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This is possibly the first and probably the last 
piece of pure text in this book and if Oliver 
is right, it’s also the part of the book that 
you’ll remember the least. And so it should 
be. Oliver has delivered a monumental work 
on a subject — the dual coding theory — that 
he’s eminently capable of delivering. He has 
a unique combination of knowledge, skills, 
and attitudes; in other words he has unique 
competencies. He knows a lot about how we 
process information and learn. He is also a 
skilful storyteller (if you’ve never been to one 
of his presentations, you’re really missing 
something) and graphic designer who is 
capable of translating what we say, write, and 
think into simple and understandable graphic 
images. Finally, his attitude towards what he 
knows is shaped by his desire to spread this to 
all of us in the learning business so that we can 
all do our work better.

The basis of this book lies in the year 1969 
when Allan Paivio published ‘Mental Imagery 
in Associative Learning and Memory’. In that 

PREFACE 
BY PAUL KIRSCHNER

article, he posited that in our brains, non-verbal 
imagery and verbal symbolic processes are 
operationally distinguishable from each other 
and are differentially available to a learner 
as associative mediators or memory codes. 
In 1986 he wrote that ‘Human cognition is 
unique in that it has become specialized for 
dealing simultaneously with language and 
with non-verbal objects and events’ and this 
can facilitate and strengthen learning. The 
verbal system processes information in the 
form of words and the non-verbal system in 
the form of the properties in the real world. 
For example, when we think of an apple pie, 
we recall the word, but also summon up how it 
feels to eat an apple pie and how it looks and 
smells. Furthermore, dual coding theory states 
that connections can arise within and between 
each system (i.e. associations). For example, 
you can associate a word like ‘cute’ with other 
words such as cuddly, chubby, or baby and 
can associate the image of a cute baby with 
the smell of baby cream or the wallpaper in a 

nursery. Connections can also arise between 
the two systems (i.e. references). For example, 
the word ‘cute’ can evoke an image of your 
own child and the image of a nursery can evoke 
words such as ‘sleep’ and ‘toy’ (and of course 
‘cute’). 

But dual coding theory goes further. We 
can also see it as a precursor of/basis for both 
cognitive load theory and the cognitive theory 
of multimedia learning of which at least three 
principles are directly related to Paivio’s work. 
Finally, dual coding theory also explains why 
providing concrete things (e.g. examples, 
information, concepts) is important as they 
are easier to process because they’re more 
‘appealing to the imagination’; they evoke 
images more quickly and more easily than 
abstract ones.

Looking at teaching and learning through 
this dual coding lens helps us make the learning 
process more effective, efficient, and even 
enjoyable – and let’s face it, that’s our goal as 
educators and instructional designers!

Paivio, A. (1969). ‘Mental 
imagery in associative 
learning and memory’. 
Psychological Review,  
76, 241-263. 

Paivio, A. (1986).  
Mental representations. 
New York, NY: Oxford 
University Press.
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I had often wondered what I would 
do when I reached retirement age. 
Of course, now, it seems obvious  
— start a new career combining 
my particular set of visual skills 
to support a new generation of 
teachers. What else?

AUTHOR PROFILE
AND THE IMPETUS BEHIND THIS BOOK

Cognitive science boost
Cognitive science in education has shaken 
visual communication out of the doldrums. 
Until recently, visuals were considered 
somewhat dubious, having been associated 
with accelerated learning and misidentified 
with visual learning styles. 

But with the rediscovery of dual coding and 
cognitive load theories, things have changed. 
Especially so since the Learning Scientists 
became active on Twitter. Their global sharing 
of six top learning strategies in poster and 
PowerPoint formats alerted schools and 
colleges to the unique contribution of dual 
coding to teaching repertoires.

And more recently their book Understanding 
How We Learn demonstrated how visual 
explanations not only clarify research findings 
but also attract new readers.

Researchers aren’t practitioners
But being an expert about a field of 
endeavour doesn’t mean you are an expert 
practitioner. It’s the difference between being 
a journalist writing about a game from the 
stands, and being a player on the field. The 
two complement each other but, in essence, 
are fundamentally different. You’ve only to 
open up a cognitive science book to see for 
yourself. 

What graphic experts know
The graphics industry has been familiar with 
both dual coding and cognitive load theories 
for years. It has more than a decade’s head 
start on education. Information design in 
particular has integrated such research 
findings into daily practice. There is much to 
learn from this profession. 

The purpose of this book
My aim is to introduce teachers, developers and 
leaders to the multifaceted aspects of dual coding 
practice. But knowing about the psychology and 
research behind dual coding is only half the story. 
As Ruth Colvin Clark and Chopeta Lyons (2004) 
remind us, the skills of execution can’t be ignored 
— Even the best-planned graphic, if executed poorly 
or laid out hapharzardly, will fail to realise the 
potential of that graphic to enhance learning.
Let’s get learning.Architecture is 

organization. You are 
an organizer, not a 
drawing board stylist.
LE CORBUSIER, 1938

Le Corbusier

AUTHOR PROFILE 

Oliver Caviglioli
@olicav | olicav.com
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Architecture
My Ecole des Beaux Arts trained architect father 
developed my aesthetic and graphic sensibilities 

that sustain me to this day.

Sketchnoting
At a conference, taking real-time notes to tweet 
immediately the speaker sits down at the end of 
their presentation.

Presenting
At one of many researchED events, presenting 
about dual coding or some other aspect of 
cognitive science.

Designing
At my Mac, in my home office, working with 
Adobe Illustrator and Apple Keynote apps.

Researching
At London’s MagCulture, a design shop with 
over 400 magazines — part of my quest to 
magazinify books and documents.

Secondment
One year full-time study at the Cambridge 

Institute of Education ignited my interest in 
research and fuelled my career ever since.

Special Ed.
Decades of working in special schools taught 

me a powerful mix of visual communication and 
behavioural analysis.

VizThink
The 2008 Berlin international conference with 

experts in visual communication helped me see 
what was possible in education.

     
    

    
    

   Tu
rning into
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Oh how I wish researchED had 
been around when I was working 
in schools. But, equally, how glad I 
am now to have the opportunity to 
participate in its events. For this, 
I dedicate the book to these two 
lovely people and their vision.

DEDICATION
TO TWO INSPIRED CREATORS

TOM BENNETT HÉLÈNE GALDIN-O’SHEA

The growth of researchED has shown that teaching has turned a corner — no more 
voodoo lessons and folk teaching. The evidence cat is out of the bag and it isn’t 
going back in again. What an honour, what a thrill, to be present in education 
when this is happening.

DEDICATION & THANKS
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I have been so very lucky to have 
had such a positive response 
to my requests to contribute 
to this book. Working in 
collaboration with such talented 
and committed people has been 
a treat and an honour. 

THANKS
TO ALL THOSE WHO CONTRIBUTED 
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READING ROUTES
CHOOSING HOW TO READ THE BOOK

READ THROUGH

SELF SELECTED
NOVICE
ROUTE

SELF SELECTED
INTERMEDIATE
ROUTE

SELF SELECTED
PROFICIENT
ROUTE

SELF SELECTED
ADVANCED
ROUTE

There are lots of different ways to get the most out of this book. You can take the 
conventional route of reading through the book as a whole and finding the particular 
areas most relevant to your interests. I have also developed some alternative 
routes through the book. If you want to start getting results in a few minutes, have 

a look at the topics recommended in the Novice route. You will find some simple 
instructions that will quickly help you to improve the quality of your visuals. Then, 
once you’re starting to see results, you might like to move on to the more advanced 
routes.

WHY?
Follow the thread from experience, theory, research and 
benefits for a deeper understanding of the reasons why 
adding visuals to your teaching will aid student learning.

Design Guide
Chapter 4: WHICH? page 126
A four-step process that will rapidly improve the look 
and effectiveness of your visual work.

Documents
Chapter 2: WHAT? page 66
Chapter 3: HOW? page 108
Make them more attractive, readable and memorable.

Handwriting
Chapter 4: WHICH? page 131
A clear, modern hand can transform your board work, 
making your visuals sparklingly legible to all.

WalkThrus
Chapter 2: WHAT? page 54
Chapter 3: HOW? page 96
Depict teaching techniques with unprecedented clarity.

Icons 
Chapter 2: WHAT? page 72
Chapter 3: HOW? page 114
Capture facts and ideas in memorably graphic ways.

