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Introduction

Developmental dyslexia are a specific neurodevelopmental 
learning disorder [1] estimated to affect 6-17% of the population 
[2]. They show unexpected difficulties in reading tasks if 
compared with their cognitive skills, age, intelligence, and level 
of education [3]. Dyslexia is characterized by word recognition 
and spelling deficits and recent research has also underscored 
that individuals with dyslexia, as opposed to control readers, 
exhibit difficulties in performing sequential procedural tasks 
and learning from feedback [4,5]. Over the years, evidence for 
difficulties among dyslexic readers in several systems relevant to 
reading has been accumulated. A wealth of studies suggests that 
the main source of their word decoding deficit lies in difficulties 
with the phonological system, which is responsible for the use 
of information of the sound structure of language for processing  
 

 
written and spoken language [4,5]. Much research on dyslexia 
demonstrated that it involves multiple cognitive-linguistic deficits; 
the majority of these studies focused on phonological processing, 
including phonological awareness, rapid automatized naming, 
and verbal short-term memory in most languages tested [6].

Neuroimaging research has revealed that reading is performed 
by a left-hemispheric network of frontal, temporoparietal and 
occipito-temporal cortical regions responsible for mapping visual 
(orthographic) information onto auditory (phonological) and 
conceptual (semantic) representations [7,8]. Intelligence, assessed 
with traditional IQ tests, has been heavily criticized as insufficient 
to account for individual differences in reading [9,10]. It has also 
been argued that when intelligence is operationalized in terms 
of cognitive processes it enhances our understanding of reading 
[11]. The purpose of this study was to examine the connection of 
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cognitive processes, namely Planning, Attention, Simultaneous, 
and Successive with reading disability. The PASS theory is 
operationalized in the Cognitive Assessment System (CAS) which 
is a measure of cognitive ability designed as an alternative to 
traditional intelligence measures. The CAS measures intelligence 
redefined as essential cognitive processes called PASS [12]. These 
processes were derived from Luria’s neuropsychological theory of 
brain functions. Luria postulated that there were three functional 
units of the brain. The first functional unit (i.e. brainstem and 
subcortical regions of the brain) was responsible for arousal 
and sustained attention. The second functional unit involved 
simultaneous and successive coding processes (i.e. central cortex 
region of the brain) and the third functional unit (i.e. frontal-lobe 
region of the brain) involved formulating, regulating, and verifying 
plans [13]. Based upon the work of Luria, Naglieri and Das defined 
intelligence using the PASS constructs and operationalized 
these processes in the CAS [14]. This theory takes the cognitive 
processing perspective of one’s abilities, which assumes that PASS 
processes are the basic cognitive functions that allow students to 
perform a variety of academic tasks [15].

Planning

This process provides the means to solve problems of 
varying complexity and may involve attention, simultaneous, and 
successive processes as well as knowledge and skills. Planning is 
central to all activities for which the individual has to determine 
how to solve a problem, including self-monitoring and impulse 
control as well as plan generation. Success on CAS Planning tests 
requires the child to develop a plan of action, evaluate the value 
of the method, monitor its effectiveness, revise or reject a plan 
to meet the demands of the task, and control the impulse to act 
without careful consideration. All of the CAS Planning subtests 
require the use of strategies for efficient performance and the 
application of these strategies to novel tasks of relatively reduced 
complexity.

Attention

Attention is a mental process by which the individual 
selectively focuses on particular stimuli while inhibiting responses 
to competing stimuli presented over time. All CAS tests included 
on the Attention scale demand focused, selective, sustained, 
and effortful activity. Focused attention involves directed 
concentration toward a particular activity, and selective attention 
is important for the inhibition of responses to distracting stimuli. 
Sustained attention refers to the variation of performance over 
time, which can be influenced by the different amount of effort 
required to solve the test. All CAS Attention subtests present 
children with competing demands on their attention and require 
sustained focus [16].

