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ABSTRACT:

Children diagnosed with dyslexia have been found to encounter significant 
challenges in reading skills compared to their peers. Existing literature ex-
amining dyslexia in children has sought to elucidate the cognitive model of 
reading as a skill and the development of reading abilities concerning typical 
readers of comparable age. This study aims to examine the effects of com-
puter-based multisensory reading training on the reading performance of 
students with dyslexia. To achieve this, a six-week intervention program was 
implemented, during which dyslexic students participated in multisensory 
reading activities three days a week. The primary focus of the research was to 
compare several key reading-related skills between students with dyslexia and 
their non-dyslexic peers. These skills included rapid automatized naming, the 
ability to read both meaningful and non-meaningful words, reading speed, 
reading comprehension, mechanical reading, and phonological awareness. 
The performance of dyslexic children (n = 170) and non-dyslexic children  
(n = 170) was assessed based on their scores in their native language. All par-
ticipants were in grades 1 to 4 of elementary school, with groups matched for 
grade level, age, and gender. This study reveals partial differences in rapid au-
tomatized naming and significant differences in phonological awareness be-
tween dyslexic and typically developing children. Dyslexic students demon-
strated improvement in word reading, particularly with both meaningful and 
meaningless words. However, a significant gap in reading comprehension was 
found, with typically developing students outperforming their dyslexic peers. 
Additionally, the study highlighted differences in reading speed, with typical-
ly developing students typically reading faster than dyslexic students. 
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INTRODUCTION

Dyslexia is a common reading disorder that affects a sig-
nificant proportion of school-age children and persists 
into adulthood, characterized by persistent difficulties 
with written materials (Marchesotti et al., 2020). It is 
a prevalent learning disability, affecting 5-17% of chil-
dren, with prevalence rates varying depending on its 
definition (Elliott & Grigorenko, 2014; Ozernov-Palchik 
& Gaab, 2016). Family studies suggest that dyslexia is 
hereditary, occurring in 68% of identical twins and 40-
60% of individuals with a first-degree relative who has 
dyslexia (Grigorenko, 2004).

The definition of dyslexia has evolved over the years, 
as there is no clear and universally agreed diagnostic cri-
terion (Rose, 2009; Snowling & Melby-Lervåg, 2016). 
However, it is essential to note that reading abilities in 
the general population follow a continuous distribution, 
and the “cutoffs” used to describe a person as “dyslexic” 
are arbitrary (Pennington, 2006). Furthermore, dyslexia 
is sometimes accompanied by other language disorders, 
such as Specific Language Impairment (SLI) (Bishop 
& Snowling, 2004; Melby-Lervåg & Lervåg, 2012), 
speech sound disorders (Pennington & Bishop, 2009), 
and Attention-Deficit/Hyperactivity Disorder (ADHD) 
(McGrath et al., 2011). In line with this, the American 
Psychiatric Association’s Diagnostic and Statistical Manu-
al of Mental Disorders – Fifth Edition (DSM-5; American 
Psychiatric Association, 2013) groups reading disorders 
(dyslexia), mathematical disorders, and procedural disor-
ders under a broader category of Specific Learning Dis-
order within the neurodevelopmental disorders section.

The complexity of learning to read and the challenges 
individuals face in this process play a crucial role in un-
derstanding dyslexia. Dyslexia is not merely limited to 
reading difficulties, but it also affects various aspects of 
language processing (Snowling & Melby-Lervåg, 2016). 
As such, it can be described as a learning disorder with 
significant implications for educational practices. Ear-
ly diagnosis and intervention are crucial for individuals 
with dyslexia, as the definition and diagnostic process 
directly influence the educational strategies employed. 
Tailored educational plans and support strategies are vi-
tal for effectively addressing the needs of students with 
dyslexia (Torgesen, 2000).

Educational interventions for students with dyslexia 
aim not only to improve reading skills but also to en-
hance the individual’s overall learning abilities. Ear-
ly interventions play a significant role in the academic 
success of individuals with dyslexia, enabling them to 

achieve greater success in their educational careers. Ad-
ditionally, societal perceptions and individual attitudes 
toward individuals with dyslexia play a significant role 
in shaping their experience. It is evident that dyslexia is 
not simply a challenge related to reading and writing but 
also involves broader life challenges and opportunities, 
influencing social interactions and personal development 
(Shaywitz & Shaywitz, 2005).

Reading requires the ability to decipher a phonetic 
code to understand the relationship between letters and 
sounds. Dyslexia is the expression of a particular prob-
lem in converting individual speech sounds (phonemes), 
such as the /s/ sound or /m/ sound, into written sym-
bols (graphemes). Children with dyslexia may also have 
trouble reading fluently, which can result in accurate but 
slow and tedious reading (Integra, 2009). Dyslexia, by 
definition, is a reading disorder that is difficult to dis-
appear completely (APA, 2013). Children with dyslexia 
experience difficulties with both reading accuracy and 
fluency, as well as spelling problems (Bates et al., 2007; 
Ehri, 2005; Tilanus et al., 2019).

Decades of research have confirmed that children 
with dyslexia experience significant difficulties in various 
aspects of reading, including fluent reading, speed and 
mechanical reading, reading comprehension, and phono-
logical awareness (Locascio et al., 2010). Fluent reading, 
reading speed, mechanical reading, reading comprehen-
sion, and phonological awareness are all interconnected 
components of the reading process. Fluent reading refers 
to the ability to read smoothly and efficiently without 
excessive effort, allowing the reader to focus on compre-
hension rather than decoding individual words (Kuhn  
& Stahl, 2003). This fluency is closely tied to reading 
speed, which measures how quickly one can read, and 
mechanical reading, which emphasizes the decoding of 
written symbols into spoken language (Perfetti, 1985). 
However, reading speed and mechanical reading alone do 
not guarantee understanding, as they must be paired with 
reading comprehension – the ability to interpret, analyze, 
and derive meaning from the text, which requires inte-
grating prior knowledge and cognitive skills (Snow, 2010).

Additionally, phonological awareness plays a founda-
tional role in all these processes, as it involves the abili-
ty to recognize and manipulate sounds at different lev-
els, such as phonemes and syllables, which are essential 
for decoding and understanding language (Stanovich, 
2000). Together, these concepts form the basis of pro-
ficient reading and influence one another in complex 
ways. Behavioral research suggests that these deficits are 
related to difficulties in executive functioning (Stanovich, 
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2000; Berninger et al., 2008), but no empirical study has 
identified which neural pathways may contribute to the 
reading comprehension deficits found in children with 
dyslexia. The reading comprehension deficits observed 
in children with dyslexia can help explain why reading 
comprehension is more challenging for them. Children 
with dyslexia often struggle with decoding words, which 
is a fundamental skill necessary for fluent reading. This 
difficulty in word recognition hampers their ability to 
focus on higher-level processes, such as understanding 
and interpreting the meaning of text (Shaywitz & Shay-
witz, 2005). As they spend more cognitive resources on 
decoding individual words, less attention is available for 
integrating information, making inferences, and retain-
ing key details from the text, all of which are essential 
components of reading comprehension (Snow, 2010).

Furthermore, phonological awareness, which is often 
impaired in individuals with dyslexia, plays a significant 
role in decoding and understanding written language, 
making it even harder for them to comprehend what 
they read (Stanovich, 2000). Therefore, the underlying 
deficits in decoding, phonological awareness, and fluency 
contribute to the challenges children with dyslexia face 
in achieving proficient reading comprehension. On the 
other hand, children with dyslexia exhibit deficiencies 
in their working memory, phonological awareness, and 
word-reading skills (Berninger et al., 2008; Swanson et 
al., 2009). Working memory affects both phonological 
awareness and word reading efficiency greatly (De Abreu 
et al., 2011; Christopher et al., 2012; Locascio et al., 
2010). According to studies, phonological awareness has 
a significant impact on word reading activity (Melby-Le-
rvåg et al., 2012), and phonological working memory is 
associated with word reading (Gathercole & Baddeley, 
2014; Knoop-van et al., 2018). Reading a text that is 
meaningful and contextually appropriate engages a va-
riety of complex cognitive and linguistic processes. The 
Simple View of Reading (SVR), as proposed by Gough 
and Tunmer (1986) and Hoover and Gough (1990), pos-
its that individual differences in reading comprehension 
are primarily explained by two core skills: word decoding 
(the ability to identify words in written text correctly) 
and language comprehension (such as the ability to un-
derstand spoken language). While this model has been 
influential in reading research, critics argue that it over-
simplifies the complex nature of reading comprehension 
by failing to consider other crucial cognitive processes, 
such as inference-making and the integration of back-
ground knowledge (Cain & Oakhill, 2011). Although 
decoding and language comprehension are related, they 

remain distinct and separable skills in the reading pro-
cess, with their combined effect accounting for much of 
the variability in reading comprehension performance 
across development (Catts et al., 2003; de Jong & van 
der Leij, 2002). This simplification of the reading process 
overlooks the broader cognitive mechanisms involved in 
understanding text, especially for individuals with dys-
lexia.

