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Background: Dyslexia refers to a kind of learning difficulty, a combination of strengths and 
weaknesses which affects the reading and spelling learning process. 

Objectives: The aim of current research was to develop an instructional package based on visual 
spatial abilities and examine its efficacy on the reading performance of students with dyslexia.

Materials and Methods: This is a quasi-experimental study with pre-test, post-test design and 
control group. The statistical population included dyslexic students in the elementary schools of 
Hamadan City, Iran in the academic year 2016-2017. The sample size was 60 students that were 
randomly selected and assigned to the experimental and control groups (n=30 in each group). This 
study was conducted to investigate the effectiveness of an educational package based on visual-
spatial abilities in reading performance of dyslexic students. To achieve this aim, we designed an 
educational package based on visual-spatial abilities presented in 10 forty-minute sessions. Before 
training the package, the experimental and control group were taken a pre-test of reading abilities 
and the same test was repeated after receiving the package training. The data gathering tools were 
reading and dyslexia tests. The covariance test was used to analyze the research data.

Results: The result indicated that the intervention was significantly effective in the subscales of 
words reading, word chain, word comprehension, text comprehension, and naming of the images. 
The results also showed that the educational package was not effective in other areas of reading, 
including rhyming, reading the non-words, removing the voices, marks of letters, and words.

Conclusion: Based on the results, the visual-spatial package was effective in improving the reading 
skills of dyslexic students. 
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1. Introduction

ccording to the Diagnostic and Statistical 
Manual of Mental Disorders (DSM) [1], 
learning disabilities are defined as the dys-
function of one or more psychological pro-
cesses that contribute to understanding 

and using spoken and written language and may pres-
ent in disabilities of listening, thinking, reading, writing, 
spelling, and mathematical calculations. This problem 
involves conditions such as perceptual dysfunctions, 
dyspnea, dyslexia, and developmental aphasia. How-
ever, it does not involve learning problems resulting 
from the visual, hearing, motor, and mental disabilities; 
emotional disturbances; or environmental, cultural, and 
economic deprivation [2].

Generally, learning disorder is classified into three 
main categories: dyslexia, dysgraphia, and dyscalculia. 
Reading is one of the most important ways to acquire 
knowledge and information. Each person in the com-
munity is bound to read a large volume of texts. For 
this reason, in most societies, reading and writing are 
the keys to educational achievement, and students 
who are weak in reading are weak in learning different 
lessons throughout and after the school years, thus 
failing in education [2].

Educating-motivated and self-directed readers are 
among the main goals of reading programs in the el-
ementary schools [3]. Reading has two main elements 
of decoding and comprehension [4]. Decoding is the 
mechanical aspect in the conversion of printed letters 
into spoken language or spoken language equivalents 
[5], while understanding is defined as the construction 
of a mental representation of text information and its 
interpretation [6]. Reading disability is one of the most 
important areas that usually cause more difficulties for 
students with learning disabilities [7].

Evidence suggests that reading disorders have a high 
degree of comorbidity with other disorders that affect 
learning and simultaneous occurrence of more than 
one problem may result in severe cases of impairment. 
It has been reported that dyslexia is commonly comor-
bid with attention deficit hyperactivity disorder [8], 
developmental coordination disorders [9], and math-
ematical calculation disorder. Despite the importance of 
reading skills, Iranian students show low ability in this 
skill [10]. Also, the prevalence of reading disorder has 
been reported to be 4.58% among Iranian students [11]. 

In Iran, 10-15% of all the children who enter school 
have difficulties in reading, and 4% have serious prob-
lems [12]. The prevalence of dyslexia in the United 
States, England, Canada, Australia, and the Scandina-
vian countries is estimated to be 10-15% [13]. 

Reading as a complex activity involves interactions 
between sensory systems and the brain network. The 
results obtained from Galaburda (1993) research on 
teaching and learning reading have brought some 
achievements [14]. One of the important achievements 
of these studies for teaching and learning reading pro-
vided the main base for Baker proposed model [15].  
Baker called this model “reading equilibrium model”. 
This model has been used by researchers in different 
countries to classify and treat dyslexic students [16]. 
Baker identified various types of dyslexic readers, each 
has different hemisphere dominance and requires dif-
ferent training. 

