We are IntechOpen,
the world’s leading publisher of

Open Access books
Built by scientists, for scientists

6,800 184,000 200M

ailable International authors and editors Downloads

among the

154 TOP 1% 12.2%

Countries deliv most cited s Contributors from top 500 universities

Sa
S

BOOK
CITATION
INDEX

Selection of our books indexed in the Book Citation Index
in Web of Science™ Core Collection (BKCI)

Interested in publishing with us?
Contact book.department@intechopen.com

Numbers displayed above are based on latest data collected.
For more information visit www.intechopen.com

Y



Chapter

Introductory Chapter: The
Application of Cognitive Science in
Supporting Learners with Dyslexia

Jonathan Glazzard

1. Introduction

According to the Education Endowment Foundation [EEF] [1], ‘Cognitive science
is being used increasingly to inform interventions, practice and policy in education’
(p. 5). However, to date, there is a paucity of research which explores the benefits of
applied cognitive science to learners with dyslexia. This chapter will explore the bene-
tits of spaced/distributed learning, dual coding, interleaving and retrieval practice for
students with dyslexia. It will start by exploring working memory and cognitive load
before moving on to consider the benefits of these specific approaches. According to
the EEF, ‘Cognitive science principles of learning can have a real impact on rates of
learning in the classroom. There is value in teachers having working knowledge of
cognitive science principles’ (p. 7). Despite this, it is important to acknowledge that
the research base on the impact of cognitive science on student outcomes is currently
limited and there is a need for further research which investigates the impact of
these approaches on students with disabilities. The principles of cognitive science are
derived from both cognitive psychology and cognitive neuroscience and therefore it is
important to consider the role of memory in the process of learning. This chapter does
not present evidence of the efficacy of the identified approaches but instead opens a
debate about the possibility of the identified approaches for students with dyslexia.

2. Working memory

The model of the working memory was developed by Baddeley and Hitch [2]. The
following diagram is an adapted version of the original model (Figure1).

The central executive controls the working memory. The information which is
received via the central executive is sent to either the visuospatial sketchpad or the
phonological loop for processing. These are slave systems of the working memory. The
visuospatial sketchpad processes visual and spatial information. The phonological loop
processes spoken language and written information. The episodic buffer is a temporary
storage system for holding information and was a later addition to the original model
proposed by Baddeley and Hitch [2]. Information is processed in the relevant process-
ing chambers and then sent to the long-term memory for storage. The capacity of the
working memory is extremely limited. The working memory can only process a small
amount of information at any time, unlike the long-term memory. If the working
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Figure 1.
Model of the working memory (adapted from Ref. [2]).

memory is overloaded, learners experience cognitive load. When this occurs, the
working memory becomes less efficient, and students might struggle to process the
information that is being received.

The implications of working memory for students with dyslexia need to be consid-
ered carefully. When students are being taught new knowledge, that knowledge is being
processed in the working memory. The working memory is an active component of the
memory. It enables us to complete tasks as we are doing them, and it helps us to remem-
ber what we need to do next. New information is processed in the working memory.
When a single processing chamber (i.e., the phonological loop or the visuospatial
sketchpad) is overloaded, this reduces the capacity of the working memory to process
information. However, it is possible for both processing chambers to work concur-
rently, processing different types of information (auditory, written visual and spatial)
without experiencing cognitive load. This is because auditory and written information
are processed in the phonological loop and visual and spatial information are processed
in the visuospatial sketchpad. The implications of this are important for educators to
consider. We know that dyslexic students tend to experience difficulties with working
memory. Educators therefore need to reduce the amount of information that enters the
working memory at any time. Overloading the phonological loop by introducing too
much auditory information will reduce its efficiency and dyslexic students are likely
to struggle when they are given too many instructions or lengthy auditory explana-
tions. This is because the auditory information is processed in the phonological loop.

