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Abstract

Background: Memory is the process of encoding, storing, consolidating, and retrieving information. Short-term
memory (STM) describes the process of passively holding small amounts of material to be later produced in an
untransformed fashion. Tasks that measure STM typically involve situations that do not vary their initial encoding
(recall a sequence of items in the order in which they were presented). In children with dyslexia, deficits in working
memory have not been well specified.

Results: There is statistically significant between group I and group II regarding all items of the TOMAL-2.

Conclusions: Dyslexic children are distinctively disadvantaged compared with average readers on working and
short term memory tasks.

Background
Dyslexia is characterized by an explicit and substantial
deficiency in the development of reading ability (often
accompanied by poor spelling) [1]. According to the
ICD-10 published by the WHO (2011), dyslexia occurs
whenever an individual’s reading skills are significantly
lower than their expected potential based on their age,
general intelligence, and education [2].
Children with specific learning disorders such as dys-

lexia or dyscalculia have major problems in acquiring
fundamental reading, writing, and arithmetic skills start-
ing from their very first school days [1].
Learning disorders result in secondary problems for

many children, such as low self-esteem, school anxiety, de-
pression, psychosomatic disorders, or antisocial behavior
and attention deficit disorders (hyperactivity) (ADHD) [1].
Working (WM) and short-term memory (STM) pro-

cesses were among the most studied cognitive processes
in children with reading disabilities (RD) [3].
Tasks that measure STM are generally tasks that do

not require change of their initial encoding. This means
that participants are not instructed to infer, transform,

or vary the requirements of processing. Within these sit-
uations, participants are specifically asked to recall a
string of items in the order in which they were pre-
sented. Several authors also suggested that the phono-
logical loop may be considered STM [4] since it involves
two key components addressed in the STM literature: a
phonological input store based on speech and a re-
hearsal process [5–8].
Numerous studies suggest that children with reading

difficulties do have difficulties with tasks involving
short-term retrieval of ordered data which is considered
an obvious sign of inadequate phonological recital pro-
cessing [5–7]. Moreover, another study suggested that
tasks assessing STM, including digit or word span tasks,
are necessary to distinguish between readers with and
without reading difficulties [8].
Research indicates that these children often encounter

deficits in the operating of the central executive function
yet this deficit tends to fade away when the demand for
phonological processing is controlled [9–11].
Furthermore, some studies suggest that reading could

also be linked to the control function of the central execu-
tive system itself. This is because the central executive sys-
tem partially controls the phonological loop (i.e., the
executive system shares some variance with the phono-
logical loop) [12].
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Working memory (WM) is believed to include a sys-
tem responsible for keeping verbal and auditory data as
well as supporting long-term phonological language rep-
resentations [13, 14].
WM is defined as a low capacity processing resource

that is involved in preserving data while handling the same
or other data. Tasks measuring WM evaluate the ability of
an individual to keep task-relevant information in an ac-
tive form and regulate controlled processing [15].
Research provided ample evidence that specific learn-

ing disabilities are associated with impairments in work-
ing memory specifically phonological processing and
storage [11, 16, 17].
Readers with dyslexia often have poor short-term

memory for words and problems in phonological ma-
nipulation, which necessitates phonological data to be
retained while it is being modified [18, 19].
Readers with dyslexia were observed to demonstrate

poor performance in WM tests such as forward and
backward digit span, short-term retention of words
through interfering stimuli and task switching, repetition
of tapping patterns of increasing lengths, serial compari-
son, recognition, and recall of words and non-words.
This difficulty in keeping and manipulating information
may be related to their problems in developing reading
skills [20, 21].

Aim of the work
The purpose of the present study was to compare chil-
dren with and without dyslexia on measures of short-
term (STM) and working memory (WM) memory tasks.

Methods
One hundred four children were included in this study.
Children were divided into two groups:

Group I: 52 dyslexic children.
Group II: 52 normal children taken as a control group.
Both groups were matched for age, sex, and IQ.

Both groups were subjected to the following protocol
of evaluation.
Elementary diagnostic procedures:

� Complete history taking.
� General examination.
� Neurological examination.