Simultaneous processing

Simultaneous Processing. Simultaneous processing allows the 
person to integrate separate stimuli into a whole or see parts as 

an interrelated group. An essential dimension of simultaneous 
processing is that all of the separate elements are interrelated 
into a whole. For this reason, simultaneous processing tests 
have strong spatial and logical aspects. The spatial aspect of 
simultaneous processing includes perception of stimuli as a whole 
as in a recognizable geometric design. Simultaneous processing 
is similarly involved in grammatical statements that demand 
the integration of words into a whole idea. This integration 
involves comprehension of word relationships, prepositions, and 
inflections so the person can obtain meaning based on the whole 
idea. Simultaneous processing tests in the CAS require integration 
of parts into a single whole and understanding of logical and 
grammatical relationships. These processes are used in tests that 
involve nonverbal and verbal content, and recall of the stimuli, but 
the essential ingredient is simultaneous processing.

Successive processing

The essence of successive processing is the organization 
of stimuli into a specific serial order that forms a chain-like 
progression. Successive processing is required when a person 
must arrange things in a strictly defined order, where each 
element is only related to those that precede it and these stimuli 
are not interrelated. Successive processing involves both the 
perception of stimuli in sequence and the formation of sounds 
and movements in order. For this reason, successive processing 
has strong sequential components and is involved with the syntax 
of language, for example. All CAS Successive tests demand use, 
repetition, or comprehension based on order [17].

Hypothesis

There is a correlation between some cognitive processes and 
reading disability.

Aim of the Study

This study aimed to demonstrate a correlation between some 
cognitive processes and reading disability.

Subjects and Methods

Participants

The sample for the current study consisted of 180 male 
students, who were divided into two groups:

A: group of the participants with reading disabilities: 
This group is formed from 90 males, whose intelligence quotients 
ranged between 90 and 110 on the abbreviated version of 
Wechsler Intelligence Scale for Children. They were selected 
from the institute of Psychiatry - Ain Shams University. The 
participants were diagnosed with Reading disabilities by a 
psychiatrist according to the Diagnostic and Statistical Manual of 
Mental Disorders, 5th ed. (DSM-V) criteria for reading disability. 
The participants were not suffering from any other behavioral or 
emotional disorders. The participants’ age ranged between 7 till 
15-year-old, with mean age 10.33 and Standard deviation 0.54. 
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They were enrolled in primary 2, 3, 4, 5, 6 and first preparatory 
grade till the third preparatory grade.

B: group of the participants with normal reading: This 
group is formed from 90 males whose intelligence quotients 
ranged between 90 and 110 on the abbreviated version of 
Wechsler Intelligence Scale for Children. They were selected from 

schools which are equal to the schools of the participants with 
reading disability. The participants were not suffering from any 
behavioral or emotional disorders. The participants’ age ranged 
between 7 till 15-year-old, with mean age 10.26 and Standard 
deviation 0.77. They were enrolled in primary 2, 3, 4, 5, 6 and first 
preparatory grade till the third preparatory grade (Table 1).

Table 1: The characteristics of the participants with reading disability and control.

Children with Reading Disability
N= 90

Normal Children
N= 90

M SD M SD

Age 10.33 0.54 10.26 0.77

IQ 100.10 3.40 100.13 3.05

Socio-economic level 24.20 3.48 23.86 4.25

The following conditions were considered while selecting the 
entire participants:

i. Normal senses.

ii. The absence of any medical diseases.

iii. The equality of the socio-economic level between the 
two groups.

iv. The equality of the educational system between the two 
groups.

v. The equality of students’ number in each educational 
grade between the two groups.