Crain and Shankweiler (1990) suggested that in-
dividuals with dyslexia experience slowed fluency and 
challenges in content analysis during reading, which sub-
sequently hinder their comprehension and negatively af-
fect their reading performance. As a result, children with 
dyslexia not only struggle with slower reading rates and 
less accuracy but also tend to use fewer reading compre-
hension strategies compared to their typically developing 
peers (Knoop-van Campen, 2022). This claim warrants 
further exploration—whether these deficits arise from 
a lack of instruction, cognitive overload, or other un-
derlying factors. Hoover and Gough (1990) argue that 
reading comprehension is a product of both language 
comprehension and analytical skills. As children become 
more proficient at decoding over time, they are better 
able to focus their cognitive resources on comprehension. 
However, this process extends beyond simple word rec-
ognition, involving the ability to understand words in 
the context of sentences and to derive new information 
from the text.

Moreover, reading comprehension also involves high-
er-order cognitive processes, such as making inferences, 
integrating prior knowledge, and monitoring for coher-
ence, which is essential for fully understanding the ma-
terial (Perfetti & Stafura, 2014). Expanding upon these 
elements provides a more nuanced view of the reading 
process, which is particularly relevant for children with 
dyslexia who often struggle with these complex cogni-
tive functions. Bridging these insights with the Simple 
View of Reading would offer a more comprehensive un-
derstanding of the challenges that children with dyslexia 
face in developing effective reading comprehension skills. 
In this context, children with dyslexia often receive audio 
support through the narration of written text to com-
pensate for their lack of accurate and fluent decoding. 
However, it is essential to specify whether this support 
leads to general improvements across all contexts or if its 
effectiveness depends on factors such as the child’s vocab-
ulary level or working memory capacity. Understanding 
the role of these individual differences in the efficacy of 
audio support can provide more targeted interventions, 
helping to better address the specific needs of children 
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with dyslexia in developing both decoding skills and 
higher-order cognitive processes crucial for reading com-
prehension.

Wood et al. (2018) conducted a meta-analysis on 
the effects of using text-to-speech (digital reading aloud 
in addition to written text) on general reading compre-
hension, showing that audio support has the potential 
to improve comprehension in children with decoding 
difficulties. According to Perfetti (1985) and Perfetti 
and Hart (2002), fluent reading and efficient written 
word recognition are essential prerequisites for achiev-
ing a good understanding of the text. According to their 
research, insufficient written word recognition has been 
shown to impact reading comprehension negatively. 
When individuals struggle to recognize words quickly 
and accurately, they expend more cognitive resources on 
the decoding process, leaving fewer cognitive resources 
available for higher-order tasks such as making infer-
ences, integrating background knowledge, and maintain-
ing coherence within the text. This reduced capacity for 
these essential comprehension processes can significantly 
hinder the overall understanding of the material being 
read (Perfetti, 1985). Rouweler et al. (2020) noted that 
text-reading fluency offers a more natural and ecological 
approach to assessing reading than word-reading fluen-
cy, as words are rarely read in isolation. For this reason, 
fluency at the paragraph and text levels is more critical 
in predicting reading comprehension, as it reflects a read-
er’s ability to process larger chunks of information and 
maintain coherence across sentences. While word-level 
fluency is crucial for basic decoding, fluency at the para-
graph and text levels enables better integration of ideas, 
supports inference-making, and enhances the ability to 
monitor and adjust comprehension in real-time (Brèthes 
et al., 2022). This higher-level fluency has been shown to 
correlate more strongly with overall reading comprehen-
sion skills, as it involves the complex cognitive processes 
needed to understand and retain the material being read. 
Another factor that can contribute to predicting both 
word reading and reading comprehension in students 
with dyslexia is vocabulary (van Setten et al., 2018). Na-
tion and Snowling (2004) demonstrated that, in addi-
tion to phonological skills, oral language skills, including 
vocabulary, serve as both simultaneous and longitudinal 
predictors for word reading and reading comprehension. 
This relationship may be reciprocal, as decreased reading 
experience resulting from dyslexia can lead to lower vo-
cabulary knowledge. For example, Snowling et al. (2007) 
revealed that advanced readers with dyslexia have lower 
vocabulary than those without dyslexia.

On the other hand, word decoding and recognition 
depend on phonological processing skills (Łockiewicz  
& Jaskulska, 2019). The primary phonological deficiency 
associated with dyslexia negatively impacts the specificity 
with which sounds are stored and recalled in words, as 
well as a person’s ability to manipulate sounds in words 
and connect sounds to letters to read words (Adlof  
& Hogan, 2018). There is a wealth of evidence showing 
that children with dyslexia generally perform poorly on 
tasks related to phonology, such as phoneme awareness, 
word and non-word repetition, and word recall (Velluti-
no et al., 2004). Phonological awareness, which refers to 
the ability to recognize and manipulate sounds in spoken 
language, is considered a critical skill for reading develop-
ment. However, phonological awareness is not the only 
factor influencing reading skills. Research has shown that 
rapid automated naming (RAN) and verbal short-term 
memory are also closely linked to reading fluency and 
comprehension. RAN, the ability to quickly name famil-
iar objects, colors, or numbers, is a significant predictor 
of reading fluency because it reflects the speed and effi-
ciency with which a person can access and process lin-
guistic information. This skill is essential for fluent read-
ing, as it enables readers to decode words and maintain 
a smooth reading flow efficiently.

However, there is an ongoing debate regarding wheth-
er RAN is an independent predictor of reading com-
prehension or if phonological processing skills, such as 
phoneme awareness, mediate its effects. Some researchers 
argue that RAN functions as a direct predictor of read-
ing abilities, while others suggest that its impact may be 
primarily a result of its relationship with phonological 
processing (Krasowicz-Kupis, 2008). 

Most of the current reading interventions described 
in the literature are short-term, classroom-based, and 
single-issue-oriented. However, according to Lovett et al. 
(2003), clinical interventions should holistically focus on 
all reading processes, including reading comprehension, 
mechanical reading, rapid automatic naming, phonolog-
ical awareness, and fluency, with a particular emphasis 
on the development of correct decoding skills. In this 
context, the present study aims to examine the reading 
performance of children with dyslexia and those without 
and to reveal the level of differentiation using a holistic 
approach. The multisensory approach, an alternative for 
improving literacy skills in children with dyslexia and 
other reading difficulties, posits that individuals benefit 
from learning, processing, and development in a mul-
tisensory environment (Birsh, 2006; NEC, 2008). The 
core premise of the Multisensory Structured Language 
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Programme (MSP) is that most individuals learn more 
effectively by engaging multiple senses during the learn-
ing process. Correspondingly, it is believed that the si-
multaneous activation of numerous sensory pathways en-
hances learning in children with dyslexia (NEC, 2008). 
Numerous studies have been conducted to examine the 
effectiveness of the multisensory approach in strength-
ening the learning abilities of students with dyslexia and 
other learning difficulties (Mostafa & Ghani, 2016; Saru-
din et al., 2019). In recent decades, educational technol-
ogies have advanced rapidly, and computer-based learn-
ing systems have shown potential in the field of special 
education. However, their effectiveness varies depending 
on the context and specific conditions (Lin et al., 2017). 
Research focusing on computer-based learning for stu-
dents with dyslexia has explored how this method can 
improve reading and writing skills. For instance, a study 
by Eroğlu et al. (2020) found that a multisensory com-
puter learning method improved the writing skills of in-
dividuals with dyslexia by strengthening their memory. 
Aside from Gharaibeh and Dukmak’s (2021) study, there 
has been little research exploring the effects of comput-
er-based multisensory learning approaches on reading 
skills in children with dyslexia.