Clinical diagnostic procedures:

� Psychometric evaluation: Stanford Binet Scale 4th
edition.

� Arabic dyslexia assessment test (ADAT).

� Test of Memory and Learning (TOMAL-2nd edition):
[22] Subjects were assessed by eight core (memory for
stories, word selective reminding, object recall, paired
recall, facial memory, abstract visual memory, visual
sequential memory, memory for location) and six
supplementary subtests (digits forwards, letters
forwards, digits backwards, letters backwards, visual
selective reminding, manual imitation). The core
subtests were aggregated to produce a Verbal
Memory Composite Index (memory for stories, word
selective reminding, object recall, paired recall) and a
Non-verbal Memory Composite Index (facial mem-
ory, abstract visual memory, visual sequential mem-
ory, memory for location). A detailed description of
all tasks follows below.

Core subtests
Verbal Memory Composite Index

– The memory for stories (MFS) requires the verbal
free-recall of two orally presented stories of increasing
complexity. In the word selective reminding (WSR),
the examinees are required to correctly recall an aur-
ally presented list of words. The examinee is then
asked to repeat the list of words; however, only omit-
ted words are provided before the examinee is asked
to recall all of the words again. In the object recall
(OR), the examiner presents a series of 15 illustrations
on an easel page and then provides the names for each
object. The examinee is then required to verbally ex-
press the name of the illustration provided by the
examiner. The paired recall (PR) is a paired-associate
task which requires the examinee to verbally recall a
word when provided the word with which it was
paired during learning trials.

Non-verbal Memory Composite Index
Facial memory (FM) is a non-verbal task that assesses
recognition of faces in the presence of distraction. Exam-
inees are shown up to 12 photos of different faces (tar-
gets) and asked to recall the target face while presented
with other faces not shown (distracters). Unlike the fa-
cial memory subtest which taps recognition of meaning-
ful, non-verbal information, the abstract visual memory
(AVM) subtest measures recognition of abstract stimuli.
Examinees are presented with a single geometric figure
on an easel page and then the examinee must recognize
the figure among a series of six abstract stimuli. During
the visual sequential memory (VSM), examinees are
horizontally presented abstract designs and are then re-
quired to indicate the order in which they were pre-
sented on a separate easel page when given the same
designs in a random order. The memory for location
(MFL) subtest assesses spatial memory by requiring
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examinees to recall the location of dots dispersed across
a picture book page. After viewing the initial stimulus,
examinees must then place plastic chips on a grid repre-
senting locations on which the dots were presented.

Supplementary subtests
The digits forwards (DF) subtest is a traditional digits re-
call subtest. A series of 2 to 10 digits is presented acous-
tically at a rate of 1 digit per second, starting with 2 and
continuing up to a maximum of 10 digits. Participants
had to repeat the digits immediately in the presented
order. The same applies to the digits backwards (DB)
subtest, except the correct placement of a digit in re-
verse order is required. Letters forward (LF) and letters
backward (LB) subtests are offered as “language-related”
correlates to the digits subtests. The premise of the
manual imitation (MI) subtest is similar to aforemen-
tioned subtests except the stimuli response modality in-
volves four different hand positions. The visual selective
reminding (VSR) subtest is described as a non-verbal
analog to word selective reminding.

Statistical methodology
Data were collected and entered to the computer using
SPSS (Statistical Package for Social Science) program for
statistical analysis (ver 21) [23]. Data were entered as nu-
merical or categorical, as appropriate.
Kolmogorov-Smirnov test of normality revealed sig-

nificance in the distribution of some variables, so the
non-parametric statistics was adopted [24].

Data were described using minimum, maximum, mean,
standard deviation and 95% CI of the mean [25],
median, and inter-quartile range.
Categorical variables were described using frequency
and percentage.
Comparisons were carried out between two studied
independent not-normally distributed subgroups using
Mann-Whitney U test [26].
Comparisons were carried out between more than two
studied independent not-normally distributed sub-
groups using Kruskal-Wallis test [27].
Post hoc pair-wise comparisons when Kruskal-Wallis
test was significant was carried out using Dunn-Sidak
test for multiple comparison [28].
Chi-square test was used to test association between
qualitative variables. Monte Carlo corrections [29] were
carried out when indicated (n × m table).
Box and whiskers plot and bar chart were used
accordingly.