Drawing
Chapter 2: WHAT? page 70
Chapter 3: HOW? page 112
Lessons from expert, Trevor Flynn, of Drawing At Work.

Posters
Chapter 2: WHAT? page 62
Chapter 3: HOW? page 104
Add graphic order and punch to your posters

Graphic Facilitation
Chapter 2: WHAT? page 74
Chapter 3: HOW? page 116
and effectiveness of your visual work.

WHAT?
A comprehensive survey of the 12 major formats that 
make up what is known by a visual communication 
strategy. Learn what they each have to offer.

HOW?
Discover the steps you can take to start — or improve — 
on all 12 of this large range of visual formats. See your 
competence rapidly develop.
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Slides
Chapter 2: WHAT? page 64
Chapter 3: HOW? page 106
Make slides that are bold, clear and effective.

Pen Craft
Chapter 4: WHICH? page 130
Improve your sketches and line work instantly with these 
simple — yet mostly unknown — tips.

Diagrams
Chapter 2: WHAT? page 52
Chapter 3: HOW? page 94
Work methodically to present clarity and impact.

Displays
Chapter 2: WHAT? page 68
Chapter 3: HOW? page 110
Think billboard and museum, not school and chintz.

Graphic Organisers
Chapter 2: WHAT? page 48
Chapter 3: HOW? page 80
Capture subject knowledge with four types of organiser.

Sketchnotes
Chapter 2: WHAT? page 56
Chapter 3: HOW? page 98
How to order your knowledge into clear structures.

Infographics 
Chapter 2: WHAT? page 58
Chapter 3: HOW? page 102
Communicate information in arresting ways.

Visual Types 
Chapter 4: WHICH? page 134
Extend your skills and knowledge by exploring these 
models used by professional visual communicators.

WHICH?
A summary of take-aways of the major tips and guides 
that you can use try out immediately. The progress you 
make will be apparent to colleagues and students.

WHO?
An unprecedented collection of profiles  — each with a 
double-page spread — of teachers, teacher developers, 
psychologists and  professional information designers.

WHEN?
WalkThrus of when it is most appropriate — and how — to 
incorporate visuals into your teaching. Also included are a 
few management visual strategies to try out.

WHERE?
A categorised list of 
resources to further 
develop your knowledge.

WHAT NEXT? 
The last chapter in the 
book — Where? — is full 
of different avenues to 
pursue if you want to 
continue to learn more 
and develop your skills.

Whether you do or 
not, the next thing is 
to practise, practise, 
practise. And get 
feedback from others  
at school or on Twitter.

Also, study magazine  
and newspaper design. 
Their layouts are there 
to be emulated. 

4 5 6 7

2008

20202012

2016

LONDON

RIO

TOKYO

BEJING
?

27

29

19

2008

20202012

2016

LONDON

RIO

TOKYO

BEJING
?

27

29

19

2008

20202012

2016

LONDON

RIO

TOKYO

BEJING
?

27

29

19

2008

20202012

2016

LONDON

RIO

TOKYO

BEJING
?

27

29

19

2008

20202012

2016

LONDON

RIO

TOKYO

BEJING
?

27

29

19

2008

20202012

2016

LONDON

RIO

TOKYO

BEJING
?

27

29

19

2008

20202012

2016

LONDON

RIO

TOKYO

BEJING
?

27

29

19

2008

20202012

2016

LONDON

RIO

TOKYO

BEJING
?

27

29

19

Dual Coding For Teachers.indd   9 08/07/2019   09:41



10

The recent popularity 
of cognitive science 
has shone a light on 
dual coding. But what 
exactly is it and why 
has it reignited an 
interest in the ways 
visuals can support 
learning?

Chapters

WHY? 10

WHAT? 46

HOW? 78

WHICH? 120

WHO? 138

WHEN? 216

WHERE? 234

1
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EXPERIENCE 
14

Putting yourself in the shoes of 
a learner — and experiencing real 
difficulties — brings particular 
insights research only points to.

Allan Paivio’s theory, consolidated 
by decades of research, has two 
components that explain the 
power of visual explanations.

In particular circumstances, 
visual models are said to be more 
efficient than text in helping 
readers understand the meaning.

THEORY 
SCHEMAS 
18

THEORY 
DUAL CODING 
20

THEORY 
EMBODIED 
COGNITION 
28

RESEARCH 
METASTUDIES 
32

RESEARCH 
INDIVIDUAL 
STUDIES 
36

BENEFITS 
40 

RESEARCH 
BOUNDARY 
CONDITIONS 
34

THEORY 
COGNITIVE 
LOAD 
30

THEORY 
VISUAL 
ARGUMENT  
26

Learning how we create schemas 
in building complex layers of 
connections helps us appreciate 
the significance of visual models.

There is growing evidence that our 
understanding of new content can 
be aided by how we involve our 
bodies in the process.

The implications of the severe 
limits of our working memory are 
many. At the same time, there are 
a number of hacks we can use.

Analysing smaller groups of 
related studies reveal more 
precisely when and where 
particular methods work best. 

Calculating average effect sizes 
from vast numbers of studies, 
may not be very useful. What do 
they say about visual methods? 

This is a conscious cherry-picking 
of studies that tells us a number of 
things about how and why visuals 
work in which places.

A couple of cognitive scientists 
summarise the significance of 
research in listing the benefits of 
adding visuals to your teaching.
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INTRODUCTION

Translating a network of links into a 
sequence is tricky. Nonetheless, here 
is my line of argument for this chapter, 
with its content in this order.

Experience
Often devalued as mere anecdote or, worse 
still, unconscious bias, personal experience can 
still be a valuable source of information.

In the following pages, you will be invited to 
take part in an exercise that might well upset 
some of your previous views about the best 
way to communicate information.

Theory
While dual coding theory is in the title of the 
book, it is not the sole theory that explains  
the power of using a combination of words  
and images.

The theories that follow are intricately related. 
I have unmeshed their radial links to present one 
particular line of reasoning that reveals a fuller 
picture why visuals can work so well.

To maximise your insights 
from your experience, it’s best 
to next turn to theories to 
analyse what was going on.

Schema theory helps to 
explain the significance 
of the use of the 
visuospatial structure 
of diagrams in…

The spatial structure of 
visual information and 
its cognitive advantage 
is developed in…

The Visual Argument 
asserts diagrams can 
have a computational
efficency which can 
partly be explained by…

Large metastudies 
have fallen from favour 
these past few years 
with teachers wanting 
more precision as 
expressed in…

Boundary Conditions 
educate us in being able 
to identify where 
strategies work best, 
and, so, help us 
evaluate the value of… 

These selected studies 
represent the broad 
range of questions 
asked about how visuals 
influence effective 
learning.

What does all this research 
say about the way visuals 
align with and support the 
learning process?

Embodied Cognition 
adds to a growing 
number of theories that 
newly advance the 
practical application of…

Cognitive Load Theory’s 
Modality Effect has 
links to other of its 
Effects, and references 
to other theories.

EXPERIENCE THEORY RESEARCH BENEFITS

SCHEMA VISUAL
ARGUMENT

EMBODIED
COGNITION

COGNITIVE
LOAD

INDIVIDUAL
STUDIES

DUAL
CODING

META
STUDIES

BOUNDARY
CONDITIONS

DIRECT 
ATTENTION

TRIGGER
PRIOR

KNOWLEDGE

MANAGE 
COGNITIVE 

LOAD

BUILD
SCHEMA

TRANSFER
TO WORKING

MEMORY
MOTIVATE
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Research
Interest in and reliance on huge metastudies 
has declined in favour of more precise analyses 
of where specific strategies have worked best.

Boundary conditions give teachers far more 
information about the conditions in which 
particular approaches work. This enables them 
to make informed decisions about the best fit 
for their own classroom contexts.

Benefits
Clark and Lyons (2004) have worked with 
several cognitive scientists researching dual 
coding. Their survey of the research behind the 
inclusion of visuals in the teaching process, 
concluded that there were six significant 
benefits to students’ learning that were 
consistent with the theoretical assertions 
about human cognitive architecture.

To maximise your insights 
from your experience, it’s best 
to next turn to theories to 
analyse what was going on.

Schema theory helps to 
explain the significance 
of the use of the 
visuospatial structure 
of diagrams in…

The spatial structure of 
visual information and 
its cognitive advantage 
is developed in…

The Visual Argument 
asserts diagrams can 
have a computational
efficency which can 
partly be explained by…

Large metastudies 
have fallen from favour 
these past few years 
with teachers wanting 
more precision as 
expressed in…

Boundary Conditions 
educate us in being able 
to identify where 
strategies work best, 
and, so, help us 
evaluate the value of… 

These selected studies 
represent the broad 
range of questions 
asked about how visuals 
influence effective 
learning.