METHODS

Study Design
In this study, a “quasi-experimental model with pretest-
post-test control group,” a subtype of authentic experi-
mental designs, was employed. This model can be used 
to estimate causal relationships in cases where random 
sampling is not feasible due to ethical or practical rea-
sons. In the present study, since random assignment of 
participants was not possible, this specific feature of the 
research design was utilized to reveal potential causal rela-
tionships (Büyüköztürk, 2011). Measurements were tak-
en from both typical readers and students diagnosed with 
dyslexia before and after the experimental procedure, and 
the results were subsequently compared. The participants 
in the experimental group participated in a  comput-
er-based, multisensory training program for three hours 
per week over a six-week period. This training methodol-
ogy, developed by the researchers, was explicitly designed 
to enhance reading performance by integrating Turkish 
reading materials. The duration of six weeks, with three 
hours of instruction per week, was informed by previous 
studies reporting measurable improvements in dyslexic 
learners following short-term, intensive interventions 
(e.g., Kast et al., 2007; Rello et al., 2015). These stud-

ies have shown that even short-term programs can yield 
gains in decoding and phonological awareness.

In this study’s application of the MSP, the texts uti-
lized were sourced from books recommended by the 
Turkish Ministry of National Education for primary 
school students. In selecting the texts used within the 
MSP, careful consideration was given to both the grade 
level and the learning profiles of the participating stu-
dents with dyslexia. Texts were sourced from books offi-
cially recommended by the Turkish Ministry of National 
Education for primary school students. Two sets of texts 
were curated: one suitable for typical readers and another 
adapted explicitly for students with dyslexia. The selec-
tion process was informed by expert evaluations in the 
fields of special education and Turkish language instruc-
tion. Readability levels were determined using the Ates-
man Readability Formula (Ateşman, 1997), and only 
those texts with moderate readability levels were included 
in the program. Thematically, the texts covered common 
topics aligned with the Turkish primary curriculum, such 
as daily life, nature, family, and school settings. The av-
erage word count of the selected texts ranged between 
120 and 180 words, ensuring that they were manageable 
within a single instructional session while still providing 
meaningful content exposure. This process ensured that 
all texts were pedagogically appropriate, cognitively ac-
cessible, and culturally relevant, aligning with national 
curriculum standards. 

An application program has been designed in ac-
cordance with the research framework. The program 
was grounded in a multisensory approach that actively 
engaged students diagnosed with dyslexia through the 
simultaneous use of visual, auditory, kinaesthetic, and 
tactile modalities during Turkish reading and writing 
activities. Specifically, the visual modality was supported 
through enlarged fonts, high-contrast backgrounds, and 
customizable font colors, allowing students to compose 
text using their preferred colors. Auditory input was 
provided via text-to-speech features, enabling students 
to hear words as they read or typed them, thereby re-
inforcing phonological awareness. Kinaesthetic engage-
ment was promoted by encouraging students to trace let-
ters and syllables with their fingers on a touch-sensitive 
screen, enhancing motor memory. Tactile feedback was 
integrated through keyboard interactions and option-
al stylus tracing, enabling students to experience letter 
forms through movement and touch physically.

When composing responses to reading tasks, students 
typed in their chosen colors, with each word appearing 
on the screen accordingly. This personalized color-coding 
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served as a visual anchor, strengthening word recognition 
and memory retention. The multisensory components 
were coherently integrated to maximize both student 
engagement and accessibility, in line with structured lit-
eracy principles and the Universal Design for Learning 
framework.

Furthermore, the program incorporated features of 
oral reading and auditory self-monitoring. As students 
read words aloud, their voices were recorded, enabling 
them to listen to and assess their pronunciation. While 
reviewing their recordings, students could compare their 
speech to the on-screen text, take notes on their reading 
style, and replay the recordings as needed to refine their 
pronunciation. This feedback loop promoted self-aware-
ness and incremental improvement.

Overall, the program was designed to facilitate the ac-
tivation of multiple sensory modalities within a comput-
er-based learning environment, with particular empha-
sis on auditory, visual, kinesthetic, and tactile channels. 
As students encountered words, sentences, or complete 
texts on the screen, the program provided auditory out-
put, supporting them in writing and repeating the words 
aloud. Voice commands and real-time feedback mecha-
nisms further enabled students to monitor the correct-
ness of their responses and adjust accordingly.

Participants
In Turkey, Guidance and Research Centres (GRCs) are 
responsible for organizing, delivering, coordinating, 
monitoring, and evaluating guidance, psychological 
counseling, and special education services at the provin-
cial or district level. These centers consist of two central 
departments: the Guidance and Psychological Counsel-
ling Services department and the Special Education Ser-
vices department (MoNE, 2020). The research group of 
the study consists of students who have been diagnosed 
with dyslexia by GRCs, as well as students who have not 

been diagnosed in this context. As a result, the research 
group includes 170 primary school children with dyslex-
ia and 170 typical readers from the district of Antalya in 
the 2023-2024 academic year. The main reason for deter-
mining the research group size in this way is the number 
of students diagnosed with dyslexia in the Antalya region 
of Turkey in 2023 (MoNE, 2023). The typical readers 
were randomly selected from schools attended by stu-
dents with dyslexia. In this way, the aim was to increase 
the similarity between the typical student group and the 
group diagnosed with dyslexia in terms of class level, en-
vironmental factors, and students’ socioeconomic status.

In the process of identifying dyslexia, various tests are 
administered at GRCs. These include intelligence tests 
such as the Wechsler Intelligence Scale for Children-Re-
vised (WISC-R), the Stanford-Binet Intelligence Scale, 
and the Leiter International Performance Scale (GRCs, 
2020). Additionally, the Learning Disability Test devel-
oped by the Ministry of National Education is used to as-
sess reading, writing, and mathematical skills, helping to 
identify students at risk of learning disabilities (MoNE, 
2020). However, the authority to diagnose dyslexia lies 
with child psychiatrists in public hospitals. GRCs eval-
uate students who exhibit signs of dyslexia, administer 
relevant tests, and refer them to child psychiatrists for 
further evaluation and diagnosis. This process involves 
collaboration with the students’ teachers and families to 
ensure a comprehensive assessment and guidance service 
(Özel, 2023).

Figure 1 shows that 34% (n=116) of the study group 
formed with girls, and 66% (n=224) of them were boys. 
In determining the grade level, typical students were se-
lected in parallel with those of the dyslexic students. In 
this direction, 30% (n=102) of the students were from 
the 1st grade, 10% (n=34) from the 2nd, 24% (n=82) 
from the 3rd, and 36% (n=122) from the 4th grade. 
While 50% (n=170) of the students participating in the 
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research were dyslexic students, the other half were typi-
cal readers. The unequal distribution of groups in terms 
of grade and sex, despite matching in terms of special 
needs/dyslexia diagnosis, is related to the random assign-
ment of students who have already been diagnosed with 
dyslexia (Figure 1).

Data Collection Tool
Reading performances of students with and without 

dyslexia were examined in six subgroups: Reading words 
(meaningful and meaningless), reading speed, reading 
comprehension, mechanical reading, rapid automatic 
naming, and finally, phonological awareness.

The Word Reading Knowledge Test (KOBİT) is an in-
dividually administered assessment tool designed to eval-
uate the word reading skills of children aged 6 to 11, 
taking into account the grammatical and phonological 
features of the Turkish language (Babür et al., 2016).

The test consists of two subtests: one composed of 
real (meaningful) words and the other of pseudowords 
(nonsense words). Each subtest has two parallel forms 
(Forms A and B). The real-word subtest assesses the auto-
matic recognition and decoding of familiar words, while 
the pseudoword subtest evaluates the child’s phonetic 
decoding skills when confronted with unfamiliar word 
forms. During the administration, students are asked to 
read aloud as many words as possible from a list within 
60 seconds. 

There are 104 words in the meaningful word list. The 
nonsense word test, which is another subtest, measures 
the phonological coding knowledge that the student uses 
when reading unfamiliar words. This one consists of 63 
non-words. In addition, this subtest has a parallel form 
with equivalent features. The student is asked to read 
the words in the list correctly, quickly, and aloud with-
in a minute. The important thing here is the number of 
words read correctly in 1-minute. 

KOBİT has demonstrated strong reliability and va-
lidity indicators. The internal consistency coefficients 
(Cronbach’s alpha) ranged from .975 to .979 for the re-
al-word subtest and from .930 to .946 for the pseudoword 
subtest. In terms of content validity, the test was devel-
oped based on Turkish word frequency lists and syllable 
structure, ensuring coverage of a wide range of lexical 
and phonological items. Construct validity was support-
ed by high inter-correlations between the subtests and 
total scores (r = .90–.97). These findings provide robust 
evidence that KOBİT is a reliable and valid tool for as-
sessing word reading efficiency and identifying potential 
reading difficulties among early readers in Turkish.