It quickly becomes overloaded, and learners experience cognitive load. Introducing
dyslexic students to multiple phonemes in a phonics lesson will also result in the same
effect. In a similar way, the visuospatial sketchpad quickly becomes overloaded when
learners are exposed to too much visual information which is required to process. An
example might be introducing students to multiple diagrams in a lesson.

Understanding the limitations of working memory is particularly important for
dyslexic students because their working memory capacity is limited. It is important to
break new knowledge into smaller, manageable chunks so that the working memory
does not become overloaded. This approach is likely to benefit all students but is
particularly beneficial for dyslexic students because the capacity of their working
memory is reduced.

3. Cognitive load

Cognitive load occurs when the working memory becomes overloaded. This
reduces the efficiency of the working memory in relation to information processing.
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There are three main types of cognitive load which occur: intrinsic, extraneous

and germane. Intrinsic load occurs when too much information enters the working
memory, even when new knowledge can easily be assimilated into existing knowledge
and existing schemas do not need to be modified. Extraneous load occurs when irrel-
evant content is introduced in lessons, which is not essential to the core learning tak-
ing place. This essentially gives students too many things to think about and reduces
the capacity of the working memory to process the intended learning. Germane load
occurs when new knowledge is not easily assimilated into existing knowledge. In this
case, existing schemas need to be modified to accommodate new knowledge, result-
ing in more advanced understanding and transformative learning.

There are clear implications of cognitive load for dyslexic students. It is important
to reduce intrinsic load by limiting the number of instructions that students need to
follow, reducing the amount of auditory information that is transmitted to students
in lessons and reducing the number of diagrams or other visual images that students
need to visually process at any time. In addition, it is important to keep lessons
focused on the core intended learning. This places a responsibility on teachers to focus
sharply on the new knowledge that students need to learn rather than introducing
additional content that serves as a distraction. In addition, overloading classroom
environments with visual information, which requires visual processing, can serve as
a distraction and reduce the efficiency of the visuospatial sketchpad.

Germane load occurs when existing schemas require modification. An example of
this is in early reading when children progress from learning a simple alphabetic code
to a complex code. This is problematic in languages such as English where a grapheme
can represent several phonemes and a phoneme can be represented by several graph-
emes. One example of this is as follows: in the simple alphabetic code, children associ-
ate the grapheme ‘ch’ with the phoneme /ch/ in church, chip and chocolate. In the
complex alphabetic code, they subsequently learn that the same grapheme represents
the phoneme/k/ in ‘chemist’ and/sh/in ‘chef’. This results in disequilibrium because the
original schema that they have formed for the grapheme ‘ch’ now needs to be extended
to incorporate multiple phonemes rather than just one. Given that we know many
dyslexic learners struggle to make associations between graphemes and phonemes, as
well as experiencing difficulty with phoneme addition (adding a phoneme to a word),
phoneme deletion (removing a phoneme from a word and phoneme substitution (sub-
stituting one phoneme for another to change the word) due to the affected area of the
brain, it is important to consider how to support them through this process of schema
modification when they progress from the simple alphabetic code to the complex
alphabetic code. Mastery of the alphabetic code is important for all learners because
knowledge of sounds becomes a key strategy to aid spelling throughout life, even if
they rely on more visual strategies to support reading. In this example, it is important
that dyslexic learners can focus on the new knowledge that they are accommodating
so that they can focus on the accommodation of one schema at a particular time rather
than being exposed to multiple schema modifications. They also need opportunities to
overlearn that new knowledge by revisiting it in different ways on multiple occasions.

4. Worked examples

Providing dyslexic students with worked examples reduces cognitive load because
the worked examples serve to remind students of the steps that they need to complete to
solve a problem and remind them what the expected standards are in a particular task.
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5. Dual coding

The EEF [1] states:

Dual coding theory is based on the theory that working memory has two distinct
components, one that deals with visual and spatial information and another that deals
with auditory information. By presenting content in multiple formats, it is possible
that teachers can appeal to both subsystems of the working memory, which subse-
quently strengthens learning (p. 37).