What does all this research 
say about the way visuals 
align with and support the 
learning process?

Embodied Cognition 
adds to a growing 
number of theories that 
newly advance the 
practical application of…

Cognitive Load Theory’s 
Modality Effect has 
links to other of its 
Effects, and references 
to other theories.
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The Visual Argument 
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with teachers wanting 
more precision as 
expressed in…

Boundary Conditions 
educate us in being able 
to identify where 
strategies work best, 
and, so, help us 
evaluate the value of… 

These selected studies 
represent the broad 
range of questions 
asked about how visuals 
influence effective 
learning.

What does all this research 
say about the way visuals 
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learning process?

Embodied Cognition 
adds to a growing 
number of theories that 
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However compelling, 
theories need testing. 
How do they stand 
up?

CHAPTER 1   WHY?   |   WHAT?   |   HOW?   |   WHICH?   |   WHO?   |   WHEN?   |   WHERE?
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EXPERIENCE

Mostly discounted as mere anecdote, 
experience can potentially change 
our perspective and trigger further 
theoretical explanations.

Adding to research
It’s been a struggle to even start to make 
teaching an evidence-based profession. There’s 
been some push back to the dominant role of 
research in debates, as well as the lingering 
existence of learning myths to contend with.

For these reasons, I’ve put together — in a 
particular sequence — factors that I think are 
natural reference points in classroom teachers’  
thinking. 

I start with experience as I want to unsettle 
how you might frame the question of dual 
coding. The activity I invite you to undertake 

should prompt you to ask questions about the 
nature of visual communication and its role 
in depicting knowledge. These conjectures 
will be answered from several points of view 
in the following section on psychological 
theories. Dual coding theory, you will discover, 
is intertwined with several other, later, theories 
in quite fascinating ways.

As interesting as such theoretical 
conjectures may be, we have to evaluate their 
validity by looking at the research evidence 
behind them. That, we are beginning to realise, 
is not quite so straightforward. 

For this reason, in the section on research, 
I lay out my own approach by contrasting the 
somewhat overblown meta-metastudies, 
with smaller scale research syntheses that 
spell out the boundary conditions of a range 
of strategies. This technical-sounding phrase 
is potentially the simplest way of helping 
teachers find the best fit of strategy to their 
very particular classroom contexts. With 
this perspective in mind, we look at the 
studies over the decades that have validated 
the effectiveness of visuals in the learning 
process.

Professional 
experience is an 
important source  
of evidence.
JONES, 2019

Gary Jones
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Training day activities
Granted, we’ve all been through excruciatingly 
embarrassing activities in the name of active 
learning during training events. Worse than the 
discomfort was the waste of valuable time. 

Insights from experience
Yet, despite our personal predicaments, there 
are potential insights to be gained from 
personal experiences that can sometimes 
trigger a change in daily practice. Such 
epiphanies are mostly the outcome of being 
put into the place of a learner.

For a profession constantly battling against 
the curse of knowledge — where we forget 
what it’s like to be a novice — being put into 
the place of a learner can be very productive. 

Being a novice
In the same way that being an expert is always  
context–dependent, so being a novice is 
similarly determined. It’s a short route from 
finding yourself an expert in one domain and a 
novice in another. 

Your challenge
The following activity gives you the chance to 
read a short passage of text, as a novice. You 
know nothing about the topic and yet you will 
be asked three questions on it.

On the right, in the red box, is a short 
paragraph explaining the relationships in 
a school project — Modern Europe. Read it 
through and answer the three questions below. 
To get the most from the activity, try to be 
metacognitive about your experience.

Experience, in 
its fundamental 
sense… modifies us 
profoundly in a way 
that after having 
crossed, endured, 
travelled it, we will 
never be the same 
again.
ROMANO, 1998

Claude Romano

Modern Europe Project
Jenny is head of the Humanities 
faculty. Fatima is the head of the 
History department. Tom, Joe 
and Sue work for Fatima. Harry 
is the head of the Geography 
department. Jo, Chaz and Tania 
report to Harry. Sue, Jo, Chaz and 
Harry are working together on 
the joint Modern Europe Project.

Who is the highest ranking 
person on the Modern Europe 
Project?

Which department has the most 
people on the Modern Europe 
project?

Which people are not involved 
with the Modern Europe project?
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Modern 
Europe 
Project

Questions
Who is the highest 
ranking person on 
the Modern Europe 
Project?

Which department 
has the most people 
on the Modern 
Europe project?

Which people are 
not involved with 
the Modern Europe 
project?

ADAPTED FROM DON 
MOYER’S LASAGNA PROJECT 
ACTIVITY (2010)

Head of Humanities

M O D E R N  
E U R O P E  
P R O J EC T

Jenny

Tom Joe Tania

Fatima

Sue Chaz

Harry

Jo

History department Geography department

CHAPTER 1   WHY?   |   EXPERIENCE   |   THEORY   |   RESEARCH   |   BENEFITS

Dual Coding For Teachers.indd   16 08/07/2019   09:41



17

Your experience
How did you do? Did you have to cheat and 
peek at the diagram on this page? When I 
use this exercise in training events, the vast 
majority of teachers struggle. 

Sure, the content is artificially dense, to 
make  the point. But, nonetheless, the syntax is 
hardly complex.

The hidden schema
Behind the drama and surprise of this test is 
the hidden schema that lies in the author’s 
head and shapes the text that is written. In 
fact, no such text could ever be constructed 

without the knowledge that makes up the 
schema.

But for you — the student — you were 
presented with the product of the schema and 
not the schema itself. Your job was to unravel 
the text to discover this hidden schema. 

Such mental effort no doubt tested 
the limits of your cognitive load. Yet when 
presented with the diagram — a visual 
model of the schema — the answers seemed 
immediately self-evident. This phenomenon 
is called the Visual Argument. We shall learn 
about it soon.

The transient information effect
Might there have been a different result if 
someone — the teacher — had read out the 
text? Yes, it would have been even more 
difficult to answer the questions.

 In terms of John Sweller’s cognitive load 
theory, you would have been subject to what 
is termed the transient information effect. 
In short, the teacher’s words would have 
disappeared, so you would have been forced 
to try to remember all of the teacher’s words, 
resulting in a flooding of your working memory. 
Overload writ large.

Always look for 
the easiest path to 
learning challenging 
material, not the 
hardest.
ALLISON & THARBY, 2015

Shaun Allison
& Andy Tharby

Head of Humanities
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SCHEMAS

Mulitiple definitions of schema and 
their too general nature pretty much 
put paid to its research in the 1980s. 
Neuroscience has reginited interest.

What are schemas?
Schemas are generalisations — higher-order 
constructs that are developed by identifying 
similarities and differences across episodes. 
They help us avoid being overwhelmed by the 
uniqueness of life. In that sense they offer our 
potentially over-worked minds, short cuts. This 
applies to forming generalisations about our 
everyday life (episodic schemas) and academic 
content (semantic schemas). Both are thought 
to develop by uniting individual elements into 
chunks, which are then, in turn, united to form a 
multifaceted chunk we call a schema.

Efrat Furst’s 
depiction 
of schema 
structure, 2018

David Didau’s 
depiction 
of schema 
structure, 2018

Piaget put schemas into the centre of his work on developmental 
psychology. His use of the term referred to a general cognitive 
structure, linking multiple representations of phenomena.

Sir Frederick made the link between schema and memory 
structures for the first time. He found that memory was hardly ever 
represented but, rather, reconstituted on each retrieval.

Very influenced by Bartlett’s work, Piaget forged the notion that 
schemas were adaptable, introducing the processes of assimilation 
and accommodation.

With the growth of work on semantic networks, Tulving added an 
important distinction. Long-term memory, he asserted, was either 
episodic (autobiographical) or semantic (knowledge/meaning).

With his colleague Robert Ableson, Schank introduced the specific 
schemas of scripts. These explicit sequences of events — in 
particular contexts —enable you to know what to do next.