Reading Speed: This scale was designed by researchers 
to determine students’ reading speed. The scale consists 
of a sample reading text and a total of five separate read-
ing texts, each prepared according to a specific grade level 
(1st-4th grade). While preparing the reading texts, a text 
pool was created by selecting texts from the textbooks 
provided to students by the state that were suitable for 
the students’ level. Target texts ideal for each grade level 
were developed by taking into account the opinions of 
three classroom teachers, two field expert academicians, 
and one language expert on the selected texts. While pre-
paring the texts, the subject, sentence structure, word 
choice, sentence length, and letter size and shape were 
taken into consideration. During the application, the 
number of words correctly read by the child per minute, 
reading errors, and corrections were noted.

Reading Comprehension: In the study, narrative and 
informative texts suitable for each grade level were select-
ed to determine students’ reading comprehension levels. 
While selecting eight texts in total, the Ministry of Ed-
ucation’s Turkish textbook was used as a reference, and 
a text pool was created. These determined texts were se-
lected based on the opinions of three classroom teachers, 
two field expert academicians, and one language expert, 
resulting in two texts suitable for each grade level. The 
questions to be used to determine the reading compre-
hension levels of the students were prepared based on 
the reading comprehension achievements in the Turkish 
Curriculum. Multiple choice questions were used as the 
question type. An application was conducted with 200 
students to analyze the prepared 20-question tests. In 
item analysis, the difficulty and discrimination indices of 
each item were calculated. Items with a discrimination 
index below .30 were excluded from the test. In addition 
to the discriminatory power of the items, whether there 
was a significant difference between the lower and upper 
27% slices were determined by a t-test for independent 
groups. As a result, it was determined that eight items 
were not suitable for the student group, and after remov-
ing them from the test, 12 items remained.

Rapid Auto Naming: The Turkish adaptation of the 
Rapid Automatized Naming (RAN) (HOTIT) Test, de-
veloped by Wolf and Denckla (2005), was administered 
to a sample of 277 Turkish children aged 5 to 10 years. 
The test comprises four subtests: Objects, Colors, Num-
bers, and Letters, each designed to assess the speed and 
accuracy of naming familiar visual stimuli. Each subtest 
was presented on a separate card, with five symbols ar-
ranged in a shuffled sequence that was repeated 10 times. 
The HOTIT Pictures card features images of objects 
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that are highly familiar to children. On the HOTIT 
Colors card, the colors “black, blue, green, red, yellow” 
are mixed; on the HOTIT Numbers card, the numbers  
“2, 4, 6, 7, 9” and on the HOTIT Letters card, the letters 
“b, k, m, s, t” are mixed, arranged in sequence and repeat-
ed ten times. In this test, the child is asked to recite the 
items on the card accurately and quickly, without skip-
ping or missing any. In each subtest, the tester determines 
the child’s performance in total minutes and seconds by 
keeping time with a stopwatch. During the application, 
any corrections and errors made by the child are noted. 
If the child pauses and appears unsure of what to do, 
the tester can instruct the child to start over again (Bakır  
& Babür, 2018).

Reliability analyses yielded strong results. Test-retest 
reliability coefficients, measured over a two-week inter-
val with a subsample of 79 children, ranged from .85 
to .95 across the subtests. Interrater reliability was also 
very high, with Pearson correlation coefficients ranging 
from .99 to 1.00, indicating excellent agreement be-
tween independent scorers. Validity evidence was pro-
vided through multiple approaches. Content validity 
was ensured through expert review and pilot testing to 
confirm the appropriateness, recognizability, and cultural 
relevance of the symbols used. Significant intercorrela-
tions demonstrated construct validity among the subtests  
(r = .67–.83), strong negative correlations with chrono-
logical age (indicating developmental sensitivity), and 
significant negative correlations with oral reading fluency 
(r = –.55 to –.70), which supports the theoretical link 
between naming speed and reading ability.

Phonological Awareness: The phonological awareness 
test was developed by Karakelle (1998) to measure the lev-
el of phonological awareness. It consists of 4 sub-dimen-
sions: rhyme recognition, phoneme deduction, phoneme 
combining, and syllable combining. The first sub-dimen-
sion of the phonological awareness test is rhyme recog-
nition. Ten items were used for this measurement. Each 
item consists of 4 words, 1 of which is necessary, and the 
other three are selective. The subject was asked to recog-
nize the word that rhymed with the first spoken word out 
of the last three words. All the words are real three-letter 
words. Phoneme decrement is the second sub-dimension 
of the test. For this measurement, 10 items were used. 
The words consist of 4 or 5-letter and 2-syllable words 
that have meaning even after the last letter is dropped in 
Turkish. The subject was asked to repeat the word said by 
the practitioner after omitting the last sound. The third 
sub-dimension of the test is combining phonemes. Ten 
items used for this measurement are real words with 2, 3, 

or 4 letters and 1 or 2 syllables. The students uttered the 
sounds that make up the words one by one, and the sub-
ject was asked to say which word was formed when these 
sounds were combined. The last sub-dimension is sylla-
ble consolidation. Ten items in this sub-dimension con-
sist of real words with 4, 5, 6 letters, 2, and 3 syllables. 
The students said the syllables that make up the word one 
by one and asked to say which word was formed when 
these syllables were combined.

All tests were administered individually in a qui-
et, distraction-free room within the school premises, 
outside the regular classroom environment, to ensure 
controlled conditions. The assessments were conduct-
ed during regular school hours in April and May, with 
necessary permissions obtained from school administra-
tions and classroom teachers. Each child participated in 
the study individually, and the full testing session lasted 
approximately 50 to 60 minutes per student. The tests 
were administered by a team of trained graduate-level re-
searchers, all of whom received standardized training on 
the implementation and scoring procedures of each as-
sessment tool before data collection. At the beginning of 
each session, participants were informed about the tasks 
in a language that was age appropriate. They were first 
given practice items, when necessary (especially for HO-
TIT and KOBIT), to ensure they were familiar with the 
format and stimuli. During timed tasks such as HOTIT, 
KOBIT, and the reading speed test, the examiner used 
a stopwatch to record the child’s performance, noting all 
errors and corrections. For the RAN (HOTIT) and KO-
BİT tests, if a child had difficulty identifying the practice 
items (e.g., unfamiliarity with pictures, letters, or words), 
the corresponding subtest was not administered. In all 
other tasks, children were encouraged to perform to the 
best of their abilities without pressure.

Data Analysis
Before performing inferential statistics, the normality of 
the data was assessed using the Shapiro-Wilk test. For 
most variables, the assumption of normal distribution 
was met (e.g., Rapid Auto-Naming - Mistakes (Typical): 
W = 0.996, p = .950; Word Reading - Meaningful (Pre): 
W = 0.992, p = .505). One exception was found in the 
Word Reading - Meaningless (Post) scores of the dyslexia 
group (W = 0.980, p = .016), suggesting a minor devia-
tion from normality. 

However, given the robustness of the independent 
samples t-test in large samples (n = 170 per group), all 
analyses proceeded with parametric methods. Descrip-
tive statistics (mean, standard deviation, minimum, 
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maximum, and range) were reported for each variable. 
To compare the two independent groups (students with 
dyslexia and typical readers), independent samples t-tests 
were conducted across the following domains: Rapid 
Automatic Naming (pre- and post-tests), Phonological 
Awareness (six sub-dimensions), Word Reading (mean-
ingful and meaningless, pre- and post-tests), Reading 
Comprehension (pre- and post-tests), Reading Speed (pre- 
and post-tests). In addition to statistical significance  
(p values), Cohen’s d was calculated to assess the effect 
size of group differences, categorized as small (0.2), me-
dium (0.5), and large (0.8). For instance, large to very 
large effects were observed in Division into Syllables  
(d = 1.94), Word Reading–Meaningful (d = 2.48), and 
Reading Comprehension (d = 2.35). 

When multiple comparisons were made within the 
same domain (e.g., six subtests of phonological aware-
ness), a Bonferroni correction was applied to reduce 
the risk of Type I error. The adjusted alpha level was set 
at p < .0083. Statistical significance was considered at 
p < .05, unless adjusted, and the results are presented in 
the following sections, along with full details on test sta-
tistics and effect sizes.

