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 
Abstract— Although the prevalence of developmental 

dyslexia, according to DSM-V, varies from 10 to 15%, a major 

issue tormenting scientists to date is the lack of consensus on 

how dyslexia should be diagnosed or treated. Apart from the 

classical methods used in remedial teaching, popular methods 

for dyslexia treatment are the alternative and complementary 

approaches that include perceptual-motor training, visual 

interventions, auditory interventions, biofeedback and fatty 

acid interventions, many of which having already emerged in 

the 1980s. Each of the aforementioned forms of therapy has its 

supporters, in spite of the fact that there is still little evidence 

for their effectiveness. 

In the wider context of a multifactorial approach to the 

complex construction of dyslexia, this review aims to outline 

the main objectives, the implementation procedures and the 

extent to which alternative approaches contribute to dyslexia 

treatment. In brief, a review of the current literature leads to 

the conclusion that even though most of these methods have yet 

to be proven for their effectiveness, they should not be 

considered as having no therapeutic value. Nonetheless, until 

their efficacy has been proved, it is suggested that the most 

effective interventions in reading are those involving the 

combination of cognitive and behavioral intervention. 

 

Index Terms—Alternative approaches, audio-visual 

interventions, biofeedback, fatty acid interventions. 

 

I. INTRODUCTION 

According to the American Psychiatric Association 

(APA) [1], the term dyslexia refers to a "special learning 

disorder" and in particular to a specific pattern of learning 

difficulties characterized by problems in accurate and fluent 

word recognition, in poor decoding and in poor spelling 

skills. The British Psychological Society [2] had already 

identified dyslexia as a special learning disability in the late 

1990s. Dyslexia is evident when accurate and fluent word 

reading and/or spelling develops incompletely or with great 

difficulty, especially at word level, despite the appropriate 

learning opportunities. Regardless of the emphasis on 

learning difficulties, dyslexia appears to include a wide 

range of symptoms, such as poor short-term memory, 

dyscalculia, visual impairment, speech disorders [3], poor 

motor control [4], and emotional difficulties such as low 
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self-esteem [5], chronic anxiety and conduct disorders [6]. 

Even though the prevalence of developmental dyslexia 

varies from 10 to 15% [1], the cause of dyslexia remains so 

far a field of controversy among researchers [7], along with 

the methods of its diagnosis and treatment [8]. 

The phonological deficit theory is the most well 

documented and confirmed cognitive explanation for the 

reading disorder in the last four decades [9], [10]. A recent 

study by Saksida et al. [11] confirmed that most children 

with dyslexia show deficient phonological awareness [12], 

[13]. This can provide an insight into later reading 

difficulties [12], [13], with phonological awareness being 

the most potent predictor [14], [15]. In studies for children 

with reading problems and normal readers the phonological 

processing, the short-term/working memory and the 

processing speed are considered basic cognitive processes 

[16], each of which has a phonological component that is 

important for reading. Children with dyslexia suffer from 

inadequate representation of linguistic sounds, resulting in 

problems in accurate word processing, which in turn lead to 

difficulties in conquering phonological awareness, 

alphabetic mapping, letter-sound decoding and, 

consequently, orthographic awareness [17], [18]. According 

to authors [17], [18], all the above can influence the rapid 

recognition of words and reading skills. Consistent with the 

findings of the double-deficit hypothesis study [19]-[21], 

both phonological and rapid naming difficulties are most 

prominent in dyslexic children. 

Research on the aetiology of developmental dyslexia [22] 

suggests that acquisition of reading is based both on speech 

segmentation and the graphophonemic matching [23], as 

well as on the consecutive visual attention shift to series of 

letters that is meant by the magnocellular-dorsal pathway 

[24]-[27]. Letters should be identified rapidly, in the 

appropriate sequence [23], and selected accurately among 

other similar confounding graphs [28] in the rapid 

orientation of visual attention [29]. According to the 

magnocellular deficit theory [30], [31] visual processing 

dysfunction is an important feature in individuals with 

dyslexia [24], [26], [32]. The magnocellular neuronal 

impairment is evident at all levels of the visual system: in 

the retina, in the lateral geniculate nucleus, in the primary 

visual cortex and throughout the dorsal visuomotor pathway 

forward from the visual cortex to the posterior parietal and 

prefrontal cortices [23]. This anomaly destabilizes visual 

perception; hence its severity in individuals is associated 

with deficits in their reading skills. 

Another factor often related with dyslexic symptoms is 

poor motor skills, which is explained by the cerebellum 

dysfunction theory [33]. In fact, motor learning studies have 

long been aware of the role of cerebellar vibration in 
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acquiring skills such as the bimanual skill [34], [35]. The 

findings from these studies suggest that the role of the 

cerebellum is not limited to regulating the rate, force, 

rhythm and accuracy of the movements, but mainly to 

regulating the speed, capacity, consistency and suitability of 

cognitive and emotional processes [36]-[38]. Consequently, 

these indications support the functional interactions between 

motor control systems, language and reading [36], [39]. 

With regard to dyslexia treatment many different types of 

interventions have been proposed, based on the varied 

theories that stem from the diverse nature of developmental 

dyslexia. A classification of treatment methods is proposed 

by the Frith‘s model [40], proposing three categories based 

on the three levels of developmental disorders: biological, 

cognitive and behavioral. The biological approach, based on 

genetic and neuroimaging data, affects the nervous system 

by stimulating the brain (e.g. biofeedback) or strengthens 

the sensory organs. The cognitive approach entails cognitive 

training, in order to develop and improve functions such as 

memory, perception, attention, and especially phonological 

functions (e.g. phonological awareness and phonological 

memory), which play an important role during the reading 

process. The behavioral approach, taking into account the 

functionality of individuals with dyslexia and reading 

motivation [41], improves reading and/or writing skills 

through the practice and/or teaching of some strategies, e.g. 

combined reading [42] and reading in "phases" [43]. 

