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WHAT IS COGNITIVE LOAD THEORY

A model about how the 
human brain learns 

There is a limit to how much new 
information the human brain can 
process at one time

There are no known limits to how 
much stored information can be 
processed at one time

COGNITIVE LOAD THEORY

Attention

En
co

di
ng

Re
tr

ie
va

l

Long-Term Memory
Information stored as mental 
schema with no known limit.

Working Memory
New information processed.
Limit of about four items or 
elements of information.

Bypassing working memory
Mental schema in long-term 
memory takes up only one item 
space in working memory.

Environment
Where we get 
information for learning
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COGNITIVE LOAD THEORY

Underpinning Principles

Primary and secondary 
knowledge

How humans acquire and advance 
knowledge

Novices and means-end problem 
solving



PRIMARY AND SECONDARY KNOWLEDGE

Primary Knowledge Secondary Knowledge

Universal (across cultures).
Acquired without instruction.
E.g. speaking first language.

Culturally invented by humans. 
Relatively recent in human history.
E.g. reading and writing.

Acquired effortlessly and appears to 
bypasses working memory.

Acquired with effort and processed 
through working memory.

HOW HUMANS ACQUIRE AND ADVANCE KNOWLEDGE

BORROWING AND REORGANISING GENERATE AND TEST 

Most secondary knowledge in long-term 
memory is learned (borrowed) from other 
people. It is reorganised and incorporated 
into the learner’s long-term memory

To gain knowledge that does not yet exist we 
generate and test possible solutions.  
Without sufficient knowledge, novice 
learners experience cognitive overload.

NOVICES AND MEANS–ENDS PROBLEM SOLVING

Goal Focus

Work Backwards

Search for 
Connections
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? Achieve goal?

Clark, R.E., Kirschner, P.A., 
Sweller, J. (2012)

Novices can engage in problem 

solving for extended periods 

and learn almost nothing.

EXPERTS AND PROBLEM SOLVING

Knowledge Focus

Work Forwards

Automated 
Complex Thought

1

2

3

4 Achieve goal

Sweller, J., Ayres, P. L., & 
Kalyuga, S. (2011) 

Novices need to use thinking 

skills. Experts use knowledge.



IMPLICATIONS OF COGNITIVE LOAD THEORY

Sweller, J., Ayres, P. L., & Kalyuga, S. (2011) 

It is difficult to find any aspect of our 

cognitive architecture that suggests 

learners have an advantage discovering 

information for themselves.

COGNITIVE LOAD THEORY

Types Of Cognitive Load

Intrinsic, extrinsic and germane 
cognitive load.

Total cognitive load.

Instructional design.

Implications.

TYPES OF COGNITIVE LOAD

Intrinsic Extrinsic Germane
From the intrinsic 
complexity of the 
material and prior 
knowledge

From activities that 
take up working 
memory but do not 
contribute to leaning

From activities that 
directly facilitate 
schema construction

Necessary for learning Harmful to learning Essential for learning

TOTAL COGNITIVE LOAD

Intrinsic    +    Extraneous   +    Germane     =     Total 

Limits of working memory



Intrinsic    +    Extraneous   +    Germane        =    Total 

Keep within 
limits of working 

memory

Reduce 
where 

possible Always 
Reduce

Increase as 
much as 
possible

INSTRUCTIONAL DESIGN COGNITIVE LOAD EFFECTS

Cognitive Load Theory: 
Simple Strategies
• Transient information
• Split attention
• Redundancy
• Modality

THE TRANSIENT INFORMATION EFFECT

WHEN IT HAPPENS WHY IT HAPPENS
Occurs when learners have to integrate 
multiple chunks of sequential information. 

Spoken information is transient.  It 
disappears from a student’s working 
memory unless it is written down.
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THE SPLIT ATTENTION EFFECT

WHEN IT HAPPENS WHY IT HAPPENS
Occurs when multiple sources of separated 
information are essential to learning.

Students have to hold multiple pieces of 
information in working memory to be able 
to Integrating and synthesise information.