An alpha level was set to 5% with a significance level
of 95%, and a beta error accepted up to 20% with a
power of study of 80%.

Results
Fifty-two dyslexic school-aged children and 52 normal
children participated in this study. Both groups were
matched for age and sex (Figs. 1 and 2). There was no
statistically significant difference between verbal I.Q., ab-
stract visual I.Q., and general I.Q. in the studied groups
(p = 0.377, p = 0.100, p = 0.624, respectively). A statisti-
cally significant difference was found regarding the ver-
bal and non-verbal memory composite indexes of the
core battery as well as all items of the supplementary
subtest (p = 0.000) (Tables 1, 2, and 3)

Discussion
Our research results revealed that the dyslexic group
showed significantly lower performance on all test items
relative to their control group matched by age and IQ.
This implies that memory deficits accompany learning
disorders such as dyslexia. In terms of educational impli-
cations, the important role of short-term and working
memory for school achievement should be taken into ac-
count. It was argued that short-term and working mem-
ory could be more predictive than intelligence for school
achievement
Verbal working memory is likely to play a major role

in reading whether memory deficits per se emerge as a
primary factor or as a contributing factor in reading
disability.
Like others, we found that on verbal memory, the

groups differed significantly. Compared to the control
group, the dyslexic group scored significantly lower in
the Verbal Memory Composite Index.
In earlier research, dyslexia-related verbal STM defi-

ciency was interpreted primarily as a result of impaired
phonological representations. Based on the phonological
core deficit hypothesis of dyslexia [30], dyslexic chil-
dren’s phonological representations are degraded and
block effective retrieval of verbal stimuli in STM tasks
along with phonological awareness and rapid automatic
naming tasks, all of which depend on activating phono-
logical representations.
In the context of the models differentiating between

serial order and item STM abilities, the interpretation of
verbal STM defects in dyslexia as a result of compro-
mised phonological representations implicitly corre-
sponds to the assumption that there is an item STM
defect, since item information processes rely directly on
the quality of the language network as shown previously
[31]. Weak readers frequently lack the ability to recall
linguistic information and the problem seems to be at-
tributed to phonological processes involved in the en-
coding or storage of verbal data. Children who are poor
readers are continually performing poorly in recall level
compared to their age mates.
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In Baddeley’s model, the visual-spatial sketchpad is
specialized for the processing and storage of visual
material, spatial material, or both as well as for lin-
guistic information that can be coded into conceiv-
able forms. The literature that links dyslexia to the
visual-spatial memory defects is mixed. Many of the
studies found that visual-spatial WM was preserved
in children with dylexia compared to their counter-
parts of the same age [32, 33], while other studies
suggested visual-spatial problems in dyslexic children
[32, 33].

Learning disorders such as dyslexia and dyscalculia
and attention deficit disorders are accompanied by spe-
cific work memory deficits: phonological loop is affected
in children with dyslexia, visual-spatial sketchpad is af-
fected in children with dyscalculia, and children with
ADHD have difficulties in the central executive tasks.
The high incidence of dyslexia comorbidity with dys-

calculia and attention deficit hyperactivity disorders [34]
tends to lead to common cognitive impairments and
could have resulted in the significant difference in the
non-verbal composite memory index in this study.