RESULTS

In this part of the research, the sub-problems were ad-
dressed by analyzing the findings and interpreting them.

Rapid Auto-Naming Skill
Before conducting the t-tests, the normality of the data 
was confirmed using the Shapiro-Wilk test, and no signif-
icant deviations were found (p > .05 for all comparisons). 
Additionally, Levene’s Test for Equality of Variances in-
dicated homogeneity of variances (p > .05). Therefore, 
parametric tests were deemed appropriate. 

Table 1 presents the results of the independent sam-
ples t-test for the rapid automatic naming skill. A sig-
nificant difference was observed in the number of mis-
takes during the pre-test between students with dyslexia  
(M = 1.90, SD = 2.69) and typical readers (M = 0.06,  
SD = 0.17), t(9.09) = 16.00, p < .001, d = -0.97, indicat-
ing a large effect size. No significant difference was found 
in the coding speed, t(13.40) = 2.04, p = .06, d = 0.94. 

In the post-test, the difference in the number of mis-
takes was no longer significant, t(8.07) = 11.00, p = .125, 
d = -0.10. Similarly, there was no significant difference 
in coding speed, t(15.30) = 2.82, p = .150, d = 0.84. 
These findings suggest that the intervention may have 
had a positive impact on reducing error rates among stu-
dents with dyslexia.

Phonological awareness skills
The assumption of normality was verified through the 
Shapiro-Wilk test (p> .05), and Levene’s test confirmed 
the homogeneity of variances for all comparisons. Thus, 
independent samples t-tests were conducted across six 
phonological subskills. In Table 2, phonological aware-
ness skills consisting of 6 sub-dimensions of students 
with dyslexia and students at typical reading levels were 
examined. Post-test results revealed no significant differ-
ences between groups in Rhyme Recognition, (t(21.10) = 
1.56, p = .125, d = 0.50) or Phoneme Deletion, (t(21.80) = 
2.80, p = .058, d = 0.89). However, significant differences 
emerged in: Phoneme Collation, t(20) = 3.22, p = .003  
(d = 1.02); Syllable Collation, t(19.50) = 3.33, p = .002, 
(d = 1.06); Division into Phonemes, t(19) = 4.69, p < .001, 
(d = 1.49); Division into Syllables, t(19) = 6.14, p < .001, 
(d = 1.94). These results indicate that students with dys-
lexia demonstrated significantly lower performance than 
their typical peers in several core phonological awareness 
skills, with effect sizes ranging from large to very large.

Table 1. T-test results for the rapid auto-naming scores of the study group

Tests Sub Test Group N M t  SD p Cohen’s d

Pre experimental Numberof Mistakes Typical 170 0.06 16 9.09 0.001 -0.97

Dyslexia 170 1.9

Coding Speed Typical 170 41.65 2.04 13.4 .06 0.94

Dyslexia 170 29.50

Post-experimental Numberof Mistakes Typical 170 0.06 11 8.07 0.125 -0.1

Dyslexia 170 0.08

Coding Speed Typical 170 45.20 2.82 15.3 0.150 0.84

Dyslexia 170 37.78
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Reading Skills with Words 
(Meaningful and Meaningless)
When Table 3 is examined, it is seen that students with 
dyslexia differ significantly in word reading skills in both 
sub-dimensions compared to students at typical reading 
levels. All assumptions for t-tests were met. In the pre-
test, typical readers significantly outperformed students 
with dyslexia in Reading Meaningful Words, t(38) = 7.83, 
p < .001, (d = 2.48); Reading Meaningless Words:  
t(38) = 5.58, p < .001, (d = 1.77). In the post-test, al-
though the performance gap decreased, the differences 
were not statistically significant: Reading Meaningful 
Words, t(20.30) = 4.40, p = .075, (d = 0.58); Reading 
Meaningless Words, t(15.40) = 3.76, p = .576, (d = 0.31). 
These findings suggest a moderate reduction in group 
differences following the intervention, particularly in the 
reading of meaningful words.

Reading Comprehension
Table 4 presents Pre-test results that indicated a signif-
icant difference in reading comprehension scores, with 
typical readers (M = 86, SD = 21.81) outperforming stu-
dents with dyslexia (M=41, SD = 20.67), t(37.89) = 6.85, 
p< .001, d = 2.12. In this case, it is possible to say that 
typical readers and students with dyslexia differ also in 
their reading comprehension skills. Post-test results did 
not show a significant difference between groups, t(9.45) 
= 2.34, p = .145, d = 2.35. Despite statistical insignifi-
cance, the very large effect size implies a continued prac-
tical gap between groups. This indicates a clear initial gap 
between the two groups in reading comprehension.

Reading Speed
According to Table 5, before the experimental procedure, 
a significant difference was observed between the arith-

Table 3. T-test results of the study group’s vocabulary reading skill scores

Tests Sub Test Group N M t SD p Cohen’s d

Pre experimental Meaningful Typical 170 89.8 7.83 38 0.000 2.48

Dyslexia 170 57.8

Meaningless Typical 170 79.9 5.58 38 0.000 1.77

Dyslexia 170 54.2

Post-experimental Meaningful Typical 170 90.3 4.4 20.3 0.075 0.58

Dyslexia 170 81.6

Meaningless Typical 170 81.1 3.76 15.4 0.576 0.31

Dyslexia 170 76.6

Table 2. Post-experimental T-test results of the study group’s phonological awareness

Variables Sub Test Group N M t SD p Cohen’s d

Phonological 
Awareness

Rhyme Recognition Typical 170 9.1 1.56 21.1 0.125 0.5

Dyslexia 170 7.8

Phoneme Deletion Typical 170 9.3 2.80 21.8 0.058 0.89

Dyslexia 170 7.1

Phoneme Collation Typical 170 9.7 3.22 20 0.003 1.02

Dyslexia 170 7.6

Syllable Collation Typical 170 9.8 3.33 19.5 0.002 1.06

Dyslexia 170 7.2

Division into Phonemes Typical 170 10 4.69 19 0.000 1.49

Dyslexia 170 4.8

Division into Syllables Typical 170 10 6.14 19 0.000 1.94

Dyslexia 170 3.6
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metic mean of reading speed skills for typical students 
(M = 76) and that of students with dyslexia (M = 30)  
(t [37.89] = 6.85; p < 0.05). At pre-test, typical students 
read significantly faster (M = 76, SD = 15.35) than stu-
dents with dyslexia (M = 30, SD = 30.59), t(38) = 5.88,  
p < .001, d = 1.90. This pattern remained at post-test, 
with typical readers (M = 82, SD = 13.54) again outper-
forming students with dyslexia (M = 42, SD = 28.80), 
t(34) = 4.66, p = .002, d = 1.78. These results reflect a per-
sistent and substantial performance gap in reading speed.

DISCUSSION

The findings of this study reveal partial differences in the 
rapid automatic naming skills of dyslexic and typically 
developing children. The results showed that students 
with dyslexia made significantly more errors, although no 
significant difference was found in coding speed between 
the two groups. This suggests that the intervention, spe-
cifically the MSP, positively impacted the reduction of 
errors in dyslexic students; however, it did not influence 
their coding speed. These findings align with previous re-
search (Lin et al., 2017; Guan et al., 2020), which shows 
that coding speed remained stable while error rates im-
proved with targeted interventions.

In terms of phonological awareness, this study found 
no significant differences between the two groups in 
rhyme recognition and phoneme deletion sub-skills. 
However, the considerable difference in phoneme blend-
ing, syllable blending, and segmentation tasks suggests 
that the intervention had a limited impact on these skills 
in students with dyslexia. The fact that the gap in seg-

mentation remained post-intervention (as seen in the Di-
vision of Phonemes and Division into Syllables) points 
to the need for more focused instructional methods to 
address these specific phonological challenges (Godfrey 
et al., 1981; Goswami, 2015). According to Zoubri-
netzky et al. (2016), phonological awareness deficits in 
dyslexic children are marked by reduced sensitivity to 
phonemic boundary differences and increased sensitivi-
ty to allophonic variations. This discrepancy impairs the 
robustness of phonemic representations, thus hindering 
the acquisition of reading skills in children with dyslexia.