The packets that 
organise information 
and make sense of 
our experience are 
schemas, the building 
blocks of cognition.
GOLEMAN, 1985

Daniel Goleman

Jean 
Piaget

Frederick
Bartlett

Jean 
Piaget

Endel 
Tulving

Roger
Schank
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1984

1984 1984
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Schemas and education
Anderson applied schema theory to teaching 
practice — explaining reading comprehension 
by highlighting its six functions that assist by:

Schemas and learning
This past decade’s tardy, but welcome, 
discovery of cognitive science has highlighted 
the central role of working memory in the 
learning process, especially when encountering 
new, unfamiliar information.

In this context — with the search to 
understand how better to deal with the 
limitations of working memory — attention 
has moved to the role of long-term memory. 
In turn, schemas were encountered. Once a 
key word in an earlier generation of teachers’ 
lexicon, it has re-emerged as a central plank of 
pedagogical design.

I see its rediscovery as a common 
denominator between the current division of 
self-termed traditionalists and progressive 
approaches. 

Scaffolding for the integration of new 
information.

Allocating of attention.

Inferential elaboration.

Systematically searching memory.

Editing and summarising new information.

Reconstructing missing information from 
memory.

1

2

3

4

5

6

Richard
Anderson

The past acts as 
an organized mass 
rather than as a group 
of elements each 
of which retains its 
specific character.
BARTLETT, 1932

Frederick Bartlett

Bower et al’s 
conceptual 
hierarchy, 1969

Collins & 
Quillian’s 
hierarchical 
network, 1969

Schema in a nutshell
Essential features of  
schemas are:

  An associative network structure
  Based on multiple episodes
  Lack of unit detail
  Adaptability

These features are themselves affected by:
  Chronological relationships
  Hierarchical organization
  Cross connectivity
  Embedded response options

V. GHOSH & A. GILBOA, 2013  
WHAT IS A MEMORY SCHEMA?  
A HISTORICAL PERSPECTIVE ON CURRENT 
NEUROSCIENCE LITERATURE

1984

1984 1984

1984
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DUAL CODING

This double-page spread is written by Paul Kirschner

PAUL KIRSCHNER

When accompanying text with images, a 
learner learns better. However, this only 
works when they are combined properly!

Paul A. Kirschner was Distinguished University 
Professor at the Open University of the 
Netherlands and Visiting Professor of Education 
at the University of Oulu, Finland. He is an 
internationally recognized expert in the fields of 
educational psychology and instructional design. 
He is past President of the International Society 
for the Learning Sciences.

Combining words and images
Combining words and images effectively 
facilitates learning; their impact is additive. 
This insight is the result of the dual coding 
theory (Paivio, 1971), which assumes that we 
have two specific yet connected cognitive 
subsystems. This theory explains human 
behaviour and experience in terms of dynamic 
associative processes that operate on a 
rich network of verbal and non-verbal (or 
imagery) representations in subsystems in 
our brains, each specific to a certain modality. 
One subsystem is specialized in representing 
and processing non-verbal objects/events 
(i.e. imagery), and the other in dealing with 
language (i.e. words). To put it simply, the 
theory discusses how we process verbal and 
visual information in our brains. 

Paivio illustrated this in the following way:

Working memory capacity
According to dual coding theory, if the same information is properly 
offered to you in two different ways, it enables you to access more 
working memory capacity. This means that you can benefit from access 
to both visual and verbal memory capacity. It’s known as the working 
memory model from Baddeley and Hitch.
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Working memory capacity
In addition, you not only boost the information 
traces in your long-term memory (as two 
connected traces are stronger than one single 
trace) — it also allows you to remember or 
recognise the information in two different 
ways. In order to achieve this effect, you need to 
actually use both types of processes (i.e. verbal 
and visual). In other words: you need to use 
your double-barrelled shotgun effectively. By 

Fluid systems Crystallised systems

combining an image with a complementary word 
(written or — preferably — spoken), you’re using 
both capacities effectively as you’re using both a 
verbal/semantic process (i.e. you’re deciphering 
spoken/written words) and an iconic process 
(i.e. you’re deciphering images). In other words, 
you need to make use of the two working 
memory ‘compartments’: one for each process. 
They can partly complement each other and that 
way result in more processing  capacity. 

REVISED MODEL (REVISION OF THE ORIGINAL MODEL INCLUDING THE DISTINCTION 
BETWEEN WM (SERIES OF FLUID SYSTEMS THAT REQUIRE ONLY TEMPORARY ACTIVATION, 
AND LTM), AND MORE PERMANENT CRYSTALLIZED SKILLS AND KNOWLEDGE.)

Note: The analogy ‘double-barrelled’ doesn’t mean that you actually 
double your working memory from 4±1 to 8±2!

Central
Executive

Central
Executive

Visuospatial
Sketchpad
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Visuospatial
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Visual
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Two streams of information
There are two information channels that feed 
our working memory — the visual and verbal. 
According to Paivio, the verbal stores logogens 
and the non-verbal (i.e. the visual) imagens. 
Baddeley and Hitch’s memory model gives us 
the stronger metaphors of the visuospatial 
sketchpad and the auditory loop.

Separate yet connected
While the two channels are separate and 
independent of each other, there is a  
mechanism that ensures they can work in 
tandem. This tethering of visual and verbal 
does not involve any transfer of information 
from one to the other. Instead one channel 
triggers a connection with the other.

1 2
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Two different structures
The two channels differ in another, significant 
way. Verbal information must be processed 
sequentially, with all the constraints and 
effort that entails. Visual information, by 
contrast, is organised synchronously — which 
means details, their links and the big picture 
can be perceived simultaneously.

The memory cycle
The content of our working memory can move 
to our long-term memory. We call this process 
encoding. When visual and verbal information 
is strongly connected, we have dual coding. 
This double memory trace greatly aids its later 
retrieval from long-term memory back into 
working memory.

3 4
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Allan Paivio

Information in higher–order nonverbal 
units is synchronously organized 
(permitting parallel processing up to 
some informational limit), whereas 
verbal components are sequentially 
organized (implying sequential 
constraints on intraunit processing)…
The functional assumptions rest 
entirely on empirical evidence… that the 
distinction can be included in the theory 
with considerable confidence…
PAIVIO, 1990

Systems and structures
Connecting visual and verbal stimuli, and 
doubling their memory trace, as Paul Kirschner 
described it, is an enormous aid to learning 
and its retrieval. But it is not the only one that 
comes out of Paivio’s work.

When looking beyond this pairing of 
systems, we discover that Paivio was also 
comparing the two structures in which they 
are represented. This can have an equal, if not 
more powerful, impact on the learning process.

Verbal information is sequentially arranged. 
The syntax that joins ideas in words is, by 
definition, addressed in an accumulative, 
one-at-a-time way. Visual information, by 
contrast, is presented in a non-linear way. And, 
as a result, Paivio explains, offers itself to the 
viewer simultaneously — all in one go.
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Two different structures — two different ways of processing information

Its history
In the late 1940s, two behaviourist psychologists, 

Hull and Tolman, had a public debate about rats 

learning in maze experiments. Do rats remember 

individual turns, or do they create cognitive maps of 

the whole maze? More on this later, in the section on 

Embodied Cognition.

Earlier philosophical debates in the 18th century  

between Bishop Berkeley and James Mill 

pivoted around this similar distinction between 

simultaneous and successive order in the 

interrelationship of ideas. Simultaneity, they argued, 

offered multiple ideas at the same time, contrasted 

with the constraints of a sequential order. Two 

hundred years later, philosopher Bertrand Russell 

argued the same point in explaining the benefits of 

diagrams.
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An extension of dual coding theory, the 
Visual Argument highlights the cognitive 
advantages of presenting information in 
non-linear, spatial configurations.

Two aspects of dual coding
Most of the attention on dual coding theory 
is the verbal–visual associations that enrich 
encoding and strengthen retrieval. Several 
decades of research have repeatedly validated 
Paivio’s work in this area. 

But that’s only half the story. Aside from 
the storage strength, Paivio points out that 
the two different structures of verbal and 
visual information have a significant effect on 
our ability to create meaning from them. This 
aspect has subsequently been developed into 
what is now known as the Visual Argument.

Simple versus complex tasks
Research into dual coding theory has focused on 
simple encoding and retrieval tasks. Important 
but, perhaps, not as educationally significant as 
we think.

The more complex task of understanding 
elaborate information more closely resembles 
the challenges of the classroom. It was in this 
area that researchers focused when developing 
their ideas about the Visual Argument. In 
particular, they tried to find out the mental 
effort involved in creating meaning from texts 
and images. This cognitive effort they calibrated 
as determining the computational efficiency 
for each mode. Their conclusion was that visual 
information — for a number of reasons — is 
more computationally efficient. 