However, some methods should be categorized as mixed, 

considering that they refer to two levels of intervention at 

the same time, e.g. cognitive and behavioral approach [44]. 

Nowadays, the most promising interventions for dyslexia 

provide with intensive training in phonological awareness, 

systematic and explicit training in 

graphophonemic matching, training based on standards or 

strategies in order to overcome the letter-sound 

contradictions in words,  text analysis, training in reading 

fluency, support in reading texts with increasingly difficult, 

training in written exercises and writing comprehension 

strategies [45]-[50]. In addition, other researchers [51] 

emphasize on the executive dysfunction in poor readers and 

argue that the development of metacognitive strategies and 

self-regulatory strategies can be considered extremely 

beneficial. Imaging intervention studies, which investigate 

how dyslexia remediation positively alters brain activity 

[52], [53], seem to promote the normalization of activity in 

the left hemisphere for reading and the language network, 

which exhibits reduced activity in dyslexia. Moreover, 

increased right hemisphere activation has been reported 

following dyslexia treatment, which is sometimes 

interpreted as a demonstration of compensatory procedures 

[49]. 

A solid base of evidence emphasizes on direct teaching in 

reading and phonological training. However, aiming to 

overcome the absence of satisfactory remediation through 

traditional educational models [56], many alternative 

therapies for dyslexia have been proposed [54], [55]. Such 

treatments are three times more likely to be used as a 

complement to conventional approaches for children with 

chronic conditions as compared to healthy children [57], the 

higher use of which is related to the severity of the disorder 

[58]. 

A variety of alternative methods offered to children with 

dyslexia include biofeedback [59], sensory integration 

therapy [60], music therapy [61], chiropractic technique 

[62], homeopathy [63], and Dyslexia–Dyspraxia–Attention-

Deficit Therapy (DDAT) [64]. The most popular treatments 

selected by parents of children with dyslexia are dietary 

supplements followed by homeopathy and osteopathic / 

chiropractic treatment [8]. 

Each of these dyslexia treatment methods has its 

supporters, although there is little evidence for the 

effectiveness of each method [65]. It is a fact that these 

"magical therapies" cause concern to the academic 

community [66], as they provide parents with a false sense 

of security and unjustified expense, while drawing attention 

from traditional interventions for dyslexia [67]. There are 

relatively few published controlled studies that provide 

varying degrees of support for specific non-educational 

approaches [64], [68], [69]. Hence, it becomes apparent that 

there is a need for evidence-based, impartial information to 

the parents of dyslexic children as regards their treatment 

choices in order to avoid unnecessary costs in non-

educational interventions that may prove to be ineffective, 

as suggested in related research studies [70]. 

In the context of exploring the role and necessity of 

multifactorial approaches to dyslexia, in the current review 

we are attempting a comparative study of alternative 

intervention methods (perceptual-motor training, visual 

interventions, auditory interventions, biofeedback, and fatty 

acid interventions) with reference to their objectives and 

characteristics in order to clarify their degree of contribution 

to the treatment of dyslexia. 

With a view to presenting as much as possible from the 

current literature, we searched the electronic platforms of 

―PubMed‖ and ―Scopus‖ using keywords such as "dyslexia" 

and "reading difficulties" in conjunction with the terms 

"developmental", "alternative forms of treatment", 

"treatment" and "brain imaging". Several review articles and 

books have been studied providing comprehensive and 

complete research into the subject of our study so far. The 

selection of the research articles has been largely based on 

publications made over the last 10 years, without excluding 

earlier publications that were relevant to the subject of this 

review and still endure over the years. 

 

II. ALTERNATIVE AND COMPLEMENTARY 
TRAINING METHODS IN LITERATURE 

A. Perceptual-motor Training 

In the history of special education, a multitude of 

programs having accepted the occurrence of sensory 

integration deficits and motor functions in students with 

learning disabilities, argued that if these difficulties were 

resolved, students would be able to acquire academic skills 

more easily [71]. Evidence of the effectiveness of perceptual 

motor programs for the remediation of academic skills such 

as reading is generally absent despite their continued 

popularity [72], [73]. Smith [74] summed up the 

characteristics of this kind of interventions, which claim 

significant but unclear results, and argued that such practices 

stem from uncontrolled studies or subjective sources, such 
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as unpublished studies and testimonials, with the theoretical 

background being often inconsistent with accepted 

knowledge. Additionally, Kavale and Mattson [72] reported 

a meta-analysis, where motor awareness programs had little 

impact on reading. Similarly, Hammill‘s extensive review 

[75] revealed little correlation between perceptual motor 

skills and reading, noting that training in these skills is not 

helpful in remediating reading problems. 

One of the most popular kinesthetic programs is perhaps 

the Dore program or otherwise the Dyslexia Dyspraxia 

Attention Treatment program - DDAT [76]. This program is 

based on the cerebellar theory as cause of dyslexia and it has 

been promoted as an intervention strategy that appears to 

benefit people with dyslexia, dyspraxia, attention deficit - 

hyperactivity disorder (ADHD) and Asperger's syndrome. It 

involves the physical exercise of the dyslexic child for 10 

minutes, twice a day for about fourteen months [71]. 

