
Chapter Overview

In Chapter 1, we considered an integrated model of causation showing links 
between the three main causation theories. Subsumed into these theories is diffi-
culty at the cognitive level with the storage and retrieval of information, particu-
larly in relation to phonological representations. A consequence of this is that the 
role of short-term working memory in dyslexia is not always given the attention it 
deserves. Indeed, the relevance of memory to learning is often overlooked in plan-
ning intervention programmes for learners with dyslexia. This chapter, therefore, 
focuses on the discussion surrounding the impact of dyslexia on the 
sub-components of working memory, both as an explanation for literacy 
difficulties and for the strategies incorporated into the teaching pro-
gramme in Part III. 

Chapter 2

the role of MeMory in aCquiring 
literaCy SkillS
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32      Teaching Learners wiTh DysLexia

What is Memory?

‘Memory’ is a blanket term that has often been used to describe the activities of acquiring, 
retaining, and recalling information. Memory can be divided into short term (recent 
memory) and long term. The term ‘short-term memory’ refers to information presented 
verbally or visually that is stored for only a very short period of time (seconds). Where 
a learner needs to hold on to information long enough to use it, as in following an 
instruction, or needs to manipulate information, as in performing a mental calculation, 
then it is stored in short-term working memory. Learners with dyslexia will usually exhibit 
working memory deficits as they tend to have very few strategies available to them to 
keep information in working memory for long enough. If information decays too quickly 
then it is not transferred to long-term memory for permanent storage. Similarly, if infor-
mation retrieved from the long-term memory cannot be kept in the working memory 
long enough for it to be organised and communicated (through speech, drawing, writing, 
etc.) then it may become jumbled (mis-sequenced) or lost from working memory, leaving 
the feeling that you know something but cannot produce/recall it (the tip of the tongue 
phenomena). Later on you may perhaps suddenly think of the information because you 
have been able to retrieve it from your long-term memory. Working memory, then, is 
seen as having a vital role in holding information in our short-term memory long enough 
to act on it and in both the storage and retrieval of information from our long-term 
memory. This is demonstrated in the input-output model (see Figure 2.1). 
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Figure 2.1 Input Output Model of Memory (Kelly and Phillips, 2011)

Models of Working Memory

Working memory is made up of several components, each with its own role. 
Gathercole and Packiam-Alloway (2008) produced a simplified model of this (see 
Figure 2.2), showing how the different components interact.

02-Kelly & Phillips-4246-Ch-02.indd   32 23/08/2011   11:58:45 AM



 The roLe of MeMory 33

In this model information flows two ways from the central executive to both the 
visual-spatial short-term memory store and the verbal short-term memory store, but 
there is no direct link between verbal and visual memory. The central executive is 
described as controlling attention and being involved in higher level mental processes.

It is useful to examine this model in relation to causal theory. Magnocellular deficit 
theory suggests that problems in processing rapidly presented visual information may 
result in difficulty in taking in information accurately into visuo-spatial short-term 
memory and so faulty information may be passed to the central executive for long-
term storage. This could result in the letters in words being stored in the wrong 
sequence (e.g., ‘siad’ for said), confusion in the orientation of a letter (e.g., b/d/p), or 
confusion between words with similar shapes (e.g., ‘shop’ and ‘stop’), thereby affect-
ing whole word recognition. The same theory suggests that problems in the auditory 
pathway (temporal processing difficulties) may result in difficulty taking in informa-
tion accurately into verbal short-term memory and again faulty information may be 
sent to the central executive to be organised and stored in long-term memory. This 
could result in sounds being mis-sequenced within words or confusion between 
similar sounding letters, making sound-symbol correspondence more difficult to 
establish and retrieval of letter names and sounds more effortful or even inaccurate. 

In the integrated model of causation (Figure 1.1) in the previous chapter, we dem-
onstrated a link between the magnocellular system and the cerebellum, in that it is 
possible that in learners with dyslexia faulty information is passed from the visual and/
or auditory pathways to the cerebellum in the same way that Figure 2.2 shows visual 
and/or auditory memory sending information to the central executive for organisation 
and storage. The cerebellar/automaticity deficit theory argues that the cerebellum has 
a role in developing automaticity. This involves a speedy retrieval of information from 
long-term store into working memory via the central executive, which requires the 
cerebellum to interact with other parts of the brain (e.g., the frontal cortex) – a role 
for which it is particularly suited. The theory suggests that in learners with dyslexia 
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Figure 2.2 Model of Working Memory (Gathercole, and Packiam-Alloway, 2008)
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disorganised neurons within the cerebellum cause speed of processing difficulties, as 
it interacts less efficiently with other parts of the brain and so more processing time 
is required. However, problems in motor processing/planning in the cerebellum could 
also cause faulty storage and retrieval of information resulting in: reversal of letters or 
words (as a learned sequence of motor movements must be recalled); the grapheme-
phoneme relationship becoming more difficult to establish; poorly formed letters; 
difficulty in organising thoughts on paper for essay writing; and sequencing difficulties 
(e.g., in recalling a spelling).