Why a diagram is (sometimes) worth 
ten thousand words
This 1987 — still highly relevant —paper by 
Jill Larkin and Herbert Simon states:

 

Diagrammatic representations also 
typically display information that is only 
implicit in sentential representations 
and that therefore has to be computed, 
sometimes at great cost, to make use of it.

Most important, however, are differences 
in the efficiency of search for information 
and in the explicitness of information.

The two systems are not computationally 
equivalent.
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VISUAL ARGUMENT

The verbal system 
generates sequential 
structures and 
the nonverbal 
system generates 
synchronous 
(including spatial) 
structures.
PAIVIO, 1990

Allan Paivio
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Modern Europe Project
Jenny is head of the Humanities faculty. Fatima is the head of the 
History department. Tom, Joe and Sue work for Fatima. Harry is the 
head of the Geography department. Jo, Chaz and Tania report to Harry. 
Sue, Jo, Chaz and Harry are working together on the joint Modern 
Europe Project.

Who is the highest ranking person on the Modern Europe Project?
Which department has the most people on the Modern Europe project?
Which people are not involved with the Modern Europe project?

Computational efficiency
There are three factors that determine 
computational efficiency when reading either 
text or images — search, recognition and 
inference. Rather than examine these three 
factors in the abstract, I’m inviting you to 
reflect on your experience of finding answers to 
the three questions I posed a few pages back 
regarding the Modern Europe Project, which 
you can refer to above.
Search
When reading the text describing the project, did 
you find it challenging, despite the sentences being 
short, grammatically simple and few in number? 
Did you have to go back and forth in order to find 
the relevant connections? And did that search take 
a surprising amount of mental effort?  

Recognition
Ease of recognition is affected by the degree to which the information 
in the text is explicit. As you read the text above, you had to forge the 
meaning that lay between the words. The questions posed refer to 
information in the text that is only implicit. Nothing seemed clear.
Inference
Here is where text really becomes difficult — even though the content itself 
is not complex or challenging. On reading the text, you are not told how many 
teachers in the Humanities department are not in the project. You have to 
work it out by reading and reading the text and then make a calculation.

By contrast, the answers appear self-evident and immediate when 
reading the diagram. The content is not complex, but the text was.

Implications for working memory
Perhaps the best lesson to be drawn from this activity is elegantly 
captured in the words of practising teachers Shaun Allison and Andy 
Tharby. Don’t waste students’ precious cognitive resources — use them 
on activities that count, that directly build their knowledge. 

Which of the two 
formats is more 
computationally 
efficient? 
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Diagrams provide 
‘computational 
advantage’ compared 
to text because they 
support information 
search and enable 
viewers to extract 
information by 
relying on automatic, 
perceptual processes.
VEKIRI, 20O2

Always look for 
the easiest path to 
learning challenging 
material, not the 
hardest.
ALLISON & THARBY, 2015

Ioanna Vekiri

Shaun Allison
& Andy Tharby
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EMBODIED
COGNITION
Cognition is no longer thought of 
as happening only in our minds in a 
disembodied way. Our bodies give us 
information — and from it, concepts.

Search for reasons
While there’s been decades of research on the 
effectiveness of visual communication, finding 
reasons why this is so has lagged behind. So, 
along with dual coding and cognitive load 
theories, and the Visual Argument, embodied 
cognition gives us insights that have relevance 
to our classrooms.

It was two cognitive linguists who triggered 
this line of research. Lakoff and Johnson 
discovered that — globally — humans use  
concrete, bodily-based metaphors to build and 
express abstract concepts. 

Spatial metaphors
Among the various types of metaphors they 
identified, orientational metaphors were one of 
the most prevalent in everyday use. We think 
of being happy as up, and sad as down, just as 
health is up and sickness down, high status up 
and low status down. There’s almost no end of 
applications of the up/down metaphor. There 
are plenty of other such bodily-based spatial 
metaphors.

And that’s the point Lakoff and Johnson 
make — we know the world primarily through 
our bodies. While being bodily active is not 
essential for thinking to take place, many of 
our frameworks for thinking are closely related. 
This is why the non-linear, spatial structure 
of visual information is so significant in 
understanding its effectiveness.

Location, location, location
Elements in a diagram, or indeed any other 
visual format, are arranged by location. 
Our perception of them is automatic, as is 
our meaning making. Gestalt principles of 
perception have captured this phenomenon 
since the 1940s. They’re still relevant — very 
relevant in the context of the physicalness of 
visual displays for communicating. 

Our lifetime of encountering objects in the 
world builds an automatic perceptual response 
to understanding well-formed diagrams. We 
instantly recognise that items that are very 
close together, in some way, resemble each 
other and, as a consequence, are in some sort 
of knowledge category. Psychologists have 
called this aspect the perceptual enhancement 
that is triggered by non-linear combinations.
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spatialization 
metaphors.
LAKOFF & JOHNSON, 1980

George Lakoff
& Mark Johnson
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Matrices and the visual timetable
Let‘s examine location and perceptual enhancement in a timetable.
It is common practice to supply students with SEND a visual timetable 
to better anticipate and accept changes to their day. With the matrix 
timetable we process so much more information in so much easier a 
fashion. Locating the swimming activity tells you the day and the time. It 
also tells you what comes before and after it, as well as what was on the 
day before and after at the same time.

That means, at a 
glance, with very little 
effort, four pieces 
of information are 
immediately known. 
Think how complex 
a verbal description 
would have been.

The brain maps out ideas and memories like spaces
Yes, according to science journalist Jordana Cepelewicz (2019), there’s 

a strong neuroscientific case for this assertion. 
Linking studies on Alzheimer patients and rats 
and mice in maze experiments, neuroscientists 
discovered the workings of the hippocampus and 
its neighbour, the entorhinal cortex. 

It seems the hippocampus has a locational function, telling us 
where we are and remembering where we’ve been. This explains 
why people suffering the damage of their Alzheimer condition lose 
their way and sense of direction. But, more remarkably, the nearby 
entorhinal cortex has been found to have specialised neurons that 
trace our pathways, creating cognitive maps. These neurons are made 
up of hexagons, each with six triangles, whose sensitive points plot 
our travel. A similar system is thought to help us navigate the mental 
spaces of abstract knowledge and memories.
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Extensive linguistic 
evidence across 
languages shows 
that people talk 
ubiquitously about 
abstract concepts 
using concrete 
metaphors.
BARSALOU, 2008

Lawrence Barsalou
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COGNITIVE LOAD
THEORY
Dual coding has many ties to cognitive 
load theory. Indeed, it owes its recent 
rediscovery, in large part, to the focus on 
our working memory limitations.

Charting cognitive load effects
In their 2011 book, Sweller and colleagues 
identified 11 cognitive load effects. Here are the 
three most significant to dual coding.

Working memory limitations
George Miller’s famous 1956 paper, The Magic 
Number Seven, Plus Or Minus Two, established 
for decades the benchmark for working memory 
capacity. The exact number of such chunks, as 
Miller called them, varied: seven for digits, six 
for letters, and five for words. 

Nearly 50 years later Cowan and colleagues 
(2001), found the measure for capacity to be 
nearer four (plus or minus one), but smaller still 
for young children. 

Now, instead of Miller’s chunks, the 
allotment of storage is often referred to as 
slots. This metaphor helps remind you of your 
student’s working memory capacity. In a busy 
classroom, with much to consider, such an 
image is simple and striking. But, of course, it 
should not be taken literally. Models simplify 
the world in order to help us take effective 
action. They’re useful mental tools.
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load between auditory and visual channels.

Placing text explanations away from the 
diagram it is referring to wastes mental 
effort switching from one to the other.

The spoken word disappears which forces 
the listener to keep in mind an increasingly 
large volume of auditory information. 

Within a cognitive 
load framework, the 
modality effect is 
explained by a more 
efficient use of the 
available cognitive 
resource.
SWELLER et al, 2011

John Sweller
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Embodied cognition
The inclusion of embodied cognition theory in 
this network of related theories might have 
raised a few eyebrows — until very recently.

Because in their review of cognitive 
load theory over the past 20 years, Sweller 
and colleagues (2019) describe the making 
of gestures as being a form of cognitive 
offloading. Body movements, it now appears, 
add richness to the encoding process — and 
yet do not add to the cognitive load in any 
significant way. 

