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Keywords: Background and Purpose: Weakness of students with dyslexia—dysorthographia in encoding,
Spelling efficacy, storage, and retrieval of phonetic writing system leads to the high importance of creating and
visual-phonological implementing effective interventional programs in the field of specific learning disabilities. So, the
processing, aim of the present study was designing COROOR (Cognitive Rehabilitation of Orthography &
students with dyslexia — Reading) computer-based cognitive rehabilitation program and investigating its effect on spelling
dysorthographia, efficacy and visual-phonological processing in the students with dyslexia — dysorthographia.
COROOR computer- Method: This research was a quasi-experimental study with pretest-posttest control group design
based cognitive and a three-month follow-up period. The population consisted of all third grade primary school boy
rehabilitation students with dyslexia-dysorthographia who had referred to learning disabilities centers in Kashan

city in the academic year 2018-2019. Among them, 20 students with dyslexia-dysorthographia based
on diagnostic tests (Dyslexia syndromes checklist based on DSM-5 criteria, Wechsler Intelligence
Scale for Children (WISC), and Conners Rating Scale) were selected by purposive sampling and
then, randomly assigned to either the experimental or the control group (10 per group). After
implementing the pretests of writing expression disorder (spelling component) (Baezzat, 2010) and
visual-phonological processing (Hosaini, Moradi, Kormi Nouri, Hassani, & Parhoon, 2016), the
experimental group received the COROOR computer-based cognitive rehabilitation program, while
the control group underwent no intervention. Immediately after the intervention, post-tests were
performed on both groups. After three months, follow-up tests were performed on the groups. The
data were analyzed using repeated measures multiple-analysis of variance.

Results: Findings showed that 20 sessions of cognitive rehabilitation for orthographic and color
detection tasks by COROOR software reduced spelling errors and improved visual-phonological
processing in the experimental group at post-test and follow-up stages (p< 0.01)

Conclusion: According to the results, it can be said that the use of orthographic and color detection
tasks by COROOR computer-based cognitive rehabilitation is effective for the spelling and visual-

Received: 26 Jun 2019 phonological processing of students with dyslexia and dysorthographia. As a result, it can be
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Extended Abstract

Introduction
Dyslexia-Dysorthographia is among the most
essential problems faced by children with specific
learning disabilities. It is mainly characterized by a
lack of progress in reading accuracy, speed and
comprehension, difficulty in spelling, recognition,
and poor decoding (2). People with dyslexia-
dysorthographia have difficulty in remembering the
word dictation and word manipulation which
requires the maintenance of changing phonological
information (7).

Another neuropsychological characteristic related
to the high percentage of visio- auditory learning is
visual-phonological processing. Delays in visio-
auditory perception will cause certain cognitive
impairment (5). Researchers such as De Luca,
Burani, Paizi, Spinelli and Zoccolotti (9) and
Romani, Tsouknida, di Betta and Olson (10) in the
diagnosis of dyslexia—dysorthographia emphasized
the multi-element (i.e. visual-spatial, phonological,
and other) processing deficits.

The idea of phonological processing is based on this
fact that during the acquisition and comprehension
of spoken and written codes, language sounds are
stored and retrieved in the form of three skills:
phonological awareness, phonological working
memory, and quick automatic naming (13). In this
regard, the studies showed that the reading and
spelling in students with dyslexia are affected by
poor phonological awareness (15). Furthermore,
people with impaired phonological working memory
cannot remember or visualize the letters and letter
order of words (16). Besides, based on the results,
word recognition process in the people with dyslexia-
dysorthographia is weak. Incomplete lexical
representations and low processing speed reflect the
lack of automatic word recognition (12, 18, 19).

Cognitive rehabilitation is a therapeutic approach
that involves producing educational software as new
learning opportunities for students with dyslexia-
dysorthographia. Based on Thurman and Takala (23)
and Mabhler, Joerns, and Schuchardt (24), cognitive
rehabilitation exercises reduce the symptoms of
dyslexia and dysorthographia in students. In a study
with the phonological awareness exercises, Baezzat,
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Moradi and Motaghedifard (15) enhanced the
auditory memory in children with dysorthographia.
According to Dahlin (26), Perbuma, Peeters,
Overvelde, Nijhuis-van der Sanden and Steenbergen
(27), and Chaco, Uderman, Feirsen, Bedard and
Marks (28), working memory training increases
memory capacity by targeting the storage and
manipulating the verbal and non-verbal components
of the working memory.

