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Abstract  

The presentation will examine  

 

Â the role of working memory in typical mathematics tasks, 

   

Â intervention strategies for enhancing working memory processes 

during mathematics learning. 

 

2 



3 

Typical maths tasks require working 

memory 

1 + 1  =  

2    3  92 

-48 

 

factorize 2x+8  

To learn these 

types of ideas  

students link ideas 

in particular ways, 

as indicated in the 

teaching 

Some students have difficulty using the teaching 

information that allows their peers to learn the skills 

because they have difficulty 

Årecalling what they know / have learning 

Åretaining and linking ideas during learning and  

Åencoding their new understanding in long term 

memory. 
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Working Memory 

New Information 
1/3  + 1 /2= 

. 

Main components of learner activity 

Learners encode the 

teaching information 

using what they know 

(recall from long term 

memory)  

To compute or solve maths tasks 

learners need to  

Å interpret teaching information 

using what they retrieve from 

long term memory, 

Å retain and link partial 

mathematics ideas  

Åsynthesize new mathematics 

knowledge and  

Ådirect their learning and thinking 

activity 

Learners 

store new 

ideas in 

long term 

memory 

and 

automatize 

them 
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Working Memory 

Baddeley's multi-component model of 

working memory  

Retain temporarily 

relevant mathematics 

information 

central 

executive  

the personôs 

existing 

knowledge  

Baddeley and Logie identifies various processes;   

 

a óphonological loopô 

óvisualïspatial 

sketchpadô  

Manipulate relevant 

ideas to solve tasks 

or form new maths 

ideas   

Retrieve and use 

existing maths 

knowledge to interpret 

the teaching information 

and build new 

knowledge.  
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Working Memory 

How different maths tasks make 

demands on working memory  

Subtraction tasks involving 

counting down strategies 

 

Central 

executive 

  óphonological loopô 

óvisualïspatial 

sketchpadô  

greater role in the ócarry operationô in addition 

and multiplication than the phonological loop  
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Raghubar, Barnes and Hechtôs  (2010) review notes that it depends on 

 

Åpersonal factors such as their age and skill level, mathematics content factors  

  

Åcharacteristics of the learning ïteaching context such the level of mastery 

targeted (beginning, generalizing or automatizing), language of instruction and 

the formats in which the mathematics information presented.  

Mathematics  learning and working 

memory is a  complex relationship     

They note the need for 

 

 óa sufficiently comprehensive model of mathematical processing, particularly in 

relation to skill acquisition, that can handle current findings on working memory 

as well as provide the basis from which to guide new discoveries and inform 

practice. (page 119)  
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Even with  a lack of consistency across studies re measuring verbal and visualï

spatial working memory,  you can see trends across the age span of school,  for 

example,   

 

Åexecutive and visualïspatial memory processes are used more during learning 

new mathematical skills/concepts versus  phonological loop processes after a 

skill has been learned.  

 

Åsome executive processes may be more generic, while others, such as visualï

spatial working memory may be more specific to early mathematical learning 

and verbal processes become more prominent at older ages  

Developmental trends in the use of 

working memory aspects 
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Dyscalculic students differ from their able peers in each working memory process; 

in 

 

Åverbal working memory,  

Åstatic and/or dynamic visualïspatial memory processing,   

Ånumerical working memory and  

Åbackward digit span tasks.   

  

Different aspects of working memory mediate different aspects of mathematical 

performance for dyscalculic children. 

 

Research here needs greater precision in knowing the strategies and processes 

students use in working memory tasks  and a theory that links working memory to 

particular aspects of mathematical learning and performance. 

  

Working memory is linked with studentsô ability to use and focus their  ólearning 

attentionô.    Dyscalculic students frequently have difficulty attending to what they 

are learning and automatizing what they are learning.  

Dyscalculic students and working memory 
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 Two aspects of explicit teaching that assists dyscalculic students to improve their 

mathematics learning ability: 

  

1.An approach to teaching any mathematics idea that includes teacher 

scaffolding of working memory processes while teaching the idea. 

 

2.The types of working memory strategies you can teach students to use 

whenever they engage in mathematics learning. 

 

Maths teaching procedures that take 

account of working memory difficulties 

 By observing how dyscalculic students respond to aspects of the maths 

teaching we can identify more precisely the particular working memory 

demands the students are not meeting ï Response to Intervention. 