Two comparative studies on the effectiveness of the Dore 

program, published in the Dyslexia Journal [64], [77], 

reported the success of the program. An unprecedented 

response from nine critics was published in response to the 

first study [64], highlighting the various shortcomings in the 

planning of the research and the over-estimated claims made 

by the authors of the study [70], [78]-[85]. 

More specifically, the unsuitable comparison of 

performance with the control group and the concerns about 

the real difficulties of the participants were pointed out. 

Because several students were already at regular reading 

levels prior to the program, the study by Reynolds et al. [64] 

did not target students who were experiencing serious 

reading difficulties, let alone dyslexia. In addition, it should 

be noted that out of the 35 children in total, only six were 

diagnosed with dyslexia, two with dyspraxia and one with 

ADHD, suggesting that most subjects did not cover the 

range of the difficulties that the Dore program seeks to 

remediate [71]. Furthermore, concerns were raised about 

Dore's funding for authors and the rightness of aspects of the 

editorial process [71]. Similarly, in the second study [77] 

which was a reassessment of the first, problems were 

observed in the methodology, such as the absence of a 

control group [71]. Consequently, it is argued that these two 

controversial studies are not convincing evidence for the 

effectiveness of the Dore program. 

Another motor intervention aimed at enhancing academic 

skills relates to the treatment of primary reflexes, whose 

persistence has led to significant problems in the 

development of the motor function [86]. The mild 

persistence of primary reflexes has been associated with 

reading difficulties and motor impairments [87]. 

Asymmetrical tonic neck reflex (ATNR) is the most 

commonly observed primary cerebral reflex persistence in 

infants with neurological lesions [88], which should 

normally be suspended about 6 months after birth [86]. The 

findings of the McPhillips and Jordan-Black study [89] 

demonstrate that ATNR persistence in school-age children is 

associated with their poor performance in reading, spelling 

and pseudo-words reading. However, they stressed that not 

all children with difficulties in reading or spelling have 

persistent reflexes, and thus the persistence of reflexes 

should be considered as an early developmental risk factor 

and not as a direct causal factor of the reading difficulty, due 

to the fact that the subsequent consequences depend on the 

interaction of a range of cognitive, environmental and 

biological factors. 

To address ATNR persistence, McPhillips invented the 

Primary Movement Program, a motor program including a 

series of movements similar to the early reflex movements 

that children are asked to perform in order to stimulate their 

main motor brain areas, including the cerebellum [10]. 

McPhillips et al. [87] demonstrated the effectiveness of the 

Primary Movement Program in reading, while Hyatt, 

Stephenson & Carter [90], after reviewing the research of 

the former, reported modest benefits in remediating reading 

difficulties. In contrast, Jordan-Black [91] confirmed the 

effect of McPhillips et al. [87] and expanded the impact of 

the program on improving mathematics. Specifically, 

Jordan-Black [91] concluded that the program has a 

significant impact on reducing ATNR persistence and 

improving the academic performance of primary school 

children, particularly in reading and mathematics, with a 

smaller impact on spelling. In addition, he noted that the 

impact of the program was evident in children with major 

learning difficulties. However, he pointed out that there are 

children with learning difficulties who do not experience 

ATNR persistence; consequently these children responded 

less to the intervention. 

An additional alternative method combining nutritional 

supplements, herbs, homeopathy, acupuncture, osteopathy, 

applied kinesiology and neuro-lingual programming is 

known as the "Sunflower" therapy [92]. The conviction of 

"Sunflower" therapists is that children with learning 

disabilities suffer from a series of structural, biochemical 

and psychological imbalances that can be addressed by 

using complementary treatment to help the child perform 

and feel better. The therapy is based on applied kinesiology, 

a controversial muscular assessment diagnostic system for 

detecting physical and psychological imbalances, although 

there is a lack of high-quality research evidence to support 

its use [93]. 

Bull [68] concluded that Sunflower therapy does not lead 

to improvements in the cognitive function or literature for 

dyslexic children. However, dyslexic children who received 

this kind of treatment improved their academic and, to a 

lesser extent, their reading self-esteem. This is an interesting 

finding as self-esteem has been recognized as a major 

concern of the parents of dyslexic children [5]. Nonetheless, 

Bull [68] doubted whether the improvements came from the 

treatment they received or whether they were related to 

more general factors associated with participation in this 

research program. 

At a similar level, the "Brain Gym", created by Paul and 

Gail Dennison (1987), proposes a form of learning through 

movement and includes the performance of 26 motor 

exercises [94]. According to the official "Brain Gym" 

website, the program can be used by persons of all ages, as 

well as by children with learning disabilities. The specific 

areas targeted by the program include concentration and 

memory, academic goals (reading, writing, and 

mathematics), physical co-ordination, self-responsibility, 

organizational skills, and mood. However, a recent review 

of the research on the "Brain Gym" program, has found no 

clear evidence of these claims due to lack of empirical 
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evidence [90]. Indeed, an article by Lilienfeld, Ammirati 

and David [95] who used Brain Gym, is particularly critical 

of the lack of related research. In addition, it claims that 

each of the 26 exercises improves some cognitive skills, but 

there is no evidence in exactly how these moves generate 

these improvements. 

"Quadrato Motor Training" (QMT) is a whole-body 

sensory-motor training program, aimed at addressing 

learning difficulties through 12 possible movements [96]. In 

the study by Ben-Soussan et al. [96] the possible 

interactions between the sensory-motor and reading system 

and the role of cerebellum in reading skills in dyslexic 

individuals using the QMT program were investigated. 