Perceptual type of dyslexic children over-process the 
right hemisphere strategies and therefore, they may 
have a good level of understanding but their reading 
speed is slow. On the other hand, the linguistic type 
of dyslexic children use left hemisphere strategies for 
early processing and it seems that left hemisphere has 
an active role in reading. These children are quick to 
read and suffer from major errors such as deletion, ad-
diction, and succession.  For a long time, most research 
on dyslexia has reported shortcomings and disorders 
of dyslexic students, while in some studies researchers 
have reported the strengths and abilities of these stu-
dents, too [17, 18]. One of which is the visual-spatial 
ability of dyslexic children. Gradually, the investigations 
on the probability of the visual-spatial abilities’ superi-
ority of dyslexic individuals led to controversial results.

In fact, the visual-spatial ability is one of the most im-
portant dimensions of cognitive abilities used in school 
along with the traditional emphasis on verbal and arith-
metic abilities [18-20]. In general, the visual-spatial 
ability is widely referred to as the ability to express and 
convey symbolic or non-verbal information in the envi-
ronment. This ability includes arguing through modes 
and forms that are directly related to the argumentation 
of architecture, engineering, physics, and many artistic 
and visual arts [21, 22].

Various studies have reported higher, lower, and equal 
visual-spatial abilities with dyslexia. Some studies have 
reported the superiority of sight-spatial ability in dys-
lexic individuals but there were studies that did not 
recognize such processing between dyslexic and non-
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dyslexic individuals [23-27], and even the weakness of 
this process in dyslexic individuals [28, 29]. However, 
those studies that indicate the potential dysfunctional 
superiority in the field of visual-spatial ability can be a 
source of further and a new perspective on research in 
this field. Therefore, identifying more characteristics of 
dyslexic students helps professionals provide better and 
more appropriate educational services based on their 
needs.

2. Materials and Methods

This is a quasi-experimental study with pre-test-post-
test design and control group. The statistical population 
included dyslexic students in the elementary schools of 
Hamadan City, Iran in the academic year 2016-2017. 
The study sample consisted of 60 students who were 
selected via the cluster sampling method from Hama-
dan City educational regions and elementary schools. 
The selected sample was assigned to the experimental 
and control groups (30 students in each group).

The inclusion criteria were the students in third, fourth 
or fifth grade of elementary school, at least been re-
ferred once from the school to learning disorder cen-
ters, with good improvement in the other educational 
fields, received appropriate and moderate educational 
equipment and family support, and without any senso-
ry-motor disabilities according to their school records. 
The exclusion criteria were two sessions or more ab-
sences in educational sessions and illness or cancelation 
by the student or his or her family.

Data gathering tools

Reading and Dyslexia test

This test has been standardized for male and female 
elementary students studying in the first to fifth grade 
of the linguistic and bilingual elementary school by 
Karimi Nuri and Morady and includes 10 subtests: read-
ing the words, reading the meaningless words, testing 
word comprehensions, word chain test, rhythm test, 
image naming test, voice removal test, letter mark test, 
and wordmark test. The reliability of the 10 subtests us-
ing the Cronbach alpha are 0.91, 0.85, 0.73, 0.65, 0.88, 
0.75, 0.78, and 0.66, respectively. 

The reliability of the whole test was 0.82 using the 
Cronbach alpha reliability coefficient. This test was per-
formed individually and according to the cut-off point 
of this test (157), students who scored 157 or less (114 
errors or more) were considered as dyslexia. The valid-

ity of the test was measured by Hosseini that demon-
strated a good internal consistency of the test. The ex-
perimental and control group were taken a pre-test of 
reading and dyslexia tests and results were collected to 
compare after administrating the package.

Educational package based on visual-spatial abilities

Another instrument utilized by the present study was 
a training package developed by the researcher to use 
the visual-spatial abilities of dyslexic students for boost-
ing their reading skill. In the following, we will present 
a summary of the training session contents. The pack-
age has 10 sessions and every training session took 40 
minutes on average. 

Session 1. A written short story was presented to the 
students received and they were asked to read the sto-
ry individually and loudly, then their reading mistakes 
were noted. The same story was visualized in pictures 
by the teacher and asked students to read the story 
again; Session 2. Some new words were taught in vi-
sualized and general methods instead of spitting and 
analytical methods. Visualizing were done with beans, 
play dough, and finger dolls; Session 3. Students were 
asked to create some pictures for the written form of 
the words. The teacher showed the samples first; Ses-
sion 4. Students were taught to ignore some unimport-
ant words like prepositions and summarize the main 
idea of the text; Session 5. Students were taught to use 
colored talc in reading and put them on the words to 
bold them in reading; Session 6. Some comic books full 
of pictures were given to the students and they were 
trained to comprehend the text via following pictures 
chains; Session 7. Students were trained to bold spe-
cial information with specific colors, for instance, turn 
data to green or names to red; Session 8. Detecting ap-
propriate methods for each student based on previous 
sessions; Session 9. Teaching an integrated method 
based on previous methods; and Session 10. Review 
and summing up of previous sessions in a way that we 
assure that each student could detect his or her own 
appropriate learning method/s.