In the review, they illuminate the 
phenomenon with this example: 

With regard to tracing, Hu et al (2015) showed 
that students who traced angle relationships with 
their index finger when studying paper-based 
worked examples in geometry showed higher 
learning outcomes than students who only 
studied the examples.
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When possible, provide a diagram with 
spoken explanation as this will share the 
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Placing text explanations away from the 
diagram it is referring to wastes mental 
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The spoken word disappears which forces 
the listener to keep in mind an increasingly 
large volume of auditory information. 

Research supporting 
the embodied 
cognition view shows 
that observing or 
making gestures 
leads to richer 
encoding and 
therefore richer 
cognitive 
representations.
SWELLER et al, 2019

John Sweller
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Once ignored in the UK, syntheses of 
metastudies later became the go-to 
references. Then we started to doubt  
the value of these hyper–averages.

Marzano’s 2001’s blockbuster
Marzano’s book Classroom Instruction That 
Works (2001) may have sold half a million 
copies in the US by the time it was launched in 
the UK, but its reception was largely ignored. 
A great shame.

It was a breakthrough book, linking theory, 
evidence and practical classroom strategies. 
In terms of dual coding strategies, these 
were grouped under the term non-linguistic 
representations. Accurate, if a little clumsy. 

Within this category came 
• graphic organisers 
• making physical models 
• generating mental pictures
• drawing pictures and pictographs
• engaging in kinesthetic activity. 
Lest some of those terms trigger scorn, I 
remind you that cognitive scientists Logan 
Fiorella and Richard Mayer (2015) include 
equivalents in their collection of effective 
cognitive strategies — mapping, drawing, 
imagining and enacting.

There is yet another non-linguistic strategy 
but it was placed in a different category. 
Advance organisers — popularised by that 
generation’s outstanding psychologist, David 
Ausubel (1960) — are graphic organisers by 
any other name. Constructed by teachers and 
used at the start of a period of study, their 
explicit visual knowledge structure give all 
students access to the overarching concepts 
before engaging in the subsequent details. The 
packaged gist. 

Identifying similarities 
and difference

Summarizing and 
note-taking

Reinforcing effort and 
providing recognition

Homework and practice

Nonlinguistic 
representations

Cooperative learning

Setting objectives and 
providing feedback

Generating and testing 
hypotheses

Marzano’s list

Questions, cues, 
and advance organizers

1.61

1.00

0.80

0.77

0.75

1.61

0.61

0.59

1.61

AVERAGE EFFECT SIZE 

1
Providing formative
assessment

Hattie’s list

0.90

AVERAGE EFFECT SIZE 

1

2 Feedback 0.732

3
Spaced v massed 
practice 0.713

Metacognitive 
strategies

0.694

Self verbalisation/
self questioning

0.645

Study skills 0.596

Mastery learning 0.587

Concept mapping 0.578

Worked examples 0.579

4

5

6

7

8

9

Quality of teaching d =0.44

0.4
Medium

High
Low

Negative

1.2–0.2

Hattie’s barometer of influence

Zone of 
desired effects

Teacher 
effects

Developmental 
effects

Reverse
effects

Identifying similarities 
and difference

Summarizing and 
note-taking

Reinforcing effort and 
providing recognition

Homework and practice

Nonlinguistic 
representations

Cooperative learning

Setting objectives and 
providing feedback

Generating and testing 
hypotheses

Marzano’s list

Questions, cues, 
and advance organizers

1.61

1.00

0.80

0.77

0.75

1.61

0.61

0.59

1.61

AVERAGE EFFECT SIZE 

1
Providing formative
assessment

Hattie’s list

0.90

AVERAGE EFFECT SIZE 

1

2 Feedback 0.732

3
Spaced v massed 
practice 0.713

Metacognitive 
strategies

0.694

Self verbalisation/
self questioning

0.645

Study skills 0.596

Mastery learning 0.587

Concept mapping 0.578

Worked examples 0.579

4

5

6

7

8

9

Quality of teaching d =0.44

0.4
Medium

High
Low

Negative

1.2–0.2

Hattie’s barometer of influence

Zone of 
desired effects

Teacher 
effects

Developmental 
effects

Reverse
effects

Identifying similarities 
and difference

Summarizing and 
note-taking

Reinforcing effort and 
providing recognition

Homework and practice

Nonlinguistic 
representations

Cooperative learning

Setting objectives and 
providing feedback

Generating and testing 
hypotheses

Marzano’s list

Questions, cues, 
and advance organizers

1.61

1.00

0.80

0.77

0.75

1.61

0.61

0.59

1.61

AVERAGE EFFECT SIZE 

1
Providing formative
assessment

Hattie’s list

0.90

AVERAGE EFFECT SIZE 

1

2 Feedback 0.732

3
Spaced v massed 
practice 0.713

Metacognitive 
strategies

0.694

Self verbalisation/
self questioning

0.645

Study skills 0.596

Mastery learning 0.587

Concept mapping 0.578

Worked examples 0.579

4

5

6

7

8

9

Quality of teaching d =0.44

0.4
Medium

High
Low

Negative

1.2–0.2

Hattie’s barometer of influence

Zone of 
desired effects

Teacher 
effects

Developmental 
effects

Reverse
effects

METASTUDIES

Probably the 
most underused 
instructional 
strategy of all those 
reviewed in this 
book — creating 
non-linguistic 
representations 
— helps students 
understand content 
in a whole new way.
MARZANO et al, 2001

Robert Marzano
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Quantity wins the day
John Hattie’s mammoth syntheses of already 
large metastudies made a significant impact in 
the UK. So large was his presence, he started to 
adopt, what seemed to be, a prophet–like tone 
to his language — “Know thy impact!”

Criticisms of his statistics apart, I’ll 
concentrate on his work on visual teaching 
strategies. It starts in trouble with the cavalier 
decision to lump all such approaches under 
the term concept mapping, despite the fact 
that this term had an established, specific 
meaning for four decades previously. Hattie 

even had its originator, Joseph Novak (1977), in 
his bibliography, so his decision to change this 
term’s accepted meaning is confusing at best.

The lack of detail about which specific 
graphic organisers were studied makes his 
analysis particularly weak and of not much use. 

Compared to Ioanna Vekiri’s (2002) 
earlier superb summary of research on visual 
displays for learning, Hattie’s contribution to 
understanding the application of dual coding in 
classrooms is a meagre one-and-a-half pages 
in a 300-plus tome. Disappointing.
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The effects of 
concept mapping 
were higher than 
for studying text 
passages, lists and 
outlines.
HATTIE, 2009

John Hattie
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The promise of research evidence
Making research evidence more widely available 
to teachers was never going to be a fully 
satisfactory situation. We easily fall into the trap 
of thinking that more choice is better than less. 
But evidence tells us otherwise (Iyengar, 2010). 

Teachers need help in navigating and 
selecting the most effective and appropriate 
strategies for their students. They want 
researchers to make research information more 
consumer designed, ready for their individual 
choice. 

Tools to choose 
Teachers understand their contexts very well. 
What they don’t know is whether certain 
strategies are best suited for them. It’s all 
very well declaring that all strategies work 
somewhere but not everywhere (Wiliam, 2019) 
but that leaves teachers too much trial and 
error in filling in the gaps.

Boundary conditions are exactly what 
teachers need. They are painstakingly 
identified by researchers and provide teachers 
with a new and powerful way of informing 
choices. It’s no surprise, then, that Fiorella and 
Mayer (2015) say their book is a “much more 
focused, concise, and coherent in its review of 
what works in improving student learning with 
learning strategies” (p.xi).

Boundary conditions in detail
When identifying the conditions in which 
certain strategies work best, the authors  
naturally cover the differences age and prior 
knowledge make.

Other contextual factors include:
•  the frequency of its use (summarisation may 

work best when used infrequently)
•  the nature of the content being studied 

(concepts rather than procedures for self-
explaining)

•  the degree to which students are reflective 
(learning by teaching works better in those 
with a bias towards explaining to others)

•  the degree of prior knowledge (manipulating 
objects — active learning — works best with 
those with more prior knowledge, not less). 

In each chapter, 
we…  summarize the 
boundary conditions 
under which the 
strategy is most 
effective…
FIORELLA & MAYER, 2015

Logan Fiorella &
Richard E Mayer

Specifying where and how strategies 
work best with which students is a 
breakthrough for the utility of research 
and a real boon to busy teachers.

