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Abstract — Reading problem is one of basic problems in
students with learning disability. So that children who
couldn’t read, definitely they wouldn’t be successful in school
setting. For being successful in schools, students need to have
sufficient working memory. In this quasi experimental
research, researchers investigated effect of working memory
training on reading performance in 2" and 3™ grade
students who have reading disorders. This research was
conducted in Iran, Kermanshah. The sample of this research
consisted of 15 students with reading disorder (as
experimental group) and 15 students without reading
disorder (as control group). In this experimental design,
statistical sample were selected by purposeful sampling. They
have been promoted by working memory intervention.
Working memory training software (Persian version) was
used for improving working memory. Instruments included,
reading and dyslexic test (Nouri, Moradi & Akbari, 2005),
and Wechsler intelligence scale for children. Data were
analyzed by ANCOVA and MANCOVA methods. Results
show that there was significant difference between pre and
post test scores. It means working memory intervention was
effective on reading performance. As well as using working
memory improvement leads to enhancement of chaining
word, rhyming word, naming pictures, text comprehension,
understanding words, deleting phoneme and evaluating letter
cues. Totally this program leads to improving dyslexic
student’s performance.
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l. INTRODUCTION

Working Memory is a system to save and process
information temporarily through a series of complex
cognitive tasks. (Ullman et al, 2014; Cowan, 2013;
Baddeley, 1992, 2010; Vasile, 2012). Working memory

plays an important role in thinking, calculation,
understanding, implication, learning, and reading
(Baddeley, 1992; Melby-Lervag & Hulme, 2013).

Working memory has a key role in learning activities of
students (Janacsek & Nemeth, 2013). Working memory
also handles information rather than saving it, and this
create complex cognitive skills (e.g. reading and learning
strategies) and finally create knowledge and plays an
important role in development of childhood and obtaining
new skills in children (Arjmandnia et al, 2012; Gathercole,
2006; Arjmandnia & Seifnaraghi, 2009). Thus,
understanding the role of working memory in learning and
other cognitive activities and also proper usage of learning
strategies help students to learn better and more
(Schweppe & Rummer, 2013; Cowan, 2013).

Reading is a basic skill in all educational successes and
helps students in receiving and understanding new
information and concepts, and it is a main facto for
development of children (Johnson et al, 2010; Sen, 2009).
Not only reading promotes life skills and knowledge, but it
plays an important role in growth of emotions, ethics, and
speech intelligence (Tahar, 2010).

Dyslexia is a special disorder in reading that is not
resulted from general cognitive hurts, sensuous defects, or
insufficient training. In other words, dyslexia related with
reading problems and spelling words (Vasic et al, 2008).
In dyslexia, progress in reading is lower than the expected
level significantly by Individual Balanced Test and by
considering age, intelligence, and training (Kaplan &
Sadock, 2009). Dyslexic students have problems in most
lessons. Although they have natural intelligence, they have
not desirable progress. They educate hardly or they leave
education, which follows social, economic, cultural, and
emotional-mental (Sen, 2009).

Dyslexic children have little chances for success
(Taanila et al, 2014; Seifnaraghi & Naderi, 2010). Also,
their failure to read in first years of primary school affects
learning other lessons (Taannila et al, 2014; Sen, 2009). If
these failures repeat, they affect their self-esteem and self-
ideal and this, in turn, affect their educational progress,
which creates a void succession. Therefore, identification
and training these persons are very important in each
education system. Nearly, reading is the main problem of
75% of persons with learning disabilities. A group of
researchers believe that more than 25% of failures in
primary school come from reading problems (Abedi &
Aghababayi, 2010). About 8-15% of students experience
reading problems (Peng, 2013). Outbreak of dyslexia in
boy students is 3-4 times of that in girl students (Taanila et
al, 2014). Outbreak of dyslexia among Iranian primary
students is 10% (Sedaghati et al, 2009).

On the other hand, human has always noticed
importance of learning. Multiple researches about learning
show that most our behaviors are effects of learning. Since
many our behaviors are learned, study of learning
principles and methods is very important. Also, since there
is a close and mutual relation between learning principles
and educational method, educational method will become
more effective in pace of increment of our knowledge
about learning processes (Hergenahan & Olson, 2006).

Performance and ability of working memory is an
important factor for efficiency of learning (Smith & Ayres,
2013; Den, 2008, Nevo & Breznitz, 2013; Gathercole et al,
2006). Weakness of working memory has close relation
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with developmental language disorders such as dyslexia
(Peng, 2013; Vasic et al, 2008; Brambati et al, 2006).
Dyslexic children usually have problems in preserving
information related with working memory, and this can
affect speech training (Vasic et al, 2008).