Using magnetoencephalography (MEG), they measured the 

changes in alpha power and coherence after training. The 

results demonstrate improved reading speed after one month 

of 7-minute QMT daily training for both dyslexic and 

control subjects. Participants with dyslexia, however not the 

control group, experienced a significant increase in alpha 

cerebellum power after training. In addition, the intra-

hemispheric alpha cohesion was higher in the dyslexic 

group compared to the control group. Nevertheless, some 

research constraints according to the authors themselves are 

the small sample of the study (12 adults with dyslexia and 

10 normal readers), the use of a single training example, and 

the difficulty in distinguishing between the signals that 

occur in the cerebellum cortex and in the deep 

cerebellar nuclei. 

B.  Visual Interventions 

It has already been reported that dyslexia may coexist 

with sensory difficulties or motor coordination difficulties. 

Nonetheless, many theories argue that a major cause of 

dyslexia is the visual processing disorder [97], such as the 

Meares-Irlen Syndrome (Scotopic Sensitivity Syndrome) 

[98] also known as "visual stress" [99]. The Meares-Irlen 

syndrome is a condition first characterized by Meares [100] 

and Irlen [101] and documented by Wilkins [99]. Symptoms 

may include light sensitivity, reading problems, discomfort 

(including page reflection and headaches in reading), 

attention and concentration problems, writing problems, 

depth perception problems, and alterations of letters and 

words in the page [102], [103]. Although the Meares-Irlen's 

syndrome etiology has not been adequately determined 

[104] the most widely accepted explanation is that of the 

visual cortex hyperstimulation proposed by Wilkins [105]. 

Kriss and Evans [106] found that the Scotopic Sensitivity 

Syndrome occurs in 20% of the general population and may 

be a little more common in dyslexia. Although visual stress 

is believed to be one of the main visual causes of reading 

difficulties [107] and is often associated with dyslexia [108] 

there is no evidence of the existence of a causal relationship 

between visual stress and dyslexia [102], [109]. Evans and 

Allen [102] concluded that visual stress may contribute to 

the general difficulties of a dyslexic child, but it is unlikely 

to be a cause of dyslexia, as many adults without reading 

disorders experience visual alterations and visual stress 

[108]. 

For the treatment of visual stress in reading, the 

hypothesis has been formulated [108], [110]-[116] that by 

changing the spectral synthesis of the image on the retina 

with colored filters, cortical activity can be rearranged so as 

to avoid strong local stimulation in the hypersensitive areas 

of the visual cortex [105]. Readers with dyslexia, when 

reading a text with a colored overlay, exhibit decreases in 

the symptoms of visual stress including eye strain and 

headache [105] and improvements in reading speed [113], 

[117]-[119], whereas it has also proved beneficial to text 

comprehension and reading accuracy [120], [121]. 

Additionally, the prolonged voluntary use of colored lenses 

by research participants demonstrates that individuals 

experience contiguous benefits [117], [122]. The two most 

popular and effective filter colors for children with visual 

reading problems have been proved to be yellow and blue 

[23]. Yellow filters reduce the total amount of light entering 

the eye, causing pupillary dilation by increasing the amount 

of yellow light that falls on the retina, stimulating more the 

magnocellular neurons [123]. In a double-blind, 

randomized, controlled study by Ray et al. [123] was 

attested that those who received the yellow filters improved 

the responses of their magnocellular neurons and this 

improvement was accompanied by improved word reading. 

In regard to blue filters, there are many unpublished reports 

suggesting that successful addressing of reading difficulties 

with the use of this color is accompanied by fewer 

headaches. Moreover, blue filters are reported to improve 

the sleep of children who have sleep disorders and visual 

reading problems [124]. 

However, today many commercial companies sell a wide 

range of color filters to improve reading problems by 

claiming that using only the yellow and blue filters will not 

meet the personalized needs, which is why every person 

needs an individual color for better results [23]. Wilkins et 

al. [115] concluded that few over the average of the sample 

receiving different color filters, reported a decrease in 

symptoms for visual fatigue and headache. Nonetheless, it is 

interesting that the colors of the effective filters mainly 

concentrated around the yellow or blue, and there was no 

evidence that plain yellow and blue would not be just as 

effective or more effective. In addition, Hall et al. [125] 

comparing their own filters, blue and yellow, with a wider 

range of colors of a company concluded these filters actually 

achieved better results. Consequently, there is little evidence 

of the need for a wide range of colors on the filters, as the 

individual colors chosen are usually concentrated around 

yellow and blue, rendering only these two colors sufficient 

[23]. 

Robinson and Foreman [126], wishing to maintain a 

balance in the evidence for color filters, argued that 

reducing letter alterations may not be enough to create 

improved word recognition skills without additional 

remedial teaching in reading, and this can be indicated by 

the non-significant increase in the reading rate. Similarly, 

Optometry College in the United Kingdom supports the use 

of individual colored lenses to improve the symptoms of 

visual stress [127], which may be part of the dyslexic profile 

or autonomous [106]. In contrast, the American Pediatric 

Society [128] does not support the use of color filters for 

dyslexics, stating that reading difficulties do not stem from 

visual perceptual deficits and that color filters do not work 

in practice. The latter view seems to be consistent with 

Menacker et al. [129], who studied dyslexics and concluded 
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that colored glasses had no impact on reading. This 

conclusion seems reasonable if one considers that not all 

dyslexics have a significant degree of visual stress [106] and 

it is likely that only some of the participants had visual 

stress. Evans and Allen [102] seem to be on a similar 

wavelength, concluding that color filters improve reading 

performance in individuals with visual stress but are 

unlikely to affect phonological and memory deficits 

associated with dyslexia, and thus these are not a cure for 

dyslexia. 