Tools

The sample studied was subjected to the following:

i. The abbreviated version of Wechsler Intelligence Scale 
for Children (WISC).

ii. Fahmy and El-Sherbini’s Social Classification Scale: 
participants were classified into social class 1, 2, 3, and 4 according 
to an Egyptian classification developed by Fahmy and El-Sherbini 
[18]. The classification is based on the following parameters: 
education of the father, education and work of the mother, income, 
crowding index, and sanitation.

iii. Reading Disability Battery (designed by the researcher)

The battery consists of 5 subtests which are

a. Word Recognition Test: The test consists of 45 items; 
each item is formed of a picture and 4 words. The participants 
are asked to point to the correct word that describes the picture 
above. Each item is presented for 10 seconds. 1 mark is given for 
each correct answer while the wrong answer is scored with 0. The 
height score that can be achieved is 45.

b. Word Reading Test: The test consists of 45 words 
which are gradually presented according to their difficulty. Each 

word is written on a card and the participant is asked to read 
the words clearly and loudly with consideration to the linguistic 
and the grammatical rules. Noting that each card is presented for 
5 seconds. The answers are rated from 0 – 2 according to their 
accuracy. The height score that can be achieved is 90.

c. Sentences Reading Test: The test consists of 36 
sentences which are gradually presented according to their 
difficulty. Each sentence is written on a card and the participant is 
asked to read the sentences clearly and loudly with consideration 
to the linguistic and the grammatical rules. Noting that each card 
is presented for 10 seconds. The answers are rated from 0 – 2 
according to their accuracy. The height score that can be achieved 
is 72.

d. Reading Comprehension Test: The test consists of 
4 passages which are gradually presented according to their 
difficulty. The participants are asked to read the passages then to 
answer 4 multiple choices questions that follow each passage. 1 
mark is given for each correct answer while the wrong answer is 
scored with 0. The height score that can be achieved is 16

e. Reading Disability Rating Scale: The scale consists of 
25 items that reflects different patterns of behaviors that Children 
with reading disabilities represent while reading. Parents are 
asked to read each item carefully and rate it according the severity 
of the reading disability. The Rating scale ranges from 1 to 5. 

The psychometric characteristics of the Reading 
Disability Battery

a. Validity: the validity sample consisted of 30 males with 
reading difficulties and 30 males with normal reading ability. 
The equality between the two groups in age, IQ, and the socio-
economic level were considered:

The validity was calculated by two ways:

Concepts validity: it was measured by the correlation between 
the score of each subtest and the full score that is derived from the 
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calculation of the entire reading subtests. The validity ratios are 
presented in the following table

The criterion validity it was measured by the correlation 

between the score of each subtest and the Reading Disability 
Rating Scale by Fathy Al Zayat, the validity ratios are presented in 
the following table (Table 2):

Table 2: Validity coefficients of the Reading disability tests for participants with Reading disability and participants with normal reading ability

Serial Test
Validity Rations

RD participants Normal Participants

1 Word Recognition 0.91 0.85

2 Word Reading 0.79 0.85

3 Sentences Reading 0.67 0.69

4 Reading Comprehension 0.78 0.85

The validity Ratios that are derived from both groups are mostly similar and fall in the moderate and the high range.

b. Reliability: It was measured through test- retest by 
linear Pearson correlation. The duration between the test and 

the retest ranged between 10- 15 days. The reliability ratios are 
illustrated in the following table (Tables 3 & 4).

Table 3: The correlation between the score of Reading subtest and the Reading Disability Rating Scale by Fathy Al Zayat.

Serial Test
Validity Rations

RD participants Normal Participants

1 Word Recognition 0.57** 0.60**

2 Word Reading 0.52* 0.64**

3 Sentences Reading 0.69** 0.71**

4 Reading Comprehension 0.75** 0.79**

The table reveals that the entire tests are moderately and highly correlated. Additionally, the validity Ratios that are derived from both groups are 
mostly similar.

Table 4: Test –retest reliability coefficients of the Reading disability tests for participants with Reading disability and participants with normal 
reading ability.

Serial Test
Reliability Rations

RD participants Normal Participants

1 Word Recognition 0.97 0.86

2 Word Reading 0.93 0.96

3 Sentences Reading 0.82 0.92

4 Reading Comprehension 0.91 0.95

The table reveals that the entire tests are highly reliable. Additionally, the Reliability Ratios that are derived from both groups are mostly similar.

