAMEWORK

Stein, Smith, Henningsen, & Silver, 2009, p. xviii

TASKS  
as they 
appear in 
curricular/ 
instructional 
materials

TASKS     
as set up by 
the teachers

TASKS       
as 
implemented 
by students

Student 
LearningFactors 

that 
support/ 
inhibit

Factors 
that 

support/ 
inhibit



FACTORS ASSOCIATED WITH THE 
DECLINE OF HIGH-LEVEL COGNITIVE 
DEMANDS
• Routinizing problematic aspects of the task 

• Shifting the emphasis from meaning, concepts, or understanding to the correctness or 
completeness of the answer

• Providing insufficient time to wrestle with the demanding aspects of the task or so much time 
that students drift into off-task behavior

• Engaging in high-level cognitive activities is prevented due to classroom management problems

• Selecting a task that is inappropriate for a given group of students

• Failing to hold students accountable for high-level products or processes



FACTORS ASSOCIATED WITH THE 
MAINTENANCE OF HIGH-LEVEL COGNITIVE 
DEMANDS
• Scaffolding of student thinking and reasoning

• Providing a means by which students can monitor their own progress

• Modeling of high-level performance by teacher or capable students

• Pressing for justifications, explanations, and/or meaning through questioning, comments, and/or 
feedback

• Selecting tasks that build on students’ prior knowledge

• Drawing frequent conceptual connections

• Providing sufficient time to explore 



DOES MAINTAINING COGNITIVE 
DEMAND MATTER?
• The research shows that maintaining the cognitive 

complexity of instructional tasks through the task 
enactment phase is associated with higher student 
achievement.

Stein & Lane, 1996; Stigler & Hiebert, 2004; Boaler & Staples, 2008; and more



M O D I F Y I N G  
TA S KS



STRATEGIES FOR INCREASING THE 
COGNITIVE DEMAND OF TASKS
• Ask students to create real-world stories for “naked number” problems.

• Include a prompt that asks students to represent the information another way (with a picture, in a table, 
a graph, an equation, with a context).

• Use a task “out of sequence” before students have memorized a rule or have practiced a procedure that 
can be routinely applied.

• Eliminate components of the task that confine student thinking or provide too much scaffolding.

• Create opportunities for repeated reasoning or pattern finding

• Create a prompt that asks students to write about the meaning of the mathematics concept.

• Add a prompt that asks students to make note of a pattern or to make a mathematical conjecture and to 
test their conjecture.

• Include a prompt that requires students to make a generalization.

• Include a prompt that requires students to compare solution paths or mathematical relationships and 
write about the relationship between strategies or concepts.

• Select numbers carefully so students are more inclined to note relationships between quantities (e.g., two 
tables can be used to think about the solutions to the four, six, or eight tables).



HOW MIGHT YOU MODIFY THIS 
TASK?
A local theater is showing an animated movie.  They charge $5 per ticket for a 
child and $12 per ticket for an adult.  They sell a total of 342 tickets and make a 
total of $2550.  We ant to try to find out how many of each type of ticket they 
sold.  Let c represent the number of children’s tickets sold and a represent the 
number of adult tickets sold.

(a) Write an equation that represents the fact that 342 tickets were sold.

(b) Write an equation representing the fact that they made a total of $2250.

(c) Solve the system you created in (a) and (b) by the elimination method.

Source: any textbook



ONE POSSIBLE MODIFICATION
The theater you run charges $4 for child tickets and $12 for adult tickets.

(a) What’s a large amount of money you could make?

(b) What’s a small amount of money you could make?

(c) Your no-good kid brother is working the cash register. He told you he made:

• $2,550 on Friday

• $2,126 on Saturday

• $1,968 on Sunday

He’s lying about at least one of those.  Which ones? How do you know?

Source: http://blog.mrmeyer.com/2016/makeover-systems-of-equations/



ANOTHER POSSIBLE MODIFICATION

• A local theater is showing a popular animated movie.  They charge 
admission for each person.

• The theater charges $5 per ticket for a child and $12 per ticket for 
an adult.  

• They made a total of $2550.

• They sold a total of 342 tickets.



TASK MODIFICATION

• Choose one of the tasks you examined today.

• How could you modify the task to raise the level of cognitive 
demand?

• What messages do the differences in the tasks (original vs. 
modified) send students?



R E S O U R C E S



GOOD ONLINE RESOURCES
• Illustrative Mathematics

• Inside Mathematics

• Mathalicious

• Mathematics Assessment Project

• Achieve the Core

• Robert Kaplinsky’s lessons

• Dan Meyer’s Three-Act Tasks

• Achieve.org

• 101 Questions

• YouCubed

• From NCTM:
– Illuminations

– Reasoning and Sense Making Task 
Library

– Activities with Rigor and Coherence

– Problems of the Week
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