On the other hand, audiotory perception problems relate
with learning disorders. Some children cannot distinguish
between sounds of different words and syllabuses and
even peripheral sounds (e.g. telephone ring). These
problems come for defects of audiotory separation.
Persons with learning disorders have problems in
audiotory blending, audiotory memory, and audiotory
association. Audiotory blending is ability of a person to
integrate audiotory information as they are heard. Persons
with audiotory blending problems cannot integrate
different parts of words that they hear. Some students have
problems in audiotory memory. In other words, they
cannot memorize information they hear. Defects in
audiotory association because a person cannot process
heard information. Obviously, defects in each above
mentioned processes affect teach (Groth et al, 2009).

Generally, findings of various researches have shown
that dyslexic children have weak memory performances
(Peg, 2013; Vasic et al, 2008; Brambati et al, 2006;
Swanson & Alexander, 2010; Berninger et al, 2008;
Brooks et al, 2011; Heim et al, 2008). Regarding to the
mentioned topics about memory, and learning and
dyslexic problems, this research studies the effect of
working memory amplification training programs on
reading performance improvement of dyslexic children.

Il. METHODOLOGY

Giving the reading and dyslexia tests on dyslexic
children in learning disorders centers in Kermanshah,
students with dyslexia were selected as sample and they
were assigned into two control and experimental groups
(pretest step). Then, the experimental group participated in
10 sessions (1/5 hours) of working memory program:
Session 1: Triple numbers, letters and pictures were read
for the students. Then they were asked to repeat them
directly.

Session 2: Triple numbers, letters and pictures were
shown to the students. Then they were asked to repeat
them reversely.

Session 3: Quadruple numbers were read and shown to the
students. Then they were asked to repeat them directly and
reversely.

Session 4: Quadruple pictures were read and shown to the
students. Then they were asked to repeat them directly and
reversely.

Table 1: Result of ANCOVA for posttest scores between e
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Session 5: Quadruple letters were read and shown to the
students. Then they were asked to repeat them directly and
reversely.
Session 6: Quintuple numbers were read and shown to the
students. Then they were asked to repeat them directly and
reversely.
Session 7: Quintuple pictures were read and shown to the
students. Then they were asked to repeat them directly and
reversely.
Session 8: Quintuple letters were read and shown to the
students. Then they were asked to repeat them directly and
reversely.
Session 9: Sextet numbers were read and shown to the
students. Then they were asked to repeat them directly and
reversely.
Session 10: Sextet letters and pictures were read and
shown to the students. Then they were asked to repeat
them directly and reversely.

Then post-test step was executed on two experimental
and control groups.

I11. INSTRUMENTS

1- Reading test and dyslexia:

This test is provided by Kormi Nouri and Moradi (2005)
for students of 1% to 5" grades of mono-language primary
school and bi-language students of Sanandaj -Tabriz
including 10 subtests. The alpha coefficient of the test is
0/82. (Kormi Nouri & Moradi, 2005).
2-Wechsler Intelligence scale for children (WISC-R):

The intelligence scale of Wechsler includes 12 sub-tests,
6 verbal tests and 6 non-verbal (performance) sub-tests.
The WISC-1V provides scores that represent intellectual
functioning in four specified cognitive domains: Verbal
Comprehension, Perceptual Reasoning, Processing Speed
and Working Memory. The WISC-IV also provides a Full
Scale 1Q score measuring general intellectual ability. This
scale has been standardized by Shahim in 2006 in a 1400
people sample (Shahim, 2006). The reliability of the
retest- test is 0.94 (moderate 0.73) to its description 0.42 to
0.98 (0.69) were reported in this regard. Validity of the
test using score correlation with non-verbal part in Wexler
scale for primary school children was 0.74 obtained
(Shahim, 2006).

IV. RESULTS

For investigating assumptions such as variance
homogeneity in reading and auditory memory span,
researchers used Levene’s test for variance homogeneity.
Results showed that variances were homogeny. (Auditory
memory span: F=1/37, P<0/25; reading: F=0/02, P<0/78).

xperimental and control group (auditory memory span)

Source of changes Sum of squares df Mean of squares F Sig. Eta square
Pretest 2/84 1 2/84 11/57  0/002 0/30
Between group 12/03 1 12/03 4/03 0/002 0/64

Above table results show that with controlling pretest
role on dependent variable, effect of independent variable

(working memory software) on auditory memory span is
significant.(F= 4/03,p>0/002).
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MANCOVA was used for comparing reading subscale
pretest and posttest scores in experimental and control
groups. Result of hottling test is statistically significant
(F= 12/60; P<0/001). This means that there is significant
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difference between two groups. For finding these
difference needs to MANCOVA that is presented in next
table.