Cognitive Assessment System (CAS)

The CAS is an individually administered test for children 
aged 5–17 years designed to measure four basic psychological 
processes. The CAS is organized according to the PASS theory 
and comprised of four scales: Planning, Attention, Simultaneous, 
and Successive, each set at a mean of 100 and S.D. of 15. The 
eight-subtest Basic Battery was used in this study. The CAS was 
standardized on a sample of 2200 children aged 5–17 years who 
were selected to reflect the demographics of the United States. 
The average Basic Battery reliability coefficients are as follows: 
Full Scale (.87), Planning (.85), Attention (.84), Simultaneous 
(.90), and Successive (.90) [19].

The CAS measures individual differences in cognition by 
examining the four distinct but interrelated cognitive processes 
articulated in the PASS theory of intelligence: planning, attention, 
simultaneous processing, and successive processing [20]. 
Components of the CAS battery reflect the distinction between (a) 
higher-order control processes used in planning and monitoring 
task performance (i.e., planning and attention) and (b) 
information-processing components that involve the movement 
of information through working memory (i.e., simultaneous and 
successive processing). For the present investigation we used the 
Basic Battery, which consists of two subtests for each of the four 
PASS cognitive processes. Planning subtests require individuals 
to engage in multiple self-regulatory processes such as creating, 
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applying, monitoring, and revising plans of action while solving 
novel tasks. The attention subtests require the detection of 
particular stimuli and the inhibition of responses to distracting 
stimuli. Simultaneous processing subtests require individuals 
to integrate separate stimuli into a conceptual group or whole. 
Successive processing subtests require individuals to comprehend 
meaning as it is derived from the order of information [21].

Data processing and statistical analysis

All data were recorded and entered into a statistical package 
on a compatible computer and varied. Analysis was carried out 
using an SPSS, version 21. The results were tabulated, grouped, 
and statistically analyzed using the following tests—Descriptive 
statistics (for quantitative data), as we used mean (X) and 
±SD, Chi – Square Tests for socio economic states, and person 
correlation. 

Results
There was no statistically significant difference in the social 

class between the two groups, with the majority of the children 
in the Dyslexic group in the middle social class (53.3%), and the 
majority of the participants in the control group also in the middle 
social class (50.3%), Chi – Square = 12.854 not significant.

Correlation between cognitive processes and reading 
skills

Pearson correlation coefficient was calculated between the 
four cognitive processes and reading skills to investigate the 
correlation of the four cognitive processes that are included in 
PASS theory and reading skills. The results reveal a significant 
correlation between planning and reading comprehension (.224*), 
and between successive process and word reading (236*), while 
there is no significant correlation between the other variables in 
the group of reading disability (Tables 5 & 6).

Table 5: Correlation coefficients between the cognitive processes and reading skills in the group of children with Reading disability.

Cognitive Processes Word Recognition Word Reading Sentences Reading Reading Comprehension

Planning .104 .183 .145 .224*

Simultaneous ,015 .105 .092 .015

Attention .063 .149 .093 .092

Successive .100 .236* .185 .090
The table reveals a significant correlation between planning and reading comprehension, and between successive process and word reading, 
while there is no significant correlation between the other variables.

Table 6: Correlation coefficients between the cognitive processes and reading skills in the group of normal readers.

Cognitive Processes Word Recognition Word Reading Sentences Reading Reading Comprehension

Planning .293** .325** .216* .317**

Simultaneous .057 .100 .031 .052

Attention .276** .167 .207* .243*

Successive .103 .120 .106 .169

The previous table reveals a significant correlation between 
planning, word recognition (.293**), word reading (.325**), 
sentences reading (216*) and reading comprehension (224*), in 
the group of normal readers. Additionally, it reveals significant 
correlation between attention, word recognition (.276**), 
sentences reading (.207*) and reading comprehension (.243*).