If information is stored incorrectly in long-term memory then faulty information will 
be retrieved by the central executive. In learning to spell children will move through 
several stages of spelling development (see Chapter 5) as they become mature spell-
ers, but learners with dyslexia will usually take longer to move through these stages 
and might also use phonetic spelling such as ‘sed’ for a much longer period before 
learning the correct spelling, building up two or more memory traces for the word 
‘said’ (through repeated incorrect motor movements). It is possible, therefore, for a 
learner to retrieve an incorrect spelling even after they have been taught the correct 
one. This may be seen as carelessness on the learner’s part by some teachers but is 
actually a consequence of a working memory deficit. 

The phonological deficit theory discussed in Chapter 1 argues that it is not a visual 
processing difficulty that leads to letter reversals but a naming difficulty (Snowling, 
1992). The theory proposes that correct visual images are stored but the learner is 
unable to retrieve the correct label for each image. It also maintains that it is phono-
logical processing difficulties that lead to problems in rehearsal in the phonological 
loop component of short-term verbal memory. Auditory information that is received 
and recognised as meaningful speech is sent via the phonological loop to the central 
executive for storage. However, information that requires verbal coding (particularly 
if it is sequential information such as a telephone number) often needs to be kept in 
short-term verbal memory through a process called rehearsal if it is to be successfully 
transferred to long-term memory. The phonological loop is involved in the rehearsal 
process. Learners with dyslexia will often not use strategies such as rehearsal (repeat-
ing information silently or through sub-vocalisation) and a memory may therefore 
decay before it reaches the long-term store. Verbal repetition is a strategy that can be 
used to help learners with dyslexia to keep information in their working memory for 
a greater length of time.

Working Memory Deficits

An alternative explanation for phonological deficits was presented by Gathercole and 
Baddeley (1993) who argued that reading difficulty is the result of a slower articulation 
speed causing a dysfunction of the phonological loop and that this difficulty partly 
lies in a more limited capacity phonological store. This accounts for the comprehension 
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difficulties that are sometimes experienced when long and complex sentences are 
being read. They found that comprehension was not affected when short simple sen-
tences were used. It may, therefore, be the length of the memory string that causes 
information to be lost. Learners with dyslexia will usually have a smaller than average 
working memory capacity (as tested by a digit span test) and may only be able to 
remember three or four units of information (letters, numbers, words) at a time. A digit 
span test normally asks the learner to listen to a list of between three and seven num-
bers and then recall them in the sequence in which they were dictated. This tests 
immediate recall. However, if a list of numbers is given and the learner is asked to 
recall them in reverse order this tests working memory as information must be held 
on to whilst the sequence is reversed. Assessment of short-term working memory 
capacity can inform the planning and delivery of lessons, as learners with dyslexia 
may need information to be broken down into smaller chunks (e.g., shorter verbal 
instructions, shorter sentences for dictation or reading). A digit span test (forwards 
and/or reverse) is included in most dyslexia screening tests.

Learners with working memory deficits are also more vulnerable to memory 
‘interference’ or ‘distraction’. Information can be interfered with at the input stage 
(see Figure 2.1) if the learner cannot pay sufficient attention to the stimuli. This can 
happen, for example, in a noisy classroom where the learner has to filter out a lot 
of background noise in order to focus their attention on the relevant information. 
Learners with dyslexia can often find this difficult to do and so faulty or incomplete 
information will arrive in their short-term memory. To achieve a successful filtering-
out of irrelevant background noise they will have to concentrate much harder than 
their non-dyslexic peers and as a result, they can sometimes appear to be ignoring 
a person speaking to them as they are concentrating intently on the task in hand. 
A quiet learning environment then needs to be a feature of a dyslexia-friendly class-
room. This is supported by a study undertaken by Bastien-Toniazzo et al. (2009) 
who explored the audio-vision integration of speech in native French-speaking 
children and found that learners with dyslexia had more difficulty processing visual 
cues (where they had to guess what was being said by watching lip movements) 
than their non-dyslexic peers. They also found that the hindrance of background 
noise led children to rely more on visual information than auditory information, 
suggesting that learners with dyslexia are more disadvantaged in noisy learning 
environments. 