No study has yet aimed to reinforce the three skills of
phonological awareness, phonological working
memory, and rapid automatized naming based on the
phonological processing in individuals with a disorder;
hence, the present study was conducted to design
COROOR computer-based cognitive rehabilitation
program and to investigate its effect on the efficiency
of spelling and visual-phonological processing in
students with dyslexia- dysorthographia.

Method

This research was a quasi-experimental study with
pretest-posttest control group design and follow-up
period. The population consisted of all third grade
primary school boy students with dyslexia-
dysorthographia who had referred to learning
disabilities clinics in Kashan city in the academic
year 2018-2019. Dyslexia-dysorthographia was
diagnosed by Screening Inventory Reading Test of
Shafiei etal. (31), Wechsler Intelligence Scale for
Children (WISC) (standardized by Shahim) (32), and
Conners Rating Scale (Parent Short Form) (33). The
sample individuals were selected by purposive
sampling and then, randomly assigned to either the
experimental or the control group (10 per group).
Then, both groups underwent the pretest, including
Baezzat's writing expression disorder (spelling
components) (35) and visual-phonological processing
of Hosaini etal. (36).After that, the experimental
group received 20 group training sessions on
COROOR rehabilitation software (60 min per
session). COROOR rehabilitation software was
designed by Motaghedifard under the supervision of
Baezzat and Nejati in cooperation with the
Neuroscience Research Center of Shahid Beheshti
University of Tehran in 2019, modeled on Dybuster
software (30). This software is based on three parts,
of which the spelling task and color detection task
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were used in this research. COROOR computer-
based cognitive rehabilitation consists of three parts:
graph task, orthographic task and color detection
task. The orthography task is related to strengthening
phonological awareness and improving orthography
through phonological and visual working memory.
Exercises of the color detection task strengthen the
ability of rapid automatized naming by rapidly
naming the visual stimulus of letters and colors as
part of the variance of the ability to recognize the
words. Intervention sessions were held three times a
week in one of the centers of learning disabilities in
Kashan. Immediately after the intervention period,
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spelling and visual-phonological processing post-
tests were performed on both groups. To evaluate the
effects of exercise stability, the relevant post-tests
were performed again on both groups three months
after the intervention. Finally, data analysis was
performed using multivariate analysis of variance
with repeated measures.

Results

First, the descriptive statistics of the study were
investigated, and then the assumptions and
multivariate analysis of variance with repeated
measures were presented.

Table 1: Descriptive statistics of the research variables for the experimental and control groups at pre-test, post-test and follow-up stages

variable group M SD Shapiro-Wilkes test sig
; experimental 54.50 9.52 .98 .98

Pre-test control 57.60 2.63 90 26

Spellin Post-test experimental 25.50 14.05 .88 .32
petiing control 58.10 4.01 86 08
follow-u experimental 16.80 9.35 .89 .06

P control 51.20 331 97 94

; experimental 259.10 20 .90 .25

Pre-test control 213.20 21.16 89 16

visual-phonological processing Post-test expce()rértr;g?tal giégg i;gg gg gg
follow-u experimental 334.60 27.20 .95 .70

P control 245.40 69.25 88 13

The results of Table 1 showed that the mean and
standard deviation of the groups in the pre-test stage
were close to each other; however, in the post-test

and follow-up stages, the experimental groups
experienced higher variance compared to the control

group.