THE REDUNDANCY EFFECT

WHEN IT HAPPENS WHY IT HAPPENS
Occurs when Learners are presented with 
irrelevant information or several different 
sources of essentially the same information.

Valuable working memory is taken up as 
students search for links between irrelevant 
or duplicated information.
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THE MODALITY EFFECT

WHEN TO USE WHY IT WORKS
Use for complex concepts and when 
auditory and visual information 
complement each other.

Working memory capacity can be increased 
by using both the visual and auditory 
processors of working memory.

THE MODALITY EFFECT (IT’S NOT LEARNING STYLES)

https://www.theguardian.com/education/2017/mar/12/no-evidence-to-back-idea-of-learning-styles

Hood, B, et al (2017). 

…there have been systematic studies of the 

effectiveness of learning styles that have 

consistently found either no evidence or very 

weak evidence to support the hypothesis…

FOCUS CUT AND DECLUTTER REDUCE TRANSIENT INFO
Focus on what you want 
students to learn and 
identify the essential 
information that they need 
to do this.

Review the material you 
plan to present to students 
and declutter. Then cut out 
any information which is 
duplicate or redundant.

Identify any information 
which is transient and add 
static representations of the 
same information.

IN PRACTICE: COGNITIVE LOAD EFFECTS TO USE ALL THE TIME 

1 2 3

Learning 
Goal



ADD MODALITY SYNCHRONISE AND REDUCE TRANSIENCY 

Wherever possible add 
simplified visual information 
to complement verbal 
information and vice versa.

Present all complementary information at the same time. 
Avoid reading aloud information which is already written 
down.  Keep transient verbal information short enough for 
students to hold in their working memory.
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IN PRACTICE: COGNITIVE LOAD EFFECTS TO USE ALL THE TIME EXAMPLES: SIMPLE STRATEGIES

Integrated instructions
Removes split attention.
Simplifies instructions.

Patterson, D. (2018)

Patterson, D. (2018)

EXAMPLES: SIMPLE STRATEGIES

Cut, declutter, modality, synchronise
Remove distracting colour from slides.
Cut redundant information.
Integrate notes and drawing.

EXAMPLES: SIMPLE STRATEGIES

12 PowerPoint Slides
1 A4 Handout



COGNITIVE LOAD EFFECTS

Cognitive Load Effects to use 
at Novice to Intermediate 
Expertise

• Worked example effect
• Completion problem 

effect

THE WORKED EXAMPLE EFFECT

WHEN TO USE WHY IT WORKS
Use lots with novices when you lots when 
you want to build schemas of knowledge.

Students do not have to focus on the goal, 
instead they can focus on the steps to get to 
the goal.
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THE COMPLETION PROBLEM EFFECT

WHEN TO USE WHY IT WORKS
Use when you want to build schemas of 
knowledge and to complement worked 
examples with multiple complex steps.

Learners can focus on one part of solving the 
problem at a time.

THE GOAL FREE EFFECT

WHEN TO USE WHY IT WORKS
Use when students have strong existing 
schemas of knowledge, and with problems 
with a limited number of moves.

Students do not have to focus on a goal, 
instead they focus on relationships and 
connections and where these can take 
them.



PLAN THE STEPS FIND MORE STEPS BREAK IT DOWN

Think through the steps you 
(as an expert) would take to 
complete something that 
you want your students to 
be able to do.

Break this down even 
further. Find the steps 
between the steps that you 
do without thinking.

Identify steps that can be 
taught and taught in 
isolation and consider 
completion problems for 
complex content.

IN PRACTICE: WORKED EXAMPLES

1 2 3
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EXPOSE SCHEMA SUPPORT AND CHECK FOR UNDERSTANDING

Demonstrate the steps 
required to students and 
make your thinking 
processes explicit

Provide opportunity for your students to do lots of practice 
and support them as they build expertise. Use completion 
and goal free problems. Check for understanding until your 
students can complete tasks independently.