Information can also be interfered with once it has reached working memory 
due to it being crowded out by more incoming information. If working memory 
capacity is smaller than average and speed of information processing is slower, 
then information may not have been transferred to long-term memory before 
further information is received that exceeds memory capacity and therefore ‘pushes 
out’ some of the previous information – which is then lost. Gathercole and 
Packiam-Alloway (2008) explain this in relation to what is called the ‘primacy effect’ 
and the ‘recency effect’. If a list of items is presented verbally to a learner which 
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they are then asked to recall, those that are best remembered will be the first in 
the list (because they have been transferred to long-term memory), which is the 
primacy effect, and the last in the list (because they are still in working memory), 
which is the recency effect. The middle items on the list will be the least well 
remembered and often ‘lost’, as memory capacity was not great enough to hold all 
the items in working memory and so the most recent ones push out those already 
in place. This effect can be seen in all learners but in those with dyslexia a smaller 
working memory capacity means that it happens more frequently and in situations 
where their peers can cope (e.g., when given a series of instructions as in a science 
experiment).

Learners with dyslexia do not usually have a general memory difficulty, however, 
and may excel in areas of the curriculum that have fewer language demands, such as 
Information Technology, Engineering, Architecture, Business or Mathematics. The 
uneven academic profile usually presented by learners with dyslexia is evidence that 
they can learn and remember certain types of information quite well. To explain this 
we need to look at a model of working memory that shows how it interacts with 
long-term memory. 

Baddeley’s Three-component Model of working Memory

Gathercole and Packiam-Alloway’s (2008) model is based on an earlier model of 
working memory developed by Baddeley (1986), in which the visuospatial sketchpad 
(visual short-term memory) and the articulatory/phonological loop (verbal short-term 
memory) are both controlled by the central executive. He later added a third compo-
nent to his model – the episodic buffer – to explain how episodic memory (our 
memory for experiences) is stored (see Figure 2.3). In this model of working memory 
the episodic buffer integrates visual, spatial, and verbal information with time 
sequencing (such as the memory of a story). 

The episodic buffer allows us to remember events that we have experienced as it 
is assumed to have links to long-term memory and semantic meaning (Baddeley, 
2000). It can hold much more information than could be held in the phonological 
loop and it is believed to act as a temporary long-term store, enabling us, for example, 
to remember what we had for lunch for several days previously. A routine event – 
such as what we ate for lunch or what we wore yesterday – will normally only be 
remembered for a few days, but where an experience has a particular relevance or 
produces a particular emotion (for example, what we wore on our wedding day) it 
is stored in a more permanent form in long-term memory. Personal experiences 
such as these are referred to as autobiographical memories (see Gathercole and 
Packiam-Alloway, 2008). They point out that personal experiences also allow us to 
acquire a wide range of factual knowledge about the world around us that is stored 
in semantic memory. 
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It is this part of long-term memory that enables us to store the meaning of words 
and the knowledge of how different concepts are related to each other. When we 
recall information, if it is automatic recall of a fact such as the colour ‘blue’, then 
it is likely that we are retrieving it from semantic memory as it is a fact that we 
have met so many times that we feel that we ‘know’ it rather than remember it. 
If on the other hand we recall a fact such as ‘the sand in the Sahara desert is hot’ 
because we have been there, then it is likely that this has been recalled from our 
episodic memory. Episodic memory and semantic memory are both types of 
declarative memory (or memory of facts) which is believed to be unimpaired in 
learners with dyslexia. Rather the problem seems to lie in procedural memory – 
skills that have been practised and become automatic (such as riding a bicycle). 
Nicolson and Fawcett (2008) suggest that it may be possible to distinguish 
between general and specific learning difficulties by finding out if both declarative 
and procedural memory are affected or if only procedural memory has been 
impaired.