Table 2: Result of MANCOVA for posttest scores between experimental and control group (reading)

Source of changes Sum of squares df Mean of squares F Sig. Eta square
Reading words 1534/61 1 1534/61 12/52  0/001 0/62
Word chaining 1146/87 1 1146/87 14/57 0/001 0/44
Rhyme 1204/22 1 1204/22 9/51 0/006 0/34
Naming picture 903/99 1 903/99 8/76 0/008 0/32
text comprehension 460/70 1 460/70 3/30 0/08 0/15
Understanding words 373/21 1 373/21 6/34 0/02 0/26
Deleting sounds 472/48 1 472/48 8/85 0/008 0/33
Reading non-words 12/89 1 12/89 0/52 0/48 0/02
letters cues 521/21 1 521/21 26/83  0/001 0/59
category cues 109/20 1 109/20 0/99 0/33 0/05

The results of covariance analysis shows that there are
significant differences between posttests of experimental
and control groups for variables of reading words, word
chaining, Rhyme test, naming pictures, text

comprehension, understanding word, deletion of sounds,
and letters cues. This means that intervention for
improving these sub-scales had a significant effect.

Table 3: Result of ANCOVA for posttest scores between experimental and control group (total score of reading)

Source of changes Sum of squares df Mean of squares F Sig. Eta square
Pretest 149274/12 1 149274/12 90/76 0/001 0/77
Group 10172474 1 10172474 61/85 0/001 0/69

As you see in tablel, results show that with controlling
pretest role on dependent variable, effect of independent
variable (working memory software) on auditory memory
span is significant.(F= 4/03,p>0/002).

One-way covariance analysis was used to study the
effect of intervention on total reading marks of dyslexic
students. After examination of pretests of this test,
covariance analysis results showed that there was a
significant difference between two groups (p<0.001). This
means that intervention on total reading scores had a
significant effect (table 3).

V. DI1SCUSSION AND CONCLUSION

The goal of this research is studying effectiveness of
working memory training strategies on improvement of
reading skills of dyslexic students. To achieve the goals,
data was analyzed by covariance analysis method. The
results showed that working memory enforcement training
programs improve components of reading words, word
chains, rhythm test, naming pictures, text comprehension,
understanding word, deletion of sounds, and letters cues in
dyslexic students. Also, the results showed that working
memory enforcement programs generally improve
performances of dyslexic students.

Various researches show that working memory training
strategies improves reading (including comprehension,
reading, phonetics recognition) of dyslexic students. The
results of covariance analysis in this research showed that
intervention in working memory improve reading skills of
dyslexic students. The results of this research are

compatible with previous ones (Sachzi & Swanson, 2001;
Heland et al, 2001; Mirmahdi et al, 2009).

To interpret these findings, we can say that since
working memory is necessary for learning, obviously its
malfunction can brings learning disorders. Memory and
reading have close interactions. Lack of capacity of
working memory or weak organization of long memory
may create reading problems. Working memory is a
noticeable area of memory to learn reading. Working
memory provides encoding, processing and registration of
information. Learning to read and perception of reading
both rely on working memory. Working memory affects
ability of preserving data in mind for a certain moment
and activates long memory during reading. Disorders of
working memory prevent construction and perception of
long sentences. This problem may come from limited or
slow working memory while reading. When reading skills
become stronger, phonemic working memory would
become automatic. If phonemic working memory is
automatic, there will be more space for working memory
to understand words.

Norman (1990) emphasized on relationship between
learning, memory, and performance. He equals learning
enhancement with memory, because interpreted
experiences act according to existing schemes (Hergenhan
& Olson, 2006). Regarding to the cognitive theories and
findings of this research, learning will be successful if one
is familiar with mind functions and memory mechanisms
and learn correct learning and studying methods.

Findings of different researches have shown that
dyslexic children have weak performances of working
memory. Working memory is an important cognitive
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process that is infrastructure of thinking and learning.
Successful learning is a function of capacity of working
memory. This memory plays roles in learning disorders
and dyslexia. Researches show that capacity of this
memory can be increased by training. Brain activity
related to working memory will be increased after training.
Interventions include training related strategies for this
memory (Abedi & Aghababayi, 2010).

According to the previous researches, it is concluded
that dyslexic children have problems in their working
memory; and training can enforce this memory, and this,
in turn, can improve educational performance. Regarding
to the effect of training on improvement of reading skills
of dyslexic students, it is concluded that working memory
training is an infrastructure skill to learn reading.

One of the limitations of this research is not selection of
subjects randomly. Limited number of learning disorders
clinics limits selection of subjects, and this caused
comparison of subjects by their sex and base was not
possible. Subjects of this research were student with
reading disability. However, extending the results to
learning disabilities such as mathematics and writing must
be cautious. It is proposed that structure of working
memory, its components, its role in learning, and its
improvement methods will be trained in in-service training
courses of teachers.

At the end we appreciate the support of Department of
Science and Technology of Islamic Azad University of
Kermanshah which provided us facilities to complete this
research.
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