 

It relies on teaching knowing what to look for. 
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 Teaching students to add two fractions with different denominators : 1/2 +1/3.   

  

Many teachers teach this by having their students  

 

1.manipulate types of quantities 

 

2.observe how each step is computed in typical tasks and recorded in writing.  

The students may see the procedure described by the following written 

statements.   

    1/2 +1/3  

 = 3/6 + 2/6 

 = 5/6 

  

 They apply the procedure to a set of examples.  

How regular maths teaching assume 

working memory abilities 
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Working Memory for  1/2 + 1/3 = 

The working memory demands for 

learning from this type of teaching  

ócentral executive: 

Årecall names of  ½,  1/3 

and +, 

Åcalculate new LCD, new 

numerators and add, 

Åextract the procedure to 

apply it to other 

examples 

Åknow when to use it,  

that is,  how 1 /2+ 1/3= 

differs from 2/6+3/6 =  

phonological loop :  

retain the verbal 

explanations provided 

by teacher,  the 

description of the 

steps ô 

visualïspatial 

sketchpadô :  

retain pictures of  ½, 

1/3 and how they are 

moved to show the 

total  

the personôs existing 

knowledge 

 

Årecall how to 2/6+3/6 

=  

 

Årecall  how to 

calculate 1/3= 1/6 

 

Åstore new procedure 

and when to use it.  

Some students have difficulty benefiting from this 

approach to teaching.    

 

There is little direct scaffolding of studentsô working 

memory use. 

 

Alternative approach : cues students to direct their 

attention to various aspects of the maths information 

in a systematic way and to use various strategies to 

manage the working memory demands   

It also involves teaching explicitly those aspects of 

working memory processing the student is not using. 
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Alternative approach : cue students to attend systematically to various aspects of 

the maths information and to use various strategies to manage working memory.   

 

The teacher uses dialogue to :  

 

Åencode the task in working memory; 

 

Åstimulate what students already know about this type of task;  this provides the 

existing knowledge base for encoding and representing the new ideas;  

 

Åguide students to link the new task with ones they already can do;  this assists 

them to focus on the particular features of the new task; 

 

Åguide students to encode the type of problem in working memory for later 

storage in long term memory; 

 

Åstimulate what students already know about key components of the new task;  

this helps them retrieve additional relevant aspects of  existing knowledge;  

Maths teaching that includes explicit teacher 

scaffolding of working memory processes 
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The teacher uses dialogue in the ways shown below to achieve this:  

 

Åstimulate students to use the new links to complete a specific task;  this assists 

them to encode a particular example in context in working memory; 

 

Årepeat with similar particular tasks; this guides students to encode the type of 

task in working memory; 

 

Åguide the students to identify and describe the new procedure and to practise 

applying it;  this guides students to encode the new procedure in working 

memory;  

 

Åguide the students to identify when to use the new procedure this guides 

students to encode in working memory the types of contexts in which they will 

use the new procedure; \ 

 

Åguide the students to automatize what they know about how to add two 

fractions.  

Maths teaching that includes explicit teacher 

scaffolding of working memory processes 
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Teacher and student activity for each aspect is described in the following ways: 

 

 

 

 

 

 

 

  

 

Maths teaching that includes explicit teacher 

scaffolding of working memory processes 

 

Focus of the 

teaching  

How teacher scaffolds 

student to use of the 

components of working 

memory 

What students 

say / think 

Focus of the 

teaching 
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Encode the task in working memory .  

Read the task and say 

what it says.  Make a 

picture of what it says.  

1 + 1  =  

2    3 scaffold students to 

interpret the task 

I add ½ and 1/3 and say how much there is 

altogether.  If I add the top numbers and the 

bottom numbers I get 2/5. 

 

 I can make a picture of it  as a half of a pizza and 

a third of a pizza. It is more than three quarters and 

less than one pizza.  It is more than 2/5.  
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Stimulate what students already know 

about this type of task.  

What types of fractions 

can you add?  

Can you add 2/6+ 3/6 =? 

Write down some other 

tasks you can add.  