Baddeley’s (2003) model distinguishes between the features of long-term and short-
term memory by depicting long-term memory as a crystallised system that we are unable 
to change but short-term memory as a fluid system that can be altered in terms of capacity 
and the length of time material is held. The lessons described in Part II of the book aim 
to improve both storage and retrieval and short-term working memory in two ways:
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Language
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Figure 2.3 Baddeley’s Three-component Model of Working Memory

Source: Baddeley, A. (2003) ‘Working memory and language: an overview’, Journal of 
Communication Disorders, 36 (3): 189–203.
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 • through structure and routines;
 • through direct memory training (see Chapter 12).

Multisensory teaching is a key strategy in both types of activity. The theory sug-
gests that when information is received through several senses at the same time 
the central executive organises and then stores this information in several places 
in the brain. Tactile memory is believed to be stored in the primary somotosensory 
cortex of the parietal lobe (Harris et al., 2002) and auditory memory in the left 
parietal lobe (Scott et al., 2000), whereas visual memory appears to be stored in 
several different locations in the right hemisphere depending on the type of infor-
mation: memory for objects, spatial position or faces (Salmon et al., 1996). To 
facilitate the transfer of information from short-term memory to long-term memory 
storage, the multisensory teaching approach recommended in this book involves 
the use of as many of the senses as possible (simultaneously) in any given activ-
ity. Using verbalisation is particularly recommended as it is an important tech-
nique for keeping information in working memory long enough for it to be stored 
in long-term memory. Presenting information through a multisensory approach also 
makes its retrieval easier as connections are made between the right hemisphere, the 
primary somotosensory cortex of the parietal lobe, and the left parietal lobe. 
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Figure 2.4 Sketch of the Brain and its Structures
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Involving Parents

Teachers could encourage parents to provide educational experiences for their 
children, learning through doing, so that they can make use of episodic and autobio-
graphical memory in storing information from activities outside school. Other 
approaches might involve playing memory games and devising strategies to support 
the recall and retention of information. Teachers will need to explain to parents how 
these experiences and activities relate to developing memory. 

There is a range of published memory games that parents can play with their chil-
dren to develop memory skills (e.g., pairs games where they have to remember the 
position of a picture or symbol to turn over two matching cards from several rows of 
cards – computerised versions of the kind of game can also be used – or oral memory 
games such as ‘I went to market’ where the learner remembers a sequence by saying 
aloud “I went to market and I bought … ”, gradually adding on more items as the 
learner and parent take turns to create the longest string of objects possible). Parents 
might link the items to be remembered to their child’s hobbies or interests in order to 
personalise their learning. 

Learners with dyslexia may need support from parents in developing good organi-
sational skills. By checking their homework diary parents can help their child to plan 
their time more effectively to make sure they meet homework deadlines. It is useful 
to check coat pockets on a regular basis for school letters as often learners with dys-
lexia forget to pass these on and thus parents may not receive information about 
school events, parents evenings, etc. (Teachers could perhaps also check that impor-
tant letters are not still lurking in coat pockets several days after they have been sent 
home, or use phone or text messages instead of sending out letters). At home, a copy 
of their school diary could be prominently displayed so that support can be given in 
organising the relevant equipment for example, for sport or food technology. Learners 
should also be encouraged to make their own checklists (e.g., items to be packed 
when going on holiday or a school trip) and to jot down reminders, even if they are 
the only people who can read these back.

Implications for Practice

 • A slower rate of presentation will be needed. School staff should avoid speaking 
too quickly when giving explanations or instructions.

 • Strategies for remembering need to be taught. 
 • There should be a regular review of learned facts.

(Continued)
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 • Instructions should be kept short and be clearly phrased.
 • Understanding of a task should be checked by asking a learner to repeat what 

they have to do.
 • Accuracy should be the first aim in reading and spelling and then speed should 

be improved.
 • Time should be allowed for thinking and planning.
 • The importance of a quiet learning environment should be taken into account.
 • Instructions and explanations may need to be repeated.
 • Correct memory traces can be strengthened through overlearning.
 • Activities should be fully multisensory and include verbalisation.
 • Learning should be personalised to help to create autobiographical memories.

Summary 

This chapter has provided a rationale for giving significance to the place of strat-
egies for developing short-term working memory in planning a literacy interven-
tion programme for learners with dyslexia. Activities should be broken down into 
small steps so that they are within an individual’s working memory capacity, but 
teaching should also draw on other types of memory such as episodic, semantic, 
and autobiographical (which are often strengths for learners with dyslexia) by 
personalising learning and ensuring that students are actively engaged in the 
learning process. 
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