BOUNDARY  
CONDITIONS

Boundary
Conditions

EvidenceTheory

Mapping

Drawing

Imagining

Asking learners to create spatial maps 
showing key concepts and relations among 
them encourages learners to identify key 
words in the text for nodes (i.e. engage in 
the cognitive process of selecting) and 
spatially arrange the words in their map 
(i.e. engage in the cognitive process of 
organizing).

The mapping effect is upheld in twenty-three 
out of twenty-five tests involving concept 
maps, yielding a median effect size of 
d = 0.62, five out of six tests involving 
knowledge maps yielding a median effect 
size of d = 0.43, and eight out of eight tests 
involving matrix graphic organizers yielding a 
median effect size of d = 1.07

The mapping effect is strongest when 
learners are low in experience or ability 
(d = 0.45 based on four comparisons) 
rather than high (d = –0.08 based on four 
comparisons). Younger learners may benefit 
from guidance during learning such as 
providing partially completed maps.

Asking learners to create drawings is 
intended to encourage them to identify key 
components in the text (i.e. engage in the 
cognitive process of selecting), spatially 
arrange the components (i.e. engage in the 
cognitive process of organizing), and relate 
them to prior knowledge …(i.e. engaging in 
the cognitive process of integrating). 

The self-generated drawing effect is upheld 
in twenty-six of twenty-eight tests, yielding 
a median effect size of d = 0.40. 

The self-generated drawing effect may be 
strongest when learners receive explicit 
instruction in what to draw, when 
extraneous cognitive load is reduced by 
providing partially drawn illustrations, or 
when learners receive more support such as 
comparing one’s self-generated drawing 
with an author-provided drawing.

Asking learners to create mental images is 
intended to encourage them to identify key 
components in the text for their image (i.e. 
engage in the cognitive process of selecting), 
spatially arrange the components in their 
image (i.e. engage in the cognitive process 
of organizing), and relate them to prior 
knowledge…(engage in …integrating). 

The imagination effect is upheld in sixteen 
of twenty-two tests, yielding a median 
effect size of d =0.65.

The imagination effect is strongest when 
learners are high in experience and when 
the materials are well designed (d = 0.77 
based on sixteen comparisons). 

1
2

3

TAKEN VERBATIM FROM THE BOOK
LEARNING AS A GENERATIVE 
ACTIVITY, 2015
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effect size of d =0.65.
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learners are high in experience and when 
the materials are well designed (d = 0.77 
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2

3

TAKEN VERBATIM FROM THE BOOK
LEARNING AS A GENERATIVE 
ACTIVITY, 2015
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Boundary
Conditions

EvidenceTheory

Mapping

Drawing

Imagining

Asking learners to create spatial maps 
showing key concepts and relations among 
them encourages learners to identify key 
words in the text for nodes (i.e. engage in 
the cognitive process of selecting) and 
spatially arrange the words in their map 
(i.e. engage in the cognitive process of 
organizing).

The mapping effect is upheld in twenty-three 
out of twenty-five tests involving concept 
maps, yielding a median effect size of 
d = 0.62, five out of six tests involving 
knowledge maps yielding a median effect 
size of d = 0.43, and eight out of eight tests 
involving matrix graphic organizers yielding a 
median effect size of d = 1.07

The mapping effect is strongest when 
learners are low in experience or ability 
(d = 0.45 based on four comparisons) 
rather than high (d = –0.08 based on four 
comparisons). Younger learners may benefit 
from guidance during learning such as 
providing partially completed maps.

Asking learners to create drawings is 
intended to encourage them to identify key 
components in the text (i.e. engage in the 
cognitive process of selecting), spatially 
arrange the components (i.e. engage in the 
cognitive process of organizing), and relate 
them to prior knowledge …(i.e. engaging in 
the cognitive process of integrating). 

The self-generated drawing effect is upheld 
in twenty-six of twenty-eight tests, yielding 
a median effect size of d = 0.40. 

The self-generated drawing effect may be 
strongest when learners receive explicit 
instruction in what to draw, when 
extraneous cognitive load is reduced by 
providing partially drawn illustrations, or 
when learners receive more support such as 
comparing one’s self-generated drawing 
with an author-provided drawing.

Asking learners to create mental images is 
intended to encourage them to identify key 
components in the text for their image (i.e. 
engage in the cognitive process of selecting), 
spatially arrange the components in their 
image (i.e. engage in the cognitive process 
of organizing), and relate them to prior 
knowledge…(engage in …integrating). 

The imagination effect is upheld in sixteen 
of twenty-two tests, yielding a median 
effect size of d =0.65.

The imagination effect is strongest when 
learners are high in experience and when 
the materials are well designed (d = 0.77 
based on sixteen comparisons). 

1
2

3

TAKEN VERBATIM FROM THE BOOK
LEARNING AS A GENERATIVE 
ACTIVITY, 2015
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This is a deliberate exercise in cherry– 
picking. My choices are the ten studies 
that I think represent important findings 
about dual coding applications.

INDIVIDUAL
STUDIES

When Do Pictures Help Learning from Expository 
Text? Multimedia and Modality Effects in Primary 
Schools 
Herrlinger, S. et al (2017), Research in Science Education, 47, 
685-704

dding pictures to a text is very common 
in today’s education. It might be an 

effective strategy in primary education where 
children may not have developed the ability 
to read and understand lengthy pieces of 
unadorned text.

The results of this German primary study 
of 151 10-year-old pupils from four schools 
confirmed the starting hypothesis. Success, 
however, was determined by adherence to the 
now established principles of multimedia learning:

The modality effect — reading out the text as 
the children studied the pictures.

The coherence principle — ensuring the image 
is both interesting and relevant to the lesson.

The contiguity principle — making sure the 
images are presented at the right time and place.

rawing material you later have to 
learn, helps embed it in memory for 

easier later retrieval. In this study, this process 
was found to work when applied to individual 
words and pictures, as well as textbook 
definitions.

Not only did this approach work, it was 
shown to work better than other mnemonic 
techniques, such as semantic elaboration 
(discussing the meaning of the word studied), 
visualisation (imagining it), and even tracing. 

Reasons for this superior approach 
attributed to the integration of verbal 
(meaning) and visual channels, along with the 
embodied cognition of the motor (physical) 
skills involved. This results in richer encoding 
without any cognitive overload involved.

Pictures Drawing

The Surprisingly Powerful Influence of Drawing on 
Memory 
Fernandes, M. A. et al (2018), Department of Psychology, 
University of Waterloo, Canada

1 2

Dual encoding, activation of prior knowledge, 
computational effeciency, and support for 
mental models are the major explanations 
psychologists give for increased learning from 
lessons that include visuals.
CLARK & LYONS, 2004

The advantages of 
diagrams, in our view, 
are computational.
SIMON, H. et al, 1987

Herbert Simon
Ruth Clark & Chopeta Lyons
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Inter-individual differences in how presentation 
modality affects verbal learning performance in 
children aged 5 to 16 
Meijs, C. et al (2016), Child Neuropsychology, 22(7), 
818-836.

aivio was correct, this study shows, 
that images involve associated 

language, but language does not necessarily 
trigger imagery. This has significance when it 
comes to learning vocabulary.

Pupils 5 to 16 were given a verbal test using 
one of three modalities: pictorial, auditory, or 
textual. Pictorials won. But only for those over 
the age of 7. Why was that? 

It seems that we only start to sub-vocalise 
after this age. So when the over 7s were 
presented with a picture, they sub-vocalised 
(spoke to themselves, internally) what it was 
they were seeing. By doing so, and involving 
the auditory channel, they were, in fact, 
encoding the information twice. This natural 
dual coding, it seems, increases with age.

Getting Students Partially Involved In Note-taking 
Using Graphic Organizers.
Katayama, A. D., & Robinson, D. H. (2000),
The Journal of Experimental Education, 68, 119-133

tudents were put into different groups, 
each one receiving either complete 

outlines, partial outlines, skeletal outlines, 
complete graphic organizers, partial graphic 
organizers, or skeletal graphic organizers. 
Allotted specified time to study their material 
over several days, in ways that resembled 
everyday practices, the students were given a 
test on their recall and understanding of the 
content studied.

For the recall of facts, there were no 
differences between any of the groups. But 
when their understanding of the concepts 
involved was tested, the graphic organizer 
groups were more successful. And of those, the 
partially completed ones were better than the 
fully completed ones. 

xperts — in this context, architects 
— make far more inferences in their 

sketches than do architectural students. Like 
Adriaan de Groot’s seminal work on chess 
masters in the 1960s, these architects were 
able to see patterns not discernible to students. 