Significant differences were also found in word-read-
ing abilities, particularly in the reading of both mean-
ingful and meaningless words. While typical students 
outperformed dyslexic students in both categories, the 
intervention’s ability to close this gap is notable. Fol-
lowing the intervention, no significant differences were 
found between the groups, indicating that the meth-
od employed successfully improved the word reading 
abilities of dyslexic students, both for meaningful and 
non-meaningful words. This result aligns with findings 
from Meyler and Breznitz (2005) and Jones et al. (2013), 
who observed improvements in word reading with target-
ed interventions, even among struggling readers. Kirkby 
et al. (2022) emphasize that proficient reading depends 
on the reader’s ability to quickly and accurately identi-
fy orthographic patterns and their corresponding pho-
nological matches. Dyslexic students, however, struggle 
with these processes, resulting in slower and less efficient 
word reading.

The findings of our study indicate that students di-
agnosed with dyslexia exhibited significant differences 

 Table 4. T-test results of the study group’s reading comprehension scores

Tests Group N M t SD p Cohen’s d

Pre experimental Typical 170 86 6.85 37.89 0.000 2.12

Dyslexia 170 41

Post experimental Typical 170 76 2.34 9.45 0.145 2.35

Dyslexia 170 62

Table 5. T-test results regarding the study group’s reading speed scores

Tests Group N M t SD p Cohen’s d

Pre experimental Typical 170 76 5.88 38 0.000 1.9

Dyslexia 170 30

Post experimental Typical 170 82 4.66 34 0.002 1.78

Dyslexia 170 42
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compared to typically developing readers in areas such 
as rapid automatized naming, phonological awareness, 
word reading, reading comprehension, and reading flu-
ency—both before and after the intervention. However, 
post-intervention assessments revealed that these differ-
ences had considerably diminished, and in some sub-
tests, they were no longer statistically significant. These 
outcomes suggest that the educational intervention had 
a positive impact on the reading skills of students with 
dyslexia.

When compared with the study conducted by Ransby 
and Lee Swanson (2003), both studies emphasize the in-
fluence of cognitive processes such as phonological pro-
cessing, naming speed, and working memory on read-
ing comprehension. However, Ransby and Lee Swanson 
(2003) found that adults with a childhood diagnosis of 
dyslexia continued to experience persistent difficulties in 
reading comprehension, which were associated not only 
with lower-level skills, such as phonological processing, 
but also with higher-order processes, including general 
knowledge, vocabulary, and listening comprehension.

In this respect, the intervention employed in our 
study may have contributed to improvements in both 
lower-level skills (e.g., phonological awareness, naming 
speed) and higher-order processes. Clarifying which spe-
cific components of the intervention led to these gains is 
essential. The MSP program integrated structured strat-
egies, such as explicit phonics instruction, along with 
increased exposure to learning materials. Therefore, it re-
mains unclear whether the observed improvements were 
primarily driven by phonics-based instruction that facil-
itated phonological awareness or by enhanced linguistic 
input provided through visual materials. Nevertheless, 
the significant improvements observed in phonological 
awareness—particularly in phoneme blending, syllable 
segmentation, and phoneme isolation—suggest that ex-
plicit phonics instruction played a critical role.

On the other hand, gains in word reading and read-
ing fluency may have also been supported by the broader 
application of skills encouraged through the MSP pro-
gram. According to Ransby and Lee Swanson (2003), 
difficulties in word recognition can constrain reading 
comprehension, as posited by the verbal efficiency the-
ory (Perfetti, 1985). This theory posits that if lower-lev-
el processes are inefficient, more cognitive resources are 
consumed during decoding, resulting in fewer resources 
available for comprehension. Our findings appear to sup-
port this framework, as the improvements in phonolog-
ical awareness and naming speed were accompanied by 
notable gains in reading comprehension among students 

with dyslexia. However, despite the post-intervention 
reduction in some statistical differences, the mean per-
formance gap between dyslexic and typically developing 
students persisted across several measures. This suggests 
that, although the intervention was effective, specific 
cognitive and linguistic deficits may require more pro-
longed, intensive, and individualized support.

In conclusion, our study emphasizes the significance 
of components such as phonological awareness, naming 
speed, and explicit phonics instruction in improving the 
reading skills of students with dyslexia. When consid-
ered alongside the findings of Ransby and Lee Swanson 
(2003), it becomes evident that effective interventions 
must support not only phonological processing but also 
higher-order cognitive functions. Future research should 
aim to disentangle the specific contributions of each in-
tervention component to different aspects of reading de-
velopment.

Finally, the study addressed differences in reading 
speed, where typically developing students outperformed 
their dyslexic peers. The persistence of the reading speed 
gap after the intervention suggests that while the meth-
od improved accuracy and comprehension, it was less 
effective in increasing reading speed. This highlights the 
complexity of reading fluency development in dyslexic 
learners, as noted by Richlan (2019) and van Rijthoven 
et al. (2022). According to Perfetti’s (2007) lexical quality 
hypothesis, reading fluency is the result of well-formed 
phonological, semantic, and orthographic representa-
tions. Dyslexic children, however, struggle with forming 
such high-quality representations due to phonological 
deficits, which in turn severely impair their reading speed 
and fluency.

The findings of this study suggest several practical 
implications for special educators and classroom practi-
tioners. Firstly, educators should prioritize accuracy over 
speed in the early stages of intervention for students with 
dyslexia. The intervention significantly improved reading 
accuracy and comprehension but did not fully close the 
gap in reading speed. This aligns with the lexical quality 
hypothesis, which posits that accurate and well-formed 
phonological and orthographic representations are foun-
dational to reading fluency. Consequently, instructional 
programs should focus on strengthening decoding skills 
and phonological awareness before emphasizing speed.

In terms of scaffolding strategies, multisensory in-
structional approaches should be systematically integrat-
ed into literacy instruction to enhance student learning. 
The results indicate that interventions incorporating vi-
sual (color coding, large fonts), auditory (text-to-speech, 
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oral reading), kinaesthetic (tracing letters), and tactile 
(stylus feedback) modalities supported both phonologi-
cal processing and self-monitoring. These strategies help 
learners form stronger phoneme–grapheme connections, 
enhance their involvement in working memory, and fos-
ter self-correction habits.

Moreover, educators can enhance reading compre-
hension in students with dyslexia by embedding oral 
feedback loops into reading activities. Allowing students 
to listen to their own recordings while following the text 
promotes metacognitive awareness and supports the de-
velopment of reading fluency and self-evaluation skills. 
Finally, digital learning materials should be designed to 
respond across multiple sensory modalities, offering re-
al-time feedback and reinforcing phonological and se-
mantic links in reading. These insights underscore the 
necessity of individualized, explicit, and sustained in-

struction, particularly for students who continue to ex-
hibit performance gaps after intervention.

ETHICAL APPROVAL STATEMENT

The ethical approval required for conducting this research was 

obtained from the Social and Humanities Ethics Committee 

of Alanya Alaaddin Keykubat University (Approval Number: 

E-70561447-050.04-186075; Document Date and Number: 

May 31, 2024). To avoid any ethical violations, informed con-

sent was obtained from both the children and their parents 

through a written consent form.

ACKNOWLEDGEMENTS

The authors declare that they have no potential conflicts of in-

terest.

FUNDING

None

REFERENCES

Adlof, S. M., & Hogan, T. P. (2018). Understanding dyslexia in the context of developmental language disorders. Language, 

Speech, and Hearing Services in Schools, 49(4), 762–773. https://doi.org/10.1044/2018_LSHSS-DYSLC-18-0049

APA, (2013). Diagnostic and statistical manual of mental disorders (5th ed.). American Psychiatric Association. https://www.dsm5.org

Ateşman, E. (1997). Türkçede okunabilirliğin ölçülmesi [Measuring readability in Turkey]. Dil Dergisi, 58, 71–74.

Babür, N., Haznedar, B., Erçetin, G., Özerman, D., & others. (2016). Türkçe’de Kelime Okuma Bilgisi Testi’nin (KOBİT) Geliştirilmesi 

[The development of a Word Reading Knowledge Test (KOBİT) in Turkey]. Boğaziçi University Journal of Education, 28(2), 1–21. 

Bakır, F. H., & Babür, N. (2018). Adaptation of the Rapid Automatic Naming Test into Turkish. Boğaziçi University Journal of Edu-

cation, 35(2), 35–51.

Bates, T. C., Castles, A., Luciano, M., Wright, M. J., Coltheart, M., & Martin, G. (2007). Genetic and environmental bases of read-

ing and spelling: A unified genetic dual route model. Reading and Writing, 20, 147–171.