1 + 1  =  

2    3 scaffold students to 

say what they know 

about the type of 

task  

The students :  

Åsay,  imagines doing 2/6+ 3/6 =  and work it out 

Åwork out other examples,  such as  3/8+ 4/8 =  

Åmake up other examples of ones they can add directly  

1/2 + 1/3 = 2/6+ 3/6 = 

3/8+ 4/8 = 

 

I can do these 
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Guide students to link the new task with 

ones they already can do 

How do these tasks differ 

from the one we are 

working on ? 

1 + 1  =  

2    3 scaffold students to 

see how the new 

task differs from the 

one they know 

The students say how the ones 

they can do differ from the ones 

they are working on 

   

1/2 + 1/3 = 
2/6+ 3/6 = 

 

3/8+ 4/8 = 

These have the 

same 

denominator  
 These have 

different 

denominators 
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Stimulate what students already know 

about this type of task.  

What types of fractions 

can you add?  

Can you add 2/6+ 3/6 =? 

Write down some other 

tasks you can add.  

1 + 1  =  

2    3 scaffold students to 

say what they know 

about the type of 

task  

The students :  

Åsay,  imagine doing 2/6+ 3/6 =  and work it out 

Åwork out other examples,  such as  3/8+ 4/8 =  

Åmake up other examples of ones they can add directly  

1/2 + 1/3 = 2/6+ 3/6 = 

3/8+ 4/8 = 

 

I can do these 
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Stimulate what students already know 

about key components of the new task.  

What are other fractions that 

say the same as 1/3 ?  

 

Repeat for ½. 

 

 What do these two sets of 

pictures show ?  How could 

you use what they tell us ?  

1 + 1  =  

2    3 scaffold students to 

recall how they can 

say each fraction in 

other ways   

Ways of saying 1/3   

Ways of saying 1/2   

1 

3 

2 

6 

3 

9 

 4 

1

2 

1 

2 

2 

4 

3 

6 

4 

8 
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Guide students to use the new links to 

complete the particular task.  

Remember we want to find two 

fractions that are the same as 

1/2 and 1/3.   

Can you find another fraction for 

1/2 and 1/3 that have the same 

denominator ?  

1 + 1  =  

2    3 
Scaffold students to see 

how they can use 

partners for 1/2 and 1/3 

to solve the task  1/2 + 

1/3  =.  

 

Cue them to rehearse 

the new links  

Rehearse the links in completing the task:  2/6 is the 

same as 1/3.  3/6 is the same as ½.  I used these 

instead of 1/3 and ½.  This let me add the two fractions. 

Review what they did to complete the task: I couldnôt 

add ½ and 1/3. I needed to say them in other ways and 

find partners that had the same denominator.  Then I 

added the two new fractions.   

1 

3 

2 

6 

3 

9 

 4 

12 

1 

2 

2 

4 

3 

6 

4 

8 

1 + 1  =  

2  3 

 

3 + 2 = 

6    6 

 

5 

6 
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Repeat with similar tasks .  

Say what you will do to 

complete each task 

before you begin 

1 + 1  =  

2    3 
Scaffold students to use 

the procedure with similar 

tasks using the worked 

example as a model, for 

example, 2/3 + 1/4  =.   

 

Cue them to say what they 

will do before they begin 

using the earlier task.  

Scaffold each step. 

I need to find partners for the two fractions so I can 

add them.  

2 

3 

4 

6 

6 

9 
 8 

12 
1 

4 

2 

8 
 3 

12 

 4 

16 

2/3 + 1/4  = 2/3 + 1/4   = 

 

8/12 + 3/13= 

 

11/12 

Rehearse the links in completing the task:  2/6 is the 

same as 1/3.  
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Guide the students to identify and describe 

the new procedure and practise applying it.  

Look at the three examples.  

What things did you do to 

work out each one ?  

1 + 1  =  

2    3 

Cue the students to review the 

tasks they have completed 

and identify the procedure.  

Guide them to recognize key 

aspects of the procedure.  

  

Have them work through a set 

of practice tasks.  Before they 

begin each task,  ask them to 

say what they will do.  

1/2 + 1/3 

 

= 2/6 + 3/6 

 

= 5/6 

2/3 + ¼ 

 

= 8/12+3/12 

 

= 5/12 

1/4 + 2/5 

 

= 8/12+3/12 

 

= 5/12 

What do you notice about the new denominator in each task ?  

 

How could you work it out from the 2 beginning denominators?  How do we work 

out the new numerators? Say the procedure we will use to add 2 fractions like this. 

How will you do it in future tasks ?  