3. Results

The experimental and control group were matched 
with regard to their age, gender, and parents’ educa-
tional level. The average age of the two groups was 10 
years and 7 months. Table 1 presents the descriptive 
indices of both experimental and control groups for 
two stages of pre-test and post-test. 
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Covariance analysis is a comprehensive form of vari-
ance analysis, in which, by comparing the means of 
one or more groups and estimating one or more inde-
pendent variables, the effect of one or more control, 
interceptor, integer or covariate variables are excluded 
from the equation. In fact, this analysis is a statistical 
method that allows examining the effect of an indepen-
dent variable on the dependent variable, while eliminat-
ing the effect of another variable(s). However, the use 
of this test requires some assumptions, i.e. the normal 
distribution of variables and homogeneity of variance. 
In Tables 2 and 3, we assessed these two assumptions 
for our data.

After achieving the conditions of covariance test, you 
can see the results of multivariable covariance analy-
sis in Table 4. As mentioned in the study tools section, 
reading and dyslexia test has 10 subscales and Table 4 
presents the results of multivariable covariance analysis 
on the subscales. According to Table 1, the reading and 
dyslexia test scores of the experimental group increased 
in the post-test after the end of the intervention. The 
results of the Shapiro-Wilk tests in Table 2 show that 
achieved statistics at a significance level of 0.05 are not 
significant so the condition of the normality of data dis-
tribution is established. The results of the Levene’s tests 
in Table 3 show that the condition of homogeneity of 

variance of the data is established because the amount 
of F at significance level 0.05 is not significant.

The results of covariance analysis indicated that the 
educational package was significantly effective in the 
subscales of words reading, word chain, word compre-
hension, text comprehension, and naming of images at 
the significance level of 0.001. However, the education-
al package was not effective in other areas of reading, 
including rhyming, reading the non-words, removing 
the voices, marks of letters and words. Moreover, there 
was no significant difference between the experimental 
group and the control group.

4. Discussion

The results of covariance analysis indicated that the 
educational package was significantly effective in im-
proving the subscales of words reading, word chain, 
word comprehension, text comprehension, and nam-
ing of images. Therefore, the research hypothesis was 
confirmed. This finding is in line with the results of 
the research by Arjmandnia et al. (2012) and Murphy 
(2009) [30, 31]. 

According to them, using mentoring and educational 
intervention strategies in children with learning dis-
abilities can improve their educational performance. 

Table 1. The Mean±SD values of reading and dyslexia test results for the experimental and control groups 

Groups
Mean±SD

Experimental Group Index Control Group Index 

Pre-test 12.5±8.44 12.4±8.2

Post-test 19.2±7.41 13.41±11.25

Table 2. Normality test of reading performance score distribution

Shapiro-Wilk Test

Variable Group Statistic df Sig.

Reading performance
Experimental 0.90 30 0.30

Control 0.78 30 0.21

Table 3. Levene’s test result for testing variance homogeneity of the variables

Variable F df1 df2 Sig.

Reading performance 3.147 1 58 0.557
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Also, the results of this research are in agreement with 
the findings of studies carried out by Von Karolyi et al. 
(2003) and Chakravarty (2009) [17, 32]. It should be not-
ed that a significant amount of research has attributed 
the reading disorder to dysfunction in phonological pro-
cessing, particularly phonological awareness, pronun-
ciation impairment, impairment in selective storage, 
and manipulation of verbal information. However, it has 
been argued that both phonological processing and per-
formance impairment play a role in reading impairment.

Much research on the basic skills required in reading 
comprehension focuses on phonological awareness. 
Phonological awareness, such as the teaching of the de-
letion, addition, and substitution of syllables and pho-
nemes plays an important role in increasing the aware-

ness of the sounds of the language and the association 
of phonemic characters in dyslexic children [15]. In per-
ceptual dyslexia, the child tries deliberately each time to 
find the connection between the shape, the letters, the 
sound, and the concept, and since this connection does 
not become automated, the reading is done slowly and 
with repeated interruptions.