IN PRACTICE: WORKED EXAMPLES
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WORKED EXAMPLES: YEAR 12 PHYSICS
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Electromagnetic induction 
 

Magnetic flux 
Magnetic flux can be calculated using the following 
equation: 
 
ϕ = #$%     
 
Where: 

ϕ Is the magnetic flux (&') 

# is the flux density of the external magnetic 
field in Tesla (() 

$%				 Is the area of a loop (perpendicular to the 
magnetic flux) that the magnetic flux 
‘catches’ (*+) 

 
This is shown in the diagrams below: 
 

 
 
If the area of a loop is not perpendicular to the 
magnetic flux density (as shown in the diagram 
below), then the magnetic flux can be calculated 
using the equation: 
 
ϕ = #$,-.(0)     
 

 
 

Faraday’s law of induction 
Faraday’s law of induction states that the 
magnitude of the electromagnetic force (EMF) 
induced in a circuit is proportional to the rate of 
change of the magnetic flux that cuts across the 
circuit. 
 
Put simply, this law means that a changing 
magnetic flux through a loop made from a 
conductor (e.g. a copper wire) will induce an 
electromagnetic force (EMF), which is measured in 
volts.  
 
EMF is calculated using the following equation:  
 
2 = −4 56

7 			= 		−4
6896:

7 			= 			−4 5(;<=)
7     

 
 
Where: 

2 Is the induced EMF (>) 

N Is the number of coils 

ϕ Is the magnetic flux (&') 

? Is the time in which the magnetic flux 
changes (,) 

# is the flux density of the external magnetic 
field in Tesla (() 

$ Is the area that the magnetic flux cuts (*+) 

 
 
How do we change magnetic flux? 
 
Magnetic flux can be changed by: 
• Changing the magnetic flux density (#) 

o Turn the magnetic field on or off. 
o Move the magnet closer or further away. 

 
• Changing the perpendicular area ($%) exposed 

to the magnetic flux. 
o Make the area smaller or larger. 
o Rotate the area in the magnetic field. 

 
 

B is the magnetic flux density (amount 
of magnetic flux in a given area)

A is the area of the loop which is 
perpendicular to the magnetic flux 
lines.  For a circular loop case ! = #$%

!
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Wire loop

This equation is in 
the data book. 

This equation is 
not in the data 
book. 

These equations are 
in the data book. 
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Lenz’s Law 
When a loop is subject to a 

changing magnetic flux an 

EMF is induced (Faraday’s 

Law). 

 

The EMF which is induced 

drives a current (due to 

Ohm’s Law (! = #$). 

 

When a current is 

established in a loop a 

magnetic field is created.  

The magnetic field created 

inside the loop has a 

direction that opposes the 

changing magnetic flux. 

 

The direction of a current 

which is driven by the EMF 

can be determined using 

the right-hand thumb rule. 

An explanation of Lenz’s Law 
A magnet being moved towards a wire loop/solenoid 

 

  

 

A magnet being moved away from a wire loop/solenoid 

 

 

 

 

 

For more information see this video: https://www.youtube.com/watch?v=pQp6bmJPU_0 

 

 

 

1. When a magnet is moved towards a coil, 
as shown in the diagram, the coil 
experiences a changing magnetic flux.  

2. In this case the flux direction is upwards 
and increasing in strength, so the 
direction of the changing magnetic flux 
is upwards.

3. This changing magnetic flux creates an 
EMF in the coil generating a current in 
the coil.  

4. This current in the coil creates a 
magnetic field in the coil (shown by the 
dashed line) which opposes the 
direction of the changing magnetic flux.  

5. The direction of current in the coil can 
be determined by the direction of the 
magnetic field inside the coil, using the 
right hand thumb rule.

1. When a magnet is moved away from a 
coil, as shown in the diagram, the coil 
experiences a changing magnetic flux.  

2. In this case the flux direction is upwards, 
but decreasing in strength, so the 
direction of the changing magnetic flux 
is downwards.

3. This changing magnetic flux creates an 
EMF in the coil generating a current in 
the coil.  

4. This current in the coil creates a 
magnetic field in the coil (shown by the 
dashed line) which opposes the 
direction of the changing magnetic flux.  