For example, corridors connecting high 
and low use structures were sufficient for the 
architects to infer from them traffic flow, in 
the same way that windows and skylights gave 
them immediate information about light.

This study of the unseen aspect of sketches 
offers expert teachers an insight into their 
superior — and perhaps unacknowledged — 
ability to make more sense of their diagrammatic 
explanations than their students do.

Vocabulary Graphic Organisers Experts
3 4 5

What Do Architects and Students Perceive In Their 
Design Sketches? A Protocol Analysis
Suwa, M . & Tversky B. (1997), Design Studies, 18, 385-403

As research 
progressed, the types 
of situations, graphics, 
tasks, and learners 
for which graphics are 
effective has become 
clearer.
BAUER et al, 2000

Barbara Tversky
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istening to an explanatory narrative 
of a series of images that depict a 

process, is more effective than separating the 
two in time. This conforms to the continuity 
principle.

Students studied the workings of a 
bicycle pump and, separately, the respiratory 
system. The group with the inferior results in 
a subsequent test, experienced the narration 
at a different time to studying the images. 
They spent valuable and limited cognitive 
resources recalling and transferring one to the 
other. The more successful, experiencing the 
two information sources concurrently, had 
greater cognitive resources available to make 
connections to what they already knew and, so, 
strengthened their understanding.

lacing text and images beside each 
other promotes more and deeper 

learning. Students studying the respiratory 
system were presented either with text alone 
of accompanied with a relevant visual.

Both groups were asked to talk through 
their understanding of the content. Analysis 
of their mental processes were coded as being 
paraphrases of the given text, elaborations 
connected to students’ prior knowledge, and 
inferences made. 

Students who viewed the diagram alongside 
the text made more inferences. Diagrams, 
it seems, stimulate deeper psychological 
engagement. Make no mistake, this does 
increase cognitive load but it is all productive and 
entirely related to the learning goals.

ot all images are equal in impact, it 
seems. Some not only have a minimal 

effect, but can also have a negative one.
A study of two lessons on the process of 

lightning formation included a visual of a plane 
being struck by lightning — something that 
does happen, and is interesting. On being asked 
if its inclusion in the study material was useful, 
students answered that it was. They found the 
visual interesting and helpful.

However, given subsequent material 
with the images missing, test scores rose 
significantly. This should warn teachers to 
give less significance to student voice on their 
learning experience (based on liking lessons) 
and also to scan their materials for superfluous 
and merely decorative graphics.

For Whom Is a Picture Worth a Thousand Words? 
Extensions of a Dual-Coding Theory of Multi-
media Learning
Mayer, R, E. & Sims, V. K (1994), Journal of Educational 
Psychology, 1994, 86 (3), 389-401

Learning From Text With Diagrams. Promoting 
Mental Model Development and Inference 
Generation
Butcher, K. R. (2006), Journal of Educational Psychology, 
98, 182-197

Cognitive Constraints on Multimedia Learning: 
When Presenting More Materials Results in Less 
Understanding. 
Mayer, R. E. et al, (2001), Journal of Educational  
Psychology 93, 187-198

Contiguity Inferences Decoration
6 7 8

Graphical displays 
do not benefit all 
types of learners 
in the same way; 
rather, their effect 
is a function of 
learners’ visuospatial 
ability and content 
knowledge.
VEKIRI, 2002

Ioanna Vekiri

NPL T
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his study compared text alone, text 
with visuals illustrating one element of 

the text, and text with a visual that illustrated 
the relationships within the text.

Both illustrated versions produced better 
results for both recognition and problem- 
solving questions.

But more interesting still were the superior 
results the students gained from the visual 
depicting the relationships. Psychologists call 
such visuals interpretative as they communicate 
the underlying structure of mental models.

The explicit visual connections shown in the 
interpretative visual form a direct parallel to 
those students’ need to construct in their own 
minds. They model schema formation.

his last study provides a salutary 
lesson, if rather obvious one — the 

more closely one studies a diagram, the more 
one learns from it.

University students were given a time-zone 
map of the earth and some text about the 
topic Time and Date. They had to answer a 
series of questions based on these two sources 
of information.

Their results divided them as being either 
successful or unsuccessful learners. A Think 
Aloud Method was used to analyse their 
approaches. The successful learners used the 
map more intensively and in a different way 
than the unsuccessful learners, concentrating 
more on information relevant for the 
construction of a mental model.

Quite obviously, a selection of ten studies does 
not provide a comprehensive overview of the 
many thousands of studies on the topic visual 
explanations in the classroom. 

Even within this tiny sample, there are 
contrary messages that may dampen the 
enthusiasm of those looking for a simple set 
of formulas. But with the interplay of related 
theories, decades of psychological research 
and, now, a growing body of neuroscientific 
research, it’s a pretty safe bet that inclusion of 
visuals in a teacher’s repertoire of strategies 
will enhance their students’ learning.

The task before psychologists is now to 
follow the lead of Fiorella and Mayer (2015) and 
produce details of the boundary conditions that 
determine where such visuals work best.

The Role of Illustrations in Text Comprehension: What, 
When, For Whom, and Why? 
Gyawlinck, V. & Tardieu, H. (1999), in H. van Oosterndrop  
& S. R. Goldman (Eds) The Construction of Mental 
Representations During Reading.

How do successful and unsuccessful learners use 
texts and graphics?
Schnotz, W. et al, (1993), Learning and Instruction,  
3, 181-199

Mental Models Pay-Off
9 10

Everything works 
somewhere, nothing 
works everywhere.
WILIAM, 2019

Dylan Wiliam

Contradictions, 
costs and payoffs.

NPL T NPL T NPL T
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Experience, theories and evidence all 
point to the effectiveness of including 
visuals in your teaching approaches.  
Here are six convincing arguments why.

Human cognitive architecture
John Sweller’s description of the cognitive 
process — constrained as it is by the limits 
of working memory — has become a central 
reference point in discussing the merits of any 
teaching approach. The use of visuals is no 
exception. 

On the right are six ways in which visual 
communication aligns with, and supports, 
human cognitive architecture, as defined by 
Ruth Colvin Clark and Chopeta Lyons in their 
epic Graphics For Learning (2004).

Graphic design can draw attention 
to the important elements in a 
visual display, avoiding distraction or 
confusion.

Direct attention Trigger prior knowledge Manage cognitive load

Motivate

Graphic design can ensure that there 
is no waste of cognitive resources 
in dealing with split attention or 
confusing organisation.

The explicit organisation of 
information helps its encoding into 
long-term memory and the building of 
meaningful schema.

The more organised the information 
is when it is encoded, the easier it 
is to retrieve it and use  in working 
memory.

Visuals help avoid a wall of words and 
reassure students that meaning can be 
accessed, as well as evoking interest.

BENEFITS

Point 1 Point 3 Point 2
Point 1 Point 3 Point 2

Point 1 Point 3 Point 2

The clarity of graphic displays 
helps connect to prior knowledge, 
which supports the learning of new 
information.

Build schema Transfer to working memory
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Three point communication
A little-known — and as far as I know, 
unresearched — benefit of visuals is their use in 
communication. There is unanimous agreement 
about face-to-face communication and all the 
body mirroring that helps build rapport. 

But lacking is any sort of solution to the 
fall-out that happens as a result of face-
to-face difficult conversations. Negative 
comments — however professionally framed 
— hurt the recipient. 

Why is that? Because the conversation 
has only two points: the two faces. Adding a 
third point completely, and easily, changes the 
dynamic. Now, both parties sit side-by-side,  
and share the same view of the third point 
— the visual. Comments travel via the visual, 
reducing the personal element and allowing the 
recipient to save face. This has great potential 
for feedback conversations, whether with 
students or colleagues. Try it out.

Both eyes 
and message 
are directed 
towards the 
added third 
point.

The third 
point deflects 
the personal 
component, making 
the conversation 
more objective.

The receiver 
avoids being 
confronted 
and losing 
face.

Both eyes and message are directed towards the added third point.

Everyone is looking 
down and checking 
what it says. 
Interactions are 
therefore object–
centred and not 
person–centred.
LUNZER et al, 1984

When the content 
is volatile, the 
communicator 
wants to display the 
information visually — 
the third point.
GRINDER, 2006

Eric Lunzer

Michael Grinder

Point 1 Point 3 Point 2

Point 1 Point 3 Point 2Point 1 Point 3 Point 2
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