The child might encounter some problems such as fast 
reading, interruptions, pause on words, and repetitions 
that affect the speed and fluidity of reading. In linguistic 
dyslexia, the natural process of recognizing the form of 
the word and then converting it into sound and mean-
ing is not done naturally. In addition to phonological 
awareness, mental rotation as one of the spatial abili-
ties can be involved in reading learning. Given that ac-

Table 4. The results of multivariable covariance analysis on the subscales of reading performance of the experimental and control group

Statistical Indices Source df MS F Sig. Eta2 Power

Reading words 1 27.42 0.79 0.36 0.13 0.77

Word chain 1 4.21 42.2 0.36 0.001 0.52

Pr
e-

te
st

Rhymes 1 2343.02 0.86 0.34 0.34 0.53

Naming images 1 1234.03 48.3 0.49 0.39 0.97

Understand the text 1 139.43 2.32 0.12 0.56 0.78

Understanding the words 1 362.42 1.078 0.156 0.119 0.43

Removing the voices 1 131.42 0.71 0.41 0.35 0.59

Non-words 1 10.24 19.09 0.78 0.006 0.54

Marks of letters 1 0.49 12.19 0.001 0.26 0.49

Marks of words 1 0.87 2.56 0.11 0.34 0.61

Gr
ou

p

Reading words 1 6223.04 19.23 ٭0.001 0.51 0.98

Word chain 1 4641.3 26.79 ٭0.001 0.53 0.99

Rhymes 1 1140.05 2.31 0.13 0.12 0.63

Naming images 1 1029.03 3.31 ٭0.001 0.13 0.92

Text comprehension 1 5432.6 20.83 0.001 0.53 0.99

Word comprehension 1 1235.42 47.12 ٭0.001 0.78 0.99

Removing the voices 1 113.04 4.27 0.31 0.22 0.43

Non-words 1 1691.79 24.89 0.29 0.24 0.58

Marks of letters 1 4602.38 54.5 0.26 0.12 0.45

Marks of words 1 3202.01 34.3 0.41 0.22 0.41

 Statistically meaningful ٭
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tive memory is the source of information storage in the 
cognitive process, it can be said that mental rotation 
with a spatial nature represents the object and stores it 
in short-term memory. 

Active memory is a limited-capacity processing re-
source, which involves storing information while pro-
cessing other information, but dyslexic people have 
difficulty remembering this same limited amount. 
Dyslexia children experience active memory dysfunc-
tions and are weaker in active memory assignments. 
The results of the subtests showed that the educational 
intervention increased the performance of dyslexic stu-
dents in each of the subtests, including reading words, 
word chains, rhyming, naming images, understanding 
the text, understanding the words, removing the voic-
es (sounds), reading the non-words and pseudo-like 
words, letter mark, and wordmark. This finding is in line 
with the results of the studies carried out by Grady et al. 
(2015) and Mankinen et al. (2015) [33, 34]. 

These researchers found out that the memory-related 
brain activity increases after the educational interven-
tion. To explain these findings, it can be said that children 
must master a series of skills to be proficient in reading. 
These skills have neuro-psychological aspects and are 
acquired by experience, education, and learning.  Most 
children do these skills unconsciously, but children with 
dyslexia have difficulty in learning these skills and should 
be trained, so training interventions are the best way in 
this regard. In other explanations, given the fact that 
dyslexic children have difficulty in active memory, edu-
cational intervention can enhance the memory, which 
in turn can improve the quality of the child’s academic 
performance. In other words, verbal training and visu-
al-spatial training using shapes and letters for dyslexic 
students activate a part of the brain that is related to 
memory. This training enhance verbal and visual-spatial 
memory and subsequently improve the reading perfor-
mance in the student.

5. Conclusion

In this study, appropriate visual and audio training (us-
ing forms, letters, and numbers) was used to educate 
dyslexic students to read. In other words, memory en-
hancement as a prerequisite for neuro-psychological 
process improves reading performance in students. 
Based on the results of this study, it is suggested that 
researchers and educational staff find ways to increase 
students’ memory efficiency and activity. 

We also suggest that the results of this study be used 
in schools and teaching centers to help students learn 
the reading skills, also appropriate training courses be 
held to familiarize teachers with phonological aware-
ness training. It is also suggested that in future studies, 
the effectiveness of other spatial abilities such as spatial 
perception and spatial imagery be investigated on dys-
lexia and the results are compared with the findings of 
the present study. It is also recommended that, in ad-
dition to children suffering from dyslexia, children with 
dysgraphia and dyscalculia are studied and the results 
be compared with the findings of the present study.

Performing the study only on a sample of elementary 
schools students and only in 3 grades was one of our 
research limitations that affect external validity and 
generalization of the results to other populations. The 
other limitation relates to our time restraint that pre-
vents us to follow up on our results and checking their 
prolonged effects.
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