5. The direction of current in the coil can 
be determined by the direction of the 
magnetic field inside the coil, using the 
right hand thumb rule.
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Example 1 
The single coil shown to the right takes 5ms to move 
from completely outside a magnetic field to 
completely inside the magnetic field.  Calculate the 
average EMF measured by the voltmeter during the 
coil’s movement, and determine the direction of 
current in the coil during the movement. 
  

STEP 1: Identify key values from question STEP 4: State direction of current 

! = 30% & = 6 × 10*+	-. 
The direction of current in the coil will be anticlockwise as 
show on the diagram below.  
 
This is because the magnetic field created in the coil opposes 
the direction of the changing magnetic flux.  The magnetic 
flux has a direction out of the page, and as the coil is moved 
into the external magnetic field the magnetic flux it 
experiences is getting stronger.  The direction of the changing 
magnetic field is out of the page.  This means that a magnetic 
field is created inside the coil that is going into the page. 
Using the right-hand thumb rule the current can be 
determined as anticlockwise. 

 
 

/ = 1 0 = 5 × 10*+	2 
  
STEP 2: State  equations 

ϕ = !&4    and    5 = −/78
9 			 

 
 
 
 
STEP 3: Substitute values into equations 

ϕ = 30 × 6 × 10*+	     
 

5 = 1 × (0.18 − 0)5 × 10*+ 			 
 

ϕ = 0.18	>!	     5 = 36.0	?			 

Example 2 
The single coil shown to the right takes 5ms to move from 
completely inside a magnetic field to completely outside the 
magnetic field.  Calculate the average EMF measured by the 
voltmeter during the coil’s movement, and determine the 
direction of current in the coil during the movement. 

 
STEP 1: Identify key values from question STEP 4: State  direction of current 

! = 30% & = 6 × 10*+	-. 
The direction of current in the coil will be clockwise as show 
on the diagram below.  
 
This is because the magnetic field created in the coil opposes 
the changing magnetic flux.  The magnetic flux has a direction 
out of the page, and as the coil is moved out of the external 
magnetic field the magnetic flux it experiences is getting 
weaker. The direction of the changing magnetic field is into 
the page.   This means that a magnetic field is created inside 
the coil that is coming out of the page. Using the right-hand 
thumb rule the current can be determined as anticlockwise. 
 

 
 

/ = 1 0 = 5 × 10*+	2 
  
STEP 2: State  equations 

ϕ = !&4    and    5 = −/78
9 			 

 
 
 
 
STEP 3: Substitute values into equation 

ϕ = 30 × 6 × 10*+	     
 

5 = 1 × (0.18 − 0)5 × 10*+ 			 
 

ϕ = 0.18	>!	     5 = 36.0	?			 

V

10cm

6c
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B = 30T

V

!

V

10cm

6c
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B = 30T

V

B = 30T

!

Note: We ignore the negative 
sign in this equation. 

Note: We ignore the negative 
sign in this equation. 

Clear notes provided containing all relevant information 
(the mental schema needed to solve problems) Worked examples

WORKED EXAMPLES: YEAR 12 PHYSICS

Layout using clear 
stepped method
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Example 1 
The single coil shown to the right takes 5ms to move 
from completely outside a magnetic field to 
completely inside the magnetic field.  Calculate the 
average EMF measured by the voltmeter during the 
coil’s movement, and determine the direction of 
current in the coil during the movement. 
  

STEP 1: Identify key values from question STEP 4: State direction of current 

! = 30% & = 6 × 10*+	-. 
The direction of current in the coil will be anticlockwise as 
show on the diagram below.  
 
This is because the magnetic field created in the coil opposes 
the direction of the changing magnetic flux.  The magnetic 
flux has a direction out of the page, and as the coil is moved 
into the external magnetic field the magnetic flux it 
experiences is getting stronger.  The direction of the changing 
magnetic field is out of the page.  This means that a magnetic 
field is created inside the coil that is going into the page. 
Using the right-hand thumb rule the current can be 
determined as anticlockwise. 