C. Auditory interventions 

The development of basic auditory interventions has been 

influenced in theory by the work of Tallal [130], in which it 

is argued that the difficulties associated with dyslexia can be 

attributed to shortcomings in rapid temporal auditory 

processing [130]-[134]. This weakness prevents dyslexics 

from perceiving and discerning the sounds of the language 

in a fast and effective way, thereby influencing the 

development of appropriate phonological skills, resulting in 

reading difficulties [135]. Due to the plasticity of the brain, 

this theory supports that proper training can lead to 

permanent improvement of the underlying neural systems 

and the simultaneous improvement of language and reading 

skills in children [136]. Similarly, Alexander and Slinger-

Constant [137] developed two basic electronic programs to 

address the difficulties in auditory processing, the ―Fast 

ForWord‖ program [138] and the ―Earobics‖ program [139]. 

"Earobics" [140], [141] is a computer-aided training 

program designed to improve comprehension and literature 

skills [142] by improving the auditory processing of 

language, memory and phonological awareness, with tests 

such as the recognition and distinction of phonemes. Three 

studies, conducted by the same team of researchers who are 

independent of Earobics developers, have evaluated the use 

of Earobics as a training program. 

Hayes et al. [143] studied 27 children with learning 

disabilities who received auditory perception training with 

the "Earobics" program for 8 weeks. The children, 

compared with the control group and a group of children 

with learning difficulties without treating, exhibited 

improvements in their auditory processing skills, whereas 

their cortical activity was altered with the use of speech 

syllables. Ιn a typically more mature pattern in quiet 

conditions they showed increased resistance to degradation 

in background noise. The potential impact of these results 

on children with dyslexia is unclear due to the fact that only 

children with attention deficit were included in the study 

[137]. Similarly, Warrier et al. [144] demonstrated that 

children with learning disabilities showed improvement 

within the standard limits after training, while there were no 

changes in the corresponding measurements for the 

untrained group. The neurophysiological improvement 

observed in the group of trained children was also associated 

with better performance in speech perception tests. The last 

study was repeated by Russo et al. [145], who added the 

speech-induced auditory potentials of the brain stem and 

speech perception in noise. They showed that the 

morphology of the waveform of the auditory responses of 

the brainstem recorded in noise even poor in quiet, after 

training was improved and resembled to the response in 

quiet. This improvement in the subcortical level (auditory 

changes in the brainstem in noise) was associated with 

improvements in cortical activity in noise. However, none of 

these three studies referred to improved performance in 

literature skills after training [146]. 

Additional computer-based auditory training program was 

developed by Merzenich et al. [147] and Tallal et al. [134], 

known as "Fast ForWord" (FFW). This training program 

intervention is recommended for a period of over 6 to 8 

weeks (100 minutes per day, 5 days a week) [148] and 

results in the improvement of language and reading skills 

[149]. The program encompasses audiovisual games for 

children with language difficulties aged between 4 and 14, 

which consist of phonological skills exercises, as well as 

syntactic and semantic comprehension once and use 

acoustically modified speech adapted to the child‘s progress, 
target to a gradually decreasing modification [150]. 

There is much debate about the effectiveness of FFW 

[151]. Many of the claims made by the Scientific Learning 

Corporation appear to be based on findings from privately 

guided [152], [153] rather than independent studies and 

reviews published in reputable scientific journals. For 

example, studies by Tallal et al. [134] and Merzenich et al. 

[147] showed improvements in language skills after using 

the FFW program. However, there are several limitations in 

both studies challenging the efficacy of the program, as 

following: i) both of them are small scale studies, while 

there is no control group in the first study [149]; ii) the 

children in both studies were trained in additional tests 

beyond computer exercises, which make it impossible to 

attribute the effects of treatment exclusively to FFW 

exercises [154]. Furthermore, only a few of the FFW 

exercises were included in these studies, thus, the FFW 

program per se is not evaluated; iii), as the intervention was 

multifaceted, it is difficult to isolate the components of the 

therapeutic program related to improvements in auditory 

perceptual skills and language performance [154]-[156]; iv) 

some of the outcome measures were similar to the FFW 

exercises, possibly biasing the results in favor of positive 

treatment effects [156]. Therefore, design constraints 

exclude any claim about the effectiveness of FFW from 

these studies [149]. 

Similar methodological weakness is evident in the report 

by Institute of Education Sciences [157] about the effects of 

FFW on beginner readers, which concludes that stress 

positive effects of FFW on phonic reading skills but mixed 

effects on comprehension outcomes. Nonetheless, the 

procedures used in that review have been criticized by 

McArthur [158], who argued that it was largely based on 

unpublished studies conducted by the Scientific Learning 

Corporation, and did not include a key study that was 

published in a peer-reviewed journal. 

The exact role of the auditory training theory based on the 

FFW program is further questioned by large-scale 

randomized control studies [159], [160], who did not 

demonstrate a significant advantage of FFW in comparison 

to other language remedial programs in which the rapid 

auditory processing component was omitted. This concern 

raises considerable doubts about the clinical efficacy of this 

program in problems of rapid auditory processing, and about 

whether these improvements in the language skills of 
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children with language disorders can be transferred [134]. 

This view is shared by Hook, Macaruso & Jones [161], who 

conducted an independent evaluation of FFW. Children who 

participated in the evaluation showed immediate benefits in 

producing speech, but not in language comprehension and 

the rate of serial naming, or the working memory, while 

gains on oral speech were not maintained two years later. 