Discussion

The current study aimed to investigate the correlation between 
some cognitive processes, which are planning, simultaneous, 
attention and successive processes and reading skills, which are 
word recognition, word reading, sentences reading and reading 
comprehension, of the children with reading disability and normal 
readers. The results confirmed the hypotheses in the group of 
children with reading disability; as it was revealed a significant 
correlation between planning and reading comprehension, in 
addition to significant correlation between successive processes 
and word reading, while the results did not reveal any significant 
correlation between the other variables. On the other side, 

the results revealed a significant correlation among planning, 
word recognition, word reading, sentences reading and reading 
comprehension in the group of normal readers. Additionally, the 
results revealed significant correlation among attention, word 
recognition, sentences reading and reading comprehension.

These results may reflect that children with reading disability 
and normal readers rely on different cognitive processes during 
reading as it was revealed a significant correlation between 
planning and entire reading skills at normal readers, while 
planning was significantly correlated with reading comprehension 
only at the children with reading difficulties. This may indicate 
that children with reading difficulties rely on planning in severely 
difficulty tasks such as comprehension, while they may rely on 
other strategies in word recognition and word reading such as 
guessing. As for the absence of significant correlation between 
simultaneous process and reading skills it may due to the fact that 
the simultaneous process requires perceiving parts into a holistic 
manner, while most of the teaching methods in The Egyptian 
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Schools depend on restricted methods that only require on 
memorizing and rehearsal; which rely on the successive process. 
The second possible explanation for the absence of significant 
correlation between simultaneous process and reading skills may 
due to the fact that the simultaneous process is related with the 
performance intelligence scale in Wechsler scale for intelligence, 
while the successive process is related with the verbal intelligence 
in Wechsler scale for intelligence. Noting that the IQ variable was 
controlled by using Wechsler scale for intelligence, thus there 
were not significant correlations between the simultaneous and 
successive processes and reading skills in both groups.

The analysis of the simultaneous and the successive processes 
reveals that the successive processes -as it was assessed in 
the current study- rely on the auditory memory, while the 
simultaneous processes rely on the processing speed for visual 
information. On the contrary the researches indicate that the 
planning and attention are not included in traditional intelligence 
scales such as WISC, Thus it was found significant correlations 
between planning and all reading skills in the group of the 
normal readers, as well as the correlation between attention, 
word recognition, word reading, sentences reading, and reading 
comprehension, but there were no Arabic studies that can be 
followed in interpreting these results. Correlation between some 
cognitive processes, which are planning, simultaneous, attention 
and successive processes and reading disability, were supported 
by some findings from the literature.

Planning and attention have also been shown to correlate 
significantly with reading [24]. Planning has been related to 
reading decoding and reading comprehension in studies with 
elementary school-aged students and was reported to become 
more highly correlated with reading achievement as students 
matured [25; 26]. Ramey’s study with high school students also 
supported the importance of planning with a variety of reading 
tasks.

Conclusion

The aim of the present study was to investigate the 
Correlation between some cognitive processes, which are 
planning, simultaneous, attention and successive processes and 
reading disability. A sample of 180 Egyptian boys’ students from 
grade 2 to grade 9 participated in this study, including 90 students 
who have reading disability and 90 normal control, matched 
in age, socioeconomic states and IQ. They were administered 
with The Cognitive Assessment System (CAS), which was used 
to measure the planning–attention–simultaneous processing–
successive processing (PASS). The results revealed a significant 
correlation between planning and reading comprehension, in 
addition to significant correlation between successive processes 
and word reading, while the results did not reveal any significant 
correlation between the other variables. On the other side; 
the results revealed a significant correlation among planning, 
word recognition, word reading, sentences reading and reading 

comprehension in the group of normal readers. Additionally, the 
results revealed significant correlation among attention, word 
recognition, sentences reading and reading comprehension.

 

Strength and Limitations

Although our study was one of only a few to compare cognitive 
functions in children with reading disability and normal controls, 
our study was limited by the sample size; thus, caution should be 
exercised in generalization of the results of this study and more 
research should be carried out on larger samples to replicate these 
results. Another limitation of our study was that it was cross-
sectional in nature and although it helped identify associations, 
it was difficult to infer causality in relationships. A longitudinal 
study would help answer many questions in this area. It must also 
be taken into consideration that the study was conducted on a 
sample of males only, so it is difficult to generalize their results to 
the general public population.
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