 
 

/ = 1 0 = 5 × 10*+	2 
  
STEP 2: State  equations 

ϕ = !&4    and    5 = −/78
9 			 

 
 
 
 
STEP 3: Substitute values into equations 

ϕ = 30 × 6 × 10*+	     
 

5 = 1 × (0.18 − 0)5 × 10*+ 			 
 

ϕ = 0.18	>!	     5 = 36.0	?			 

Example 2 
The single coil shown to the right takes 5ms to move from 
completely inside a magnetic field to completely outside the 
magnetic field.  Calculate the average EMF measured by the 
voltmeter during the coil’s movement, and determine the 
direction of current in the coil during the movement. 

 
STEP 1: Identify key values from question STEP 4: State  direction of current 

! = 30% & = 6 × 10*+	-. 
The direction of current in the coil will be clockwise as show 
on the diagram below.  
 
This is because the magnetic field created in the coil opposes 
the changing magnetic flux.  The magnetic flux has a direction 
out of the page, and as the coil is moved out of the external 
magnetic field the magnetic flux it experiences is getting 
weaker. The direction of the changing magnetic field is into 
the page.   This means that a magnetic field is created inside 
the coil that is coming out of the page. Using the right-hand 
thumb rule the current can be determined as anticlockwise. 
 

 
 

/ = 1 0 = 5 × 10*+	2 
  
STEP 2: State  equations 

ϕ = !&4    and    5 = −/78
9 			 

 
 
 
 
STEP 3: Substitute values into equation 

ϕ = 30 × 6 × 10*+	     
 

5 = 1 × (0.18 − 0)5 × 10*+ 			 
 

ϕ = 0.18	>!	     5 = 36.0	?			 
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Note: We ignore the negative 
sign in this equation. 

Note: We ignore the negative 
sign in this equation. 

Highlight important 
notes.

Explanations to 
show thinking 
behind the answer



WORKED EXAMPLES: YEAR 7 PHYSICS

Example: Completed by Teacher Similar question: Completed by Student

First example 
with explanations 
for each step.

Part of first question 
completed.

Second question 
student completes 
fully

Second example 
with explanations 
removed.

COGNITIVE LOAD EFFECTS

Cognitive Load Effects to 
use with students who 
have achieved expertise
• Expertise reversal effect
• Imagination and self-

explanation effects

THE EXPERTISE REVERSAL EFFECT

WHEN IT HAPPENS WHY IT HAPPENS
Occurs when students are at intermediate 
and high levels of expertise and have 
existing schemas of knowledge.

cognitive load is increased when experts are 
cross-referencing information with 
knowledge in their long-term memory.

IMAGINATION AND SELF-EXPLANATION EFFECTS

WHEN TO USE WHY IT WORKS
Use when students are at high levels of 
expertise.  This has the opposite effect for 
students at low expertise.

It is a form of deliberate practice that 
engages in the processing of knowledge in 
working memory to strengthen schemas 
held in long-term memory. 



IMPLICATIONS OF COGNITIVE LOAD THEORY

Clark, R.E., Kirschner, P.A., Sweller, J. (2012)

Research has provided overwhelming evidence 

that, for everyone but experts, partial 

guidance during instruction is significantly less 

effective than full guidance.
INTERMEDIATE ADVANCED
At intermediate levels of expertise begin 
fading support by providing a mix of 
examples and problem-solving practice.

At advanced levels of expertise provide 
more independent problem-solving tasks.

IN PRACTICE: EXPERTISE REVERSAL AND IMAGINATION EFFECTS

1 2

IMAGINATION SELF-EXPLANATION
Encourage students to imagine taking the 
steps to solving a problem without reference 
to notes. Ensure that students check and 
correct their understanding.

Have students explain concepts to 
themselves and to other students without 
notes. Ensure that students check and 
correct their understanding.

IN PRACTICE: EXPERTISE REVERSAL AND IMAGINATION EFFECTS

3 4
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QUESTIONS?
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