Nevertheless, these findings should be interpreted with 

caution due to the limited sample of the study [162]. In 

addition, McArthur et al. [163] studied children with 

Specific Language Impairment (SLI) and reading disorders, 

who had auditory processing deficits and were trained to 

address the weaknesses of their auditory processing. In that 

study, training was effective in restoring auditory processing 

skills, but there were no effects on literature and language. 

Furthermore, the systematic reviews of Sisson [164] and 

Cirrin and Gillam [151] demonstrate that there is no 

significant impact of the FFW program on the academic 

performance and therefore its use is not necessary. 

Moreover, according to a more recent review [149] there is 

no evidence that FFW is effective as a treatment for 

children's weaknesses in reading or lexical expression or 

comprehension. Conversely, conventional forms of 

treatment may result in modest but reliable improvements in 

these skills [165], [166]. 

Rhythmic stimulation is a different auditory training 

program proposed by many researchers for children with 

developmental dyslexia [22], [167]-[172], who appear to 

perform poorly in rhythmic and musical perception tasks 

[173]. Many study results in the respective literature indicate 

strong links between rhythmic and linguistic abilities [174]-

[179]. In a recent study, the effectiveness of a Cognitivo-

Musical Training (CMT) based on the music - language 

analogies and the temporal and rhythmic features of music 

was tested [180]. Habib et al. [180] assumed that the music 

training of dyslexic children could contribute to the 

improvement of brain circuits that are common to music and 

language processes, whereas the temporal and rhythmic 

features of music could have a positive effect on temporal 

processing deficits, which are characteristic of some 

dyslexia types. Thus, , in addition to the intensive training of 

various characteristics of the musical auditory signal, they 

used a series of musical exercises involving sensory (visual, 

auditory, somatosensory) and motor systems, with particular 

emphasis on rhythmic perception and production. The 

researchers [180] conducted two separate studies; in the first 

study children with dyslexia received intensive musical 

exercises concentrated over 18 hours during three 

consecutive days, while in the second one the musical 

training was spread over 6 weeks. The first study yielded 

significant improvement in the categorical perception and 

auditory perception of temporal components of speech, 

while the second study revealed additional improvements in 

auditory attention, phonological awareness (syllable fusion), 

reading abilities and repetition of pseudo-words. 

However, according to Habib et al. [180], there are a 

number of caveats concerning the mentioned results, mainly 

due to the absence of an already trained control group, thus, 

the small number of the sample for this procedure probably 

resulted in more extraneous effects due to τηε individual 

differences. Lastly, they commented on the inability to 

exclude the impact of attention on the improvement of 

specific cognitive mechanisms. 

A related research based on rhythmic procession deficits 

in dyslexia was that of Thomson, Leong & Goswami [135], 

who remediated these deficits and compared the results with 

that of the phonological training received at the same time 

by another group of children with dyslexia. Comparisons 

between the two groups indicated that both rhythmic and 

phonological intervention have led to significant gains in 

phonological awareness (both in prosody and at a phonemic 

level). On the contrary, interventions did not have a specific 

impact on the development of basic auditory processing, 

such as duration and intensity (see also [181]). In addition, 

both programs did not have a significant impact on reading 

and writing compared to the control group. 

In conclusion, while there were benefits in the basic 

auditory processing and phonological awareness as a result 

of the various auditory interventions, data were often 

inconsistent, while findings in literature skills were 

inadequate. Consequently, it is of importance for future 

studies in this field of expertise to demonstrate i) whether 

appropriate training programs can be developed to improve 

children's rapid auditory temporal processing and, ii) if 

feasible, whether these improvements are related to the 

corresponding improvements in the skills of language 

processing and, consequently, in literature. 

D. Biofeedback 

The biofeedback method becomes gradually more popular 

in comparison with the theoretical approaches to dyslexia, 

with its most significant application being in the framework 

of the phonological and the magnocellular theory. Recent 

study by Heth and Lavidor [182] examined the impact of 

transcranial Direct Current Stimulation (tDCS) on text 

reading accuracy and fluency in adults with developmental 

dyslexia. The current study was designed in the context of 

magnocellular deficit theory [183], which has been 

criticized in the past for the causal relationships of dyslexia 

[184]. The left visual area V5, which facilitates the 

magnocellular pathway of dorsal activity, was chosen for 

anodal stimulation, so as to achieve word recognition [185] 

and thus to improve oral text reading accuracy and speed 

[31], [186]-[188]. The results showed improvement in oral 

text reading, as well as in the letter-naming and number-

naming speed, which is considered a predictive factor of 

reading fluency [189], [190]. The increased reading speed 

did not decrease the accuracy, which was maintained and 

even increased after one week of stimulation. In essence, the 

study expands the previous findings by showing the 

improvement these can bring to comprehension, as 

suggested by Fuchs et al. [191], who argue that oral text 

reading is an indication of comprehension. However, while 

there was improvement in text reading and in the letter-

naming and number-naming speed, the degree of visual 

reading of nonverbal material was not affected by the anodal 

stimulation of the left visual area V5, highlighting a more 

specific effect of V5 in the spelling processing speed [192]. 

Consequently, Heth and Lavidor [182] concluded that the 

V5 visual area is involved in reading and suggest the use of 

tDCS as a possible treatment, taking on consideration that 
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improvements were maintained even when tested one week 

after the end of the stimulation sessions. 