Dual coding is essentially the practice of providing students with information in
different formats. One example of this is when teachers support a verbal explana-
tion with a diagram. This is particularly effective when the diagram helps students to
understand the information that is being presented in an auditory form. This peda-
gogical approach should not be confused with learning style theory, which has now
been largely discredited. In the example provided here, the auditory information that
the teacher is providing is processed in the phonological loop. Students will process the
diagram in the visuospatial sketchpad. Both slave systems of the working memory can
work concurrently to process different types of information, resulting in no cognitive
load. The dual coding is beneficial to dyslexic students because knowledge that is being
transmitted in one form is then reinforced using a different mode of communication.
In practice, teachers could support their verbal explanations with different types of
visual information including diagrams, photographs and objects at different times.
However, it is important to limit the amount of information that a single slave system
is required to process. Therefore, introducing many different types of visual informa-
tion in a lesson alongside verbal explanations could result in cognitive load because the
visuospatial sketchpad would become overloaded. In addition, if information in one
form does not support understanding of the subject content, which has been intro-
duced using a different mode, this can become distracting and result in cognitive load.

6. Concept mapping

Concept maps are essentially visual representations of subject-specific concepts.
They are commonly used in science and mathematics, but they can also be used in
other subjects. Subject-specific concepts (for example, states of matter in science) can
be represented through pictures, diagrams, cartoons and other forms of presentation.
Concept maps are helpful to dyslexic students because they may struggle to process
lengthy teacher explanations.

7. Spaced/distributed learning

According to the EEF [1], ‘Spaced practice (also referred to as spaced learn-
ing, distributed practice, distributed learning, and the spacing effect) applies the
principle that material is more easily learnt when broken apart by intervals of time.
Spaced practice is often contrasted with ‘massed’ or ‘clustered’ practice, whereby
material is covered within a single lesson or a linear and sequential succession of
learning’ (p. 15).

This approach is particularly beneficial to dyslexic students because it provides
them with opportunities to revisit (and overlearn) key components of knowledge
before deepening their understanding. It involves retrieval of knowledge from the
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long-term memory after a period of time has elapsed. The knowledge that is stored in
the long-term memory can then be re-processed in the working memory before being
channelled back into the long-term memory. This retrieval of knowledge supports
long-term knowledge retention.

8. Interleaving

The EEF [1] states that:

Interleaving involves sequencing tasks so that learning material is interspersed
with slightly (but not completely) different content or activities, as opposed to
undertaking tasks through a blocked and consecutive approach. While similar to
spaced practice, interleaving involves sequencing tasks or learning content that share
some likeness whereas a spaced practice approach uses intervals that are filled with
unrelated activities (p. 19).

Interleaving forces students to think hard in lessons because they must switch
between different types of tasks. Additionally, tasks might be interleaved across a
sequence of lessons. There is a need for further research to explore the benefits of
interleaving for students with dyslexia.

9. Retrieval practice

The EEF [1] states that ‘Retrieval practice describes the process of recalling
information from memory with little or minimal prompting’ (p. 21). Students with
dyslexia (and other types of disabilities) are likely to benefit from regular retrieval
activities. Regular visiting of knowledge supports the development of automaticity.
When learning becomes automatic, students do not need to think as much about it.
This frees up the working memory. Regular retrieval tasks support dyslexic students
to master foundational knowledge. Low-stakes quizzes, sorting and matching activi-
ties, talking to a partner, making lists, labelling diagrams and drawing a diagram are
examples of useful retrieval activities.

10. Conclusion

This chapter has briefly introduced several pedagogical approaches that poten-
tially could benefit dyslexic students. The application of cognitive science into the
classroom has not been fully researched across a range of subjects and age phases and
therefore there is a need for further research in this field. However, the potential of
these strategies for dyslexic students is worthy of further consideration and further
research.
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