Berninger, V. W., Raskind, W., Richards, T., Abbott, R., & Stock, P. (2008). A multidisciplinary approach to understanding de-

velopmental dyslexia within working-memory architecture: Genotypes, phenotypes, brain, and instruction. Developmental 

Neuropsychology, 33, 707–744. https://doi.org/10.1080/87565640802418662

Brèthes, H., Cavalli, E., Denis-Noël, A., Melmi, J. B., El Ahmadi, A., Bianco, M., & Colé, P. (2022). Text reading fluency and text 

reading comprehension do not rely on the same abilities in university students with and without dyslexia. Frontiers in Psychol-

ogy, 13, 866543. https://doi.org/10.3389/fpsyg.2022.866543

Birsh, J. (2006). What is multisensory structured language? Perspectives, Fall, 15–20.

Bishop, D. V. M., & Snowling, M. J. (2004). Developmental dyslexia and specific language impairment: Same or different? Psy-

chological Bulletin, 130, 858–886. https://doi.org/10.1037/0033-2909.130.6.858

Büyüköztürk, Ş. (2011). Experimental designs: Pretest-posttest control group design and data analysis. Pegem Academy Pub-

lishing.

Cain, K., & Oakhill, J. (2011). Matthew effects in young readers: Reading comprehension and reading experience aid vocabulary 

development. Journal of Learning Disabilities, 44(5), 431–443. https://doi.org/10.1177/0022219411410042

Catts, H. W., Hogan, T. P., & Fey, M. E. (2003). Subgrouping poor readers on the basis of individual differences in reading-related 

abilities. Journal of Learning Disabilities, 36(2), 151–164. https://doi.org/10.1177/002221940303600208



131

IJSE 2025, 40(1), 118-133

https://doi.org/10.52291/ijse.2025.40.10

Computer-Assisted Multisensory Reading Intervention in Children with Dyslexia

Christopher, M. E., Miyake, A., Keenan, J. M., Pennington, B., DeFries, J., Wadsworth, S. J., & Olson, R. K. (2012). Predicting 

word reading and comprehension with executive function and speed measures across development: A latent variable analy-

sis. Journal of Experimental Psychology: General, 141, 470–487. https://doi.org/10.1037/a0027375

Crain, S., & Shankweiler, D. (1990). Explaining failures in reading comprehension. In T. H. Carr & B. A. Levy (Eds.), Reading and 

its development: Component skills approaches (pp. 453–466). Academic Press. 

De Abreu, P. M. J. E., Gathercole, S. E., & Martin, R. (2011). Disentangling the relationship between working memory and language: 

The roles of short-term storage and cognitive control. Learning and Individual Differences, 21(5), 569–574. https://doi.org/ 

10.1016/j.lindif.2011.06.002

De Jong, P. F., & van der Leij, A. (2002). Effects of phonological abilities and linguistic comprehension on the development of 

reading. Scientific Studies of Reading, 6(1), 51–77. https://doi.org/10.1207/S1532799XSSR0601_03

Ehri, L. C. (2005). Learning to read words: Theory, findings, and issues. Scientific Studies of Reading, 9, 167–188. https://doi.org/ 

10.1207/s1532799xssr0902_4

Elliott, J. G., & Grigorenko, E. L. (2014). The dyslexia debate. Cambridge University Press.

Eroğlu, G. (2020). Improving reading abilities in dyslexia with neurofeedback and multisensory learning.  Doctoral dissertation, 

Sabancı University.  

Gathercole, S. E., & Baddeley, A. D. (2014). Working memory and language. Psychology Press.

Gharaibeh, M., & Dukmak, S. (2021). Effect of computer-based multisensory program on English reading skills of students with 

dyslexia and reading difficulties. Applied Neuropsychology: Child, 11(3), 504–517.  https://doi.org/10.1080/21622965.2021

.1898395

Godfrey, J. J., Syrdal-Lasky, A. K., Millay, K. K., & Knox, C. M. (1981). Performance of dyslexic children on speech perception 

tests. Journal of Experimental Child Psychology, 32(3), 401–424.

Goswami, U. (2015). Sensory theories of developmental dyslexia: Three challenges for research. Nature Reviews Neuroscience, 

16(1), 43–54. https://doi.org/10.1038/nrn3836

Gough, P. B., & Tunmer, W. E. (1986). Decoding, reading, and reading disability. Remedial and Special Education, 7(1), 6–10. 

https://doi.org/10.1177/074193258600700104

Grigorenko, E. L. (2004). Genetic bases of developmental dyslexia: A capsule review of heritability estimates. Enfance, 56, 273–288.

Guan, C. Q., Fraundorf, S. H., & Perfetti, C. A. (2020). Character and child factors contribute to character recognition develop-

ment among good and poor Chinese readers from grades 1 to 6. Annals of Dyslexia, 70(2), 220–242. https://doi.org/10.1007/

s11881-020-00191-0

GRCs, (2020). Rehberlik ve araştırma merkezi işleyişi [Guidance and Research Centre Operation. https://sivasram.meb.k12.tr 

Hoover, W. A., & Gough, P. B. (1990). The simple view of reading. Reading and Writing, 2(2), 127–160. https://doi.org/10.1007/

BF00401799

Integra, (2009). A handbook on learning disabilities. Ontario’s Ministry of Children and Youth Services.

Jones, M. W., Ashby, J., & Branigan, H. P. (2013). Dyslexia and fluency: Parafoveal and foveal influences on rapid automa-

tized naming. Journal of Experimental Psychology: Human Perception and Performance, 39(2), 554. https://doi.org/10.1037/

a0029710

Karakelle, S. (1998). A comparison of phonological awareness levels of preschool children from different socio-economic back-

grounds. Master’s thesis, Hacettepe University. Council of Higher Education Thesis Center (Turkey).

Kast, M., Meyer, M., Vögele, A., Hartmann, T., & Gross, M. (2007). Computer-based multisensory learning in children with devel-

opmental dyslexia. Restorative Neurology and Neuroscience, 25(3-4), 355–369. https://doi.org/10.3233/RNN-2007-253417

Kirkby, J. A., Barrington, R. S., Drieghe, D., & Liversedge, S. P. (2022). Parafoveal processing and transposed-letter effects in 

dyslexic reading. Dyslexia (Chichester, England), 28(3), 359–374. https://doi.org/10.1002/dys.1721

Knoop-van Campen, C. A. N., Ter Doest, D., Verhoeven, L., & Segers, E. (2018). How phonological awareness mediates 

the relation between working memory and word reading efficiency in children with dyslexia. Dyslexia, 24(2), 156–169.  

https://doi.org/10.1002/dys.1583

Knoop-van Campen, C. A. N. (2022). Reading comprehension in children with dyslexia: The role of cognitive and linguistic skills 

and strategies (Doctoral dissertation, Radboud University). Radboud Repository. https://hdl.handle.net/2066/258516

Krasowicz-Kupis, G. (2008). Psychologia dysleksji [Psychology of dyslexia]. PWN.

Kuhn, M. R., & Stahl, S. A. (2003). Teaching children to become fluent and expressive readers. The Reading Teacher, 56(4),  

358-361. https://doi.org/10.1037/0022-0663.95.1.3



132

IJSE 2025, 40(1), 118-133

www.internationalsped.com

Ramazan Eryilmaz & Emine Balci

Lin, H.-C., Chiu, Y.-H., Chen, Y. J., Wuang, Y.-P., Chen, C.-P., Wang, C.-C., Huang, C.-L., Wu, T.-M., & Ho, W.-H. (2017). Con-

tinued use of an interactive computer game-based visual perception learning system in children with developmental delay. 

International Journal of Medical Informatics, 107, 76–87. https://doi.org/10.1016/j.ijmedinf.2017.09.003

Locascio, G., Mahone, E. M., Eason, S. H., & Cutting, L. E. (2010). Executive dysfunction among children with reading compre-

hension deficits. Journal of Learning Disabilities, 43, 441–454. https://doi.org/10.1177/0022219409355476

Łockiewicz, M., & Jaskulska, M. (2019). NL reading skills mediate the relationship between NL phonological processing skills and 

foreign language (FL) reading skills in students with and without dyslexia: A case of NL (Polish) and FL (English) with different 

degrees of orthographic consistency. Annals of Dyslexia, 69(2), 219–242. https://doi.org/10.1007/s11881-019-00181-x

Lovett, M. W., Barron, R. W., & Benson, N. J. (2003). Effective remediation of word identification and decoding difficulties in 

school-age children with reading disabilities. In H. Lee Swanson, K. R. Harris & S. Graham (Eds.), Handbook of learning dis-

abilities (pp. 273–292). The Guilford Press.