In any case, we should interpret these findings with 

caution due to the small sample of the study but also due to 

its uniqueness, as according to the authors themselves [182] 

it was the first study using the tDCS method in individuals 

with developmental dyslexia, thus further investigation of 

these findings is required. The results of tDCS have also 

been confirmed by Turkeltaub et al. [193], who concluded 

that a single tDCS session over the posterior temporal cortex 

improved the reading of real and non-words of no readers 

with dyslexia but slow readers. 

The only study in adults with developmental dyslexia 

performed before the study of Heth and Lavidor [182] is the 

one by Costanzo et al. [194], who applied trans-magnetic 

stimulation (TMS) instead of tDCS to 10 adults, in order to 

stimulate language areas that underperform in dyslexia. The 

study reported improved text reading accuracy and faster 

reading of pseudowords. Nonetheless, the small sample of 

the study is a clear limitation on the reliability of the results, 

while many individuals reported distress and pain using 

similar protocols [195] in contrast to the non-invasive tDCS 

method [182]. 

The controlled study by Breteler et al. [196] for 

neurofeedback treatment in dyslexia is based on the 

phonological deficit theory, which reports a particular 

deficit in representation, storage and recall of phonemes. 

Based on the phonological theory (e.g. [197]) one would 

expect greater activity of the quantitative 

electroencephalography (qEEG) in frontal-temporal areas, 

indicating the absence of improvements in reading. 

This contrasts with two non-controlled studies on 

neurofeedback and dyslexia that reported increases in the 

quality of reading [198], [199] despite the small sample and 

the lack of a control group in both studies. Additionally, a 

significant improvement in spelling was reported, which, 

however, according to Breteler et al. [196] may be due 

either to the remedial teaching received by children with 

dyslexia or to the attentional processes involved in 

improving spelling. The results of Breteler et al.‘s [196] 
should be treated with caution due to the small number of 

participants (n=19). Additionally, no selection was made 

with regard to any dyslexia subtype, as deficits in different 

kinds of reading skills may require different neuro-feedback 

protocols, according to Wilmer et al. [200]. 

Bakker, Moerland & Goekoop-Hoetkens [201] instead 

used Hemisphere-Specific Stimulation (HSS) to treat 

dyslexia subtypes, such as the P-type dyslexic (slow e.g. 

word repetition, hesitations, but accurate, processing is 

based on the right hemisphere) and the L-type dyslexic (fast, 

but makes a lot of substantive errors such as omissions, 

additions, processing is based on the left hemisphere). 

Bakker et al. [201] concluded that HSS had a beneficial 

impact on a sample of 174 individuals. L-type dyslexics 

achieved improved accuracy in word reading and improved 

comprehension, and P-type dyslexics showed a faster 

reading rate. 

Similarly, Kappers [202] reported significant benefits 

after HSS intervention in reading, but the number of 

intervention sessions was not the same for all children, some 

children receiving intervention for up to two years. Similar 

benefits after the use HSS were also reported by Lorusso et 

al. [203] in dyslexic readers with improvements in reading 

speed and accuracy, phonemic awareness and memory after 

four months of intervention, twice a week. However, the 

latter suggested that in addition to the enhancement of the 

inferior hemisphere, a more automated processing, due to 

time pressure for information processing during the 

stimulation, may be the main mechanism for observed 

benefits. 

A recent pilot study was conducted by Au et al. [204] on 

the feasibility and clinical implication of neurofeedback 

training as an intervention to improve attention and 

inhibitory control in four dyslexic children from China. The 

training consisted of ten neurofeedback sessions for each 

participant, using power protocols (C3/β) and bipolar 

protocols (C3-C4/β), targeted to increase  β  amplitude and 

decrease θ and hi-β  amplitudes at the primary sensorimotor 
cortex (i.e. C3 and C4). The θ/β ratios were analyzed as 

dependent effects of neurofeedback training. Within-subject 

comparisons were conducted. The results yielded a 

reduction in θ waves and an increase in β waves in all 

participants, as reflected by a reduction in the θ/β ratios. 

Enhancement of β activation resulted in remarkable 

improvement of participants in reaction time and in errors, 

proving an intensity of vigilance. In addition, suppression of 

θ frequencies resulted in improved attention to all 

participants, demonstrating better performance in areas such 

as sustained attention, selective attention and attentional 

shifting. Training with θ-suppression and β-stimulation in 

the sensorimotor cortex (C3, C4) also caused some 

improvement in the inhibitory control of the participants, 

although the underlying mechanism is currently not known. 

An additional finding of that study was the enhancement 

of phonological awareness among all participants, which is 

probably associated with neurofeedback in the left motor 

region (C3). According to Au et al. [204] this correlation 

can be explained on the basis of the cerebellar theory. 

However, this neurofeedback training method does not show 

the same degree of effectiveness for all individuals with 

dyslexia, but is subject to separate profiles, such as the 

extent of the attention deficit and IQ. Additional constraints 

are the small number of participants, the small frequency of 

sessions (this study had only ten sessions, which is about 

one-third of a standard neurofeedback training protocol), 

and the lack of control group. Besides, the underlying 

mechanisms of the observed changes remain unknown, 

leading researchers to making various speculations, which 

are yet to be proved by future well-controlled studies. 

E. Fatty Acids Interventions 

Omega-6 and omega-3 polyunsaturated fatty acids 

(PUFAs) play a central role in the normal development and 

functioning of the brain and central nervous system [205]. In 

particular, long-chain PUFAs (LC-PUFAs) such as 

eicosapentaenoic acid (EPA, C20:5ω-3), docosahexaenoic 

acid (DHA, C22:6ω-3) and arachidonic acid (AA, C20:4ω-

6), are involved in membrane fluidity, gene expression, and 

neuronal membrane structure and function, all critical for 

cell transduction and the process of learning [205]-[207]. 