Table 2: Results of the within and between subjects analysis of variance

Source of variation sum of squares df mean sum of squares F sig partial eta squared
within subjects

time 4862.02 1 4862.02 62.01 0.00 0.77

time * group 2449.22 2449.22 31.23 0.00 0.63
error 1411.25 18 78.40

between subjects

group 10375.35 1 10375.35 62.97 0.00 0.77
error 2965.63 18 164.75

Based on the findings of Table 2, the difference
between spelling scores in the three stages of the
study was significant (p<0.01). The mean scores in
the experimental and control groups were significantly
different (p<0.01). In addition, the interaction

between research stages and group membership was
significant (p<0.01). Therefore, the experimental and
control groups were significantly different in terms of
mean spelling score at pre-test, post-test and follow-up
stages.
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Table 3: Results of the within and between subjects analysis of variance

Source sum of squares df mean square F sig partial eta squared
within subjects
time 77176.22 1 77176.22 52.33 0.00 0.74
time * group 30969.22 30969.22 21 0.00 0.53
error 26543.05 18 1474.61
between subjects
group 176258.40 1 176258.40 79.37 0.00 0.81
error 39369.26 18 2220.51

According to the findings of Table 3, the difference
between the scores of phonological-visual processing
in the study stages was significant (p<0.01). The
mean scores in the two groups were significantly
different (p<0.01). In addition, the interaction
between research stages and group membership was
significant (p<0.01). Therefore, the experimental
and control groups were significantly different in
terms of mean score at pre-test, post-test and follow-
up stages.

Conclusion

Dyslexia-dysorthographia is a type of specific
learning disabilities which causes problems in
reading and spelling accuracy (1-3). In fact,
phonological and writing representation, storage,
and retrieval play a very important role in learning
the correct spelling of words and are used in the
orthography task of COROOR software. Consistent
to the results obtained here, Hassanabadi et al. (16)
identified the problems with orthography as difficulties
in identifying, storing, and retrieving visual
information, and by applying the task-process
approach provided an opportunity to reduce the
dictation errors by strengthening students' visual
memory. In other consistent studies (26-28) working
memory training by targeting two important memory
factors, including storage and manipulation of verbal
and non-verbal working memory, led to spelling
efficiency. Therefore, the results of above-mentioned
studies demonstrated the effectiveness of exercises
designed to reduce spelling errors in students of the
experimental group.

Findings also showed that after treatment and
follow-up, the visual-phonological processing scores
of the experimental group significantly changed
compared to the control group. Thus, the special
exercises of COROOR software were effective in
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increasing the visual-phonological processing scores
of the experimental group. Theorists who emphasize
the causal role of multi-element processing deficit in
the occurrence of dyslexia-dysorthographia and
diagnose the disorder on the basis of weakness in
visual-phonological processing (9, 10) believe that
students with dyslexia-dysorthographia can change
their sensory processing with rehabilitation. This
study aimed to provide coordination in visual and
auditory processing by providing exercises in the
orthography section of the software.

Through matching the sounds with their written
forms and by visual-auditory storage of the spoken
and written materials in the short-term and working
memory, the students could process the alphabetic
principles in the direction of orthography. In fact, the
form of phonological visual connections between
written words and their spoken counterparts in the
memory is the basis of fast and correct word
recognition (23-25) which was the focus of the
orthography tasks of the software. In a study relatively
consistent to the present findings, Hassanabadi et al.
(16) and Mahler et al. (24) showed that if the
rehabilitation of visual and auditory working
memory leads to the higher performance in spelling
tasks, especially the homophones, the visual and
phonological processing will also improve.

Due to the ease of using cognitive rehabilitation
programs and their attractiveness for children, it is
suggested to provide the students with these
programs as a part of school curriculum. In this
study, the control group was evaluated only at the
pre-test, post-test, and follow-up stages; hence, it is
possible that the resulting changes have been due to
factors other than software program. Future
researchers are suggested to use an active control
group. For example, activities unrelated to the aimed
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cognitive activity may be used, including puzzle
completion, physical activities, and computer games.
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1. COgnitive Rehabilitation Of Orthography & Reading (COROOR)
2. Phonological awareness
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4. The Swiss Federal Institute of Technology in Zurich and the
University of Zurich
5. Inventory Reading Test (IRT)
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1. Brain plasticity
2. Neuro-rehabilitation
3. Dybuster Orthograph
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2. Conner’s’ rating Scale
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1. Wechsler Intelligence Scale for Children
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3. Orthogragh task
4. Color task
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1. Reading and Dyslexia Test (NEMA)
2. Cognitive Rehabilitation of Orthography & Reading (COROOR)
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