Marchesotti, S., Nicolle, J., Merlet, I., Arnal, L. H., Donoghue, J. P., & Giraud, A. L. (2020). Selective enhancement of low-gam-

ma activity by TACS improves phonemic processing and reading accuracy in dyslexia. PLoS Biology, 18(9), e3000833.  

https://doi.org/10.1371/journal.pbio.3000833

McGrath, L. M., Pennington, B. F., Shanahan, M. A., Santerre-Lemmon, L. E., Barnard, H. D., Willcutt, E. G., et al. (2011).  

A multiple deficit model of reading disability and attention-deficit/hyperactivity disorder: Searching for shared cognitive deficits. 

Journal of Child Psychology and Psychiatry, 52, 547–557. https://doi.org/10.1111/j.1469-7610.2010.02346.x

Melby-Lervåg, M., & Lervåg, A. (2012). Oral language skills moderate nonword repetition skills in children with dyslexia: A me-

ta-analysis of the role of nonword repetition skills in dyslexia. Scientific Studies of Reading, 16, 1–34. https://doi.org/10.1080/ 

10888438.2010.537715

Meyler, A., & Breznitz, Z. (2005). Visual, auditory, and cross-modal processing of linguistic and nonlinguistic temporal patterns 

among adult dyslexic readers. Dyslexia, 11(2), 93–115. https://doi.org/10.1002/dys.294

MoNE, (2020). Rehberlik ve araştırma merkezi yönergesi [Guidance and Research Center Directive]. Ministry of National Education 

of the Republic of Turkey. https://orgm.meb.gov.tr 

 MoNE, (2023). Statistics. Ministry of National Education of the Republic of Turkey, Antalya. https://meb.gov.tr/baglantilar/mem/

index_ilmem.php?ILKODU=7

Mostafa, A., & Ghani, M. (2016). The effectiveness of a multisensory approach in improving letter-sound correspondence among 

mild intellectually disabled students in the state of Kuwait. Journal of Education and Practice, 7(32), 151–156.

Nation, K., & Snowling, M. J. (2004). Beyond phonological skills: Broader language skills contribute to the development of read-

ing. Journal of Research in Reading, 27(4), 342–356.

NEC, (2008). Language enrichment: Reading concepts manual. Neuhaus Education Center.

Özel, S. (2023). Disleksi [Dyslexia]. Selvioze Eğitim. https://www.selviozelegitim.com

Ozernov-Palchik, O., & Gaab, N. (2016). Tackling the ‘dyslexia paradox’: Reading brain and behavior for early markers of de-

velopmental dyslexia. Wiley Interdisciplinary Reviews: Cognitive Science, 7(2), 156–176. https://doi.org/10.1002/wcs.1383

Pennington, B. F. (2006). From single to multiple deficit models of developmental disorders. Cognition, 101, 385–413.  

https://doi.org/10.1016/j.cognition.2006.04.008

Perfetti, C. A. (1985). Reading ability. Oxford University Press.

Perfetti, C. A., & Hart, L. (2002). The lexical quality hypothesis. In L. Verhoeven, C. Elbro, & P. Reitsma (Eds.), Precursors of func-

tional literacy (pp. 67–86). John Benjamins.

Perfetti, C. (2007). Reading ability: Lexical quality to comprehension. Scientific Studies of Reading, 11(4), 357–383.

Perfetti, C. A., & Stafura, J. Z. (2014). Word knowledge in a theory of reading comprehension. Scientific Studies of Reading, 18(1), 

22–37. https://doi.org/10.1080/10888438.2013.827687 

Ransby, M. J., & Lee Swanson, H. (2003). Reading comprehension skills of young adults with childhood diagnoses of dyslexia. 

Journal of Learning Disabilities, 36(6), 538–555.

Rello, L., Bigham, J. P., & Barceló, R. (2015). DysEggxia: A mobile game to improve spelling in children with dyslex-

ia. Proceedings of the 17th International ACM SIGACCESS Conference on Computers & Accessibility, 59–67.  

https://doi.org/10.1145/2384916.2384962

Richlan, F. (2019). The functional neuroanatomy of letter-speech sound integration and its relation to brain abnormalities in devel-

opmental dyslexia. Frontiers in Human Neuroscience, 13, 21. https://doi.org/10.3389/fnhum.2019.00021



133

IJSE 2025, 40(1), 118-133

www.internationalsped.com

Ramazan Eryilmaz & Emine Balci

Rose, J. (2009). Identifying and teaching children and young people with dyslexia and literacy difficulties. DCSF Publications.

Rouweler, L., Varkevisser, N., Brysbaert, M., Maassen, B., & Tops, W. (2020). Flamingo test: A new diagnostic tool for dyslexia 

among Dutch higher education students. Avro. J., 35, 529–543. https://doi.org/10.1080/08856257.2019.1709703

Sarudin, N. A. A., Hashim, H., & Yunus, M. M. (2019). Multisensory approach: How it helps in improving words recognition? Cre-

ative Education, 10(12), 3186–3194. https://doi.org/10.4236/ce.2019.1012242

Shaywitz, S. E., & Shaywitz, B. A. (2005). Dyslexia (Specific Reading Disability). The New England Journal of Medicine, 352(3), 

235-243.

Snow, C. E. (2010). Academic language and the challenge of reading for learning about science. Science, 328(5977), 450-452. 

https://doi.org/10.1126/science.1182597

Snowling, M. J., Muter, V., & Carroll, J. M. (2007). The development of phonological skills. Journal of Child Psychology and Psy-

chiatry, 48(7), 765–774.

Snowling, M. J., & Melby-Lervåg, M. (2016). Dyslexia: A Cognitive Developmental Perspective. Wiley-Blackwell.

Stanovich, K. E. (2000). Progress in understanding reading: Scientific foundations and new frontiers. Guilford Press.

Swanson, H. L., Zheng, X., & Jerman, O. (2009). Working memory, short-term memory, and reading disabilities: A selective me-

ta-analysis of the literature. Journal of Learning Disabilities, 42, 260–287. https://doi.org/10.1177/0022219409331958

Tilanus, E. A. T., Segers, E., & Verhoeven, L. (2019). Predicting responsiveness to a sustained reading and spelling intervention in 

children with dyslexia. Dyslexia, 25(2), 190–206. https://doi.org/10.1002/dys.1614

Torgesen, J. K. (2000). Individual differences in response to early interventions in reading. Learning Disabilities Research & Prac-

tice, 15(4), 282-292.

Van Rijthoven, R., Kleemans, T., Segers, E., & Verhoeven, L. (2022). Compensatory role of verbal learning and consolidation 

in reading and spelling of children with dyslexia. Annals of Dyslexia, 72(3), 461–486. https://doi.org/10.1007/s11881-022-

00264-2

Van Setten, E. R. H., Hakvoort, B. E., van der Leij, A., Maurits, N. M., & Maassen, B. A. M. (2018). Predictors for grade 6 reading 

in children at familial risk of dyslexia. Annals of Dyslexia, 68(3), 181–202. https://doi.org/10.1007/s11881-018-0162-1

Vellutino, F. R., Fletcher, J. M., Snowling, M. J., & Scanlon, D. M. (2004). Specific reading disability (dyslexia): What have we 

learned in the past four decades? Journal of Child Psychology and Psychiatry, 45(1), 2–40.

Wolf, M., & Denckla, M. B. (2005). RAN/RAS: Rapid automatized naming and rapid alternating stimulus tests. Pro-ed.

Wood, S. G., Moxley, J. H., Tighe, E. L., & Wagner, R. K. (2018). Does use of text-to-speech and related read-aloud tools improve 

reading comprehension for students with reading disabilities? A meta-analysis. Journal of Learning Disabilities, 51(1), 73–84. 

https://doi.org/10.1177/0022219416688170

Zoubrinetzky, R., Collet, G., Serniclaes, W., Nguyen-Morel, M. A., & Valdois, S. (2016). Relationships between categorical per-

ception of phonemes, phoneme awareness, and visual attention span in developmental dyslexia. PloS One, 11(3), e0151015. 

https://doi.org/10.1371/journal.pone.0151015