Fig. 1 Box and whisker graph of age (years) in the studied groups; the thick line in the middle of the box represents the median, the box represents
the inter-quartile range (from 25th to 75th percentiles), and the whiskers represents the minimum and maximum after excluding outliers (black-filled
circles). (Numbers indicate the serial number of the patient in the original master table)

Fig. 2 Clustered bar chart of sex in the studied groups
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It is assumed that the number reversed task is primar-
ily a short-term measure of processing capacity. Colom
et al. (2005) [35] described forward and backward span
measures as similar STM storage measures [35].
In the dyslexia group, with both forward and back-

ward digits and letters span tasks, the serial ordering
of responses was impaired. Location memory was as
well deficient. The pattern looks similar in terms of
visual sequential memory, visual selective recall, and
manual imitation and shows a compelling significant
difference.
Multiple studies have suggested that children with

reading difficulties often have difficulties with tasks that
require the short-term retention of ordered information
indicating of ineffective phonological rehearsal [6, 7].
Moreover, numerous researches [8] suggested that tasks

measuring STM, such as digit or word span tasks, are es-
sential in distinguishing readers with and without read-
ing disability.
Children with dyslexia may have a deficit in using

strategies to preserve serial order, thus showing a defi-
ciency in standard span tasks.
Dyslexia is partly due to children losing track of the

unit order they are reading. That is, there could be a
causal association between short term serial order mem-
ory and reading ability. Letter series must be kept in
working memory until words are identified and words
and phrases must be kept in working memory until the
underlying ideas are identified.
The possible explanation why children with dyslexia tend

to be disadvantaged with regard to children with typical de-
velopment in serial order within standard digit span could be

Table 1 Comparison between the two studied groups according to the core subtests

Dyslexic group Control group Test of significance
(p value)

Verbal Memory Composite Index (VMI)

n
Min–max
Median (IQR)

52
45.00–109.00
70.50a,b (63.00–78.00)

52
80.00–147.00
107.00c (101.00–121.00)

χ2(KW)(df = 2) = 74.924
p = 0.000*

Non-verbal Memory Composite Index (NMI)

- n
- Min–max
- Median (IQR)

52
45.00–123.00
73.00a,b (66.00–82.00)

52
82.00–142.00
102.00c (97.00–116.00)

χ2(KW)(df=2) = 51.526
p = 0.000*

n number, Min-max minimum–maximum, IQR inter-quartile range, KW Kruskal-Wallis test, df degree of freedom
*Statistically significant difference (p < 0.05)
NS statistically no significant difference (p > 0.05)

Table 2 Comparison between the studied groups as regards supplementary (verbal subsets)

Dyslexic group Control group Test of significance
(p value)

Digits forwards (DF)

- n
- Min–max
- Median (IQR)

52
5.00–12.00
7.00 (6.00–7.00)

52
8.00–18.00
12.00(11.00–13.50)

χ2(KW)(df=2) = 76.121
p = 0.000*

Letters forwards (LF)

- n
- Min–max
- Median (IQR)

52
4.00–13.00
7.00(7.00–7.00)

52
7.00–18.00
11.00(9.50–13.50)

χ2(KW)(df = 2) = 68.944
p = 0.000*

Digits backwards (DB)

- n
- Min–max
- Median (IQR)

52
1.00–13.00
7.00a,b (5.00–7.00)

52
8.00–17.00
11.00c (9.00–12.50)

χ2(KW)(df = 2) = 63.865
p = 0.000*

Letters backwards (LB)

- n
- Min–max
- Median (IQR)

52
4.00–11.00
7.00a,b (6.00–7.00)

52
8.00–17.00
10.00c (9.00–12.00)

χ2(KW)(df = 2) = 73.732
p = 0.000*

n number, Min–max minimum–maximum, IQR inter-quartile range, KW Kruskal-Wallis test, df degree of freedom
*Statistically significant difference (p < 0.05)
NS statistically no significant difference (p > 0.05)
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that children with dyslexia are poorer at the covert verbal re-
hearsal that has been proposed as a mnemonic strategy that
adults use [36] and is just emerging at this age in children
with typical development [33, 37].
The results regarding dyslexia appear to be consistent

with previous work which supports the theory that serial
order memory is compromised in dyslexic children par-
ticularly in comparison to typically developing individ-
uals. Our results support the conclusion that a serial
order memory deficit exists [33].

Conclusions
Dyslexic children are distinctively disadvantaged com-
pared with average readers on working and short-term
memory tasks.
Assessment of working and short-term memory can

be an integral part of the evaluation protocol of dyslexic
children. Incorporating memory training strategies and
phonological awareness in rehabilitation of dyslexic
children.
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