Recent data suggest that there is a link between defects in 

the metabolism of polyunsaturated fatty acids (PUFAs) and 
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neurodevelopmental disorders such as dyslexia [208]-[211]. 

This finding is based on the assumption that the function of 

the highly sensitive visual magnocellular system is 

dependent on high unsaturated fatty acids content [212]. 

Thus, if the neurological development of the visual system 

is reduced, reading difficulties may arise [31], [212]. 

Dyslexia is often associated with a relative lack of omega-3 

fatty acids [205] and therefore dietary supplements could 

help children with dyslexia [68], [210], [213]-[217]. 

However, even though the clinical benefits of supplements 

with polyunsaturated fatty acids in children and adolescents 

with dyslexia have been studied, evidence remains limited 

[211]. 

One of the studies dealing with the effects of dietary 

supplements on the learning ability of children with dyslexia 

is the study by Lindmark and Clough [218]. They conducted 

an open-label pilot study to investigate the effects of a 

docosahexanoic-acid-rich supplement on a group of 17 

children in Sweden who had a formal diagnosis of dyslexia. 

Children received eight capsules per day containing high-

DHA fish oil and primrose oil. The evaluation was 

completed before and after the 4 months of supplement 

intake to measure word decoding (reading speed) and letter 

decoding (motor-perceptual speed). Significant 

improvements were observed after the supplement intake in 

the reading speed, which improved by 60%, and the motor-

perceptual speed, which improved by 23%. However, this 

study consisted of a small sample of dyslexic children, it 

was not randomized, or controlled or blind (it was an open-

label study) and did not include any comparison group 

[219]. 

Richardson and Puri [69] in a randomized, double-blind 

study, investigated the effect of supplementation with 

polyunsaturated fatty acids (EPA, DHA, ΑΑ, γ-linolenic 

acid, vitamin E, conjugated linoleic acid, and thyme oil) in 

various areas, among which learning abilities. Supplements 

were administered for three months to 41 children aged 10-

18 years with symptoms of attention deficit - hyperactivity 

disorder and developmental dyslexia, which was diagnosed 

with criteria - although not named - whose description 

matched those of DSM-IV [220]. However, that study did 

not report the results of the weighted tests for reading, 

writing, spelling and mathematics. 

Similarly, the study by Kairaluoma et al. [221] evaluated 

in a double-blind, controlled study whether dietary 

supplements with a combination of eicosapentaenoic acid 

(EPA) and carnosine would have positive effects on reading 

and spelling skills in 61 children with reading disorder. The 

results in this study showed no differences between the 

control group and the intervention group, although children 

in both groups improved in most measurements during 

treatment. This improvement can be explained, according to 

Kairaluoma et al. [221], by the children's normal 

development, the placebo effect, and the effect of repeating 

the tasks. Therefore, in this study, fatty acid supplements did 

not have specific therapeutic effects on the literature skills 

of dyslexic children. However, there is no available data on 

which to base estimation of the doses required or the 

duration of administration in order to achieve a result, while 

the relatively small sample size can also be considered as a 

limitation of this study. 

A separate study that did not involve children with 

dyslexia but children with coordination disorders is the 

Oxford and Durham study [216]. This study evaluated the 

effect of dietary supplements with omega-3 and omega-6 

fatty acids (EPA, DHA, γ-linoleic acid, vitamin E) on 117 

children with coordination disorders. Despite the fact that 

the results demonstrated improvement in reading and 

spelling in children with developmental coordination 

disorders, the study was conducted without clearly defined 

groups and without taking into account pre-treatment 

literature skills, thus making the findings from the present 

research questionable. 

 

III. DISCUSSION 

Currently, the main part of the scientific and research 

community in regard to diagnostic and concomitant 

therapeutic approaches in the field of specific learning 

difficulties, as well in particular dyslexia, is determined by 

theoretical and clinical approaches that are widely accepted 

as conventional [23], [49], [222]-[225]. However, in the 

context of a broader approach and with the aim of 

contributing to a fuller and deeper presentation of all 

approaches, and of a representative presentation of the 

current literature, we conducted a review of alternative and 

complementary methods for dyslexia treatment. A variety of 

alternative methods designed and proposed for dyslexic 

children include perceptual-motor training, visual 

interventions, auditory interventions, biofeedback, and fatty 

acid interventions. Each of these methods of dyslexia 

treatment has its supporters, although there is little evidence 

for their effectiveness [65]. 

Taking into account the research findings on perceptual-

motor training, it is quite rational to inquire what specific 

types of exercises could be responsible for each result. If 

there is a clear result, one would expect a relationship 

between the types of exercises and the effects that have 

occurred. Even the theorists who support the cerebellar 

deficit hypothesis have agreed that difficulties in balance 

and motion are not necessarily associated with reading 

difficulties, as well as that the cerebellar deficit that causes 

reading difficulties is only present in language-related areas 

[226]. This finding is supported by Rochelle and Talcott 

[227], who compared studies with dyslexic and non-dyslexic 

participants in their meta-analysis examining the emergence 

of balance difficulties. They also concluded that the lack of 

connection between the difficulties of balance and reading 

raises doubts about the effectiveness of interventions using 

both balance exercises and motor exercises in general with 

the goal of immediate reading improvement. 

More specifically, the effectiveness of the most popular 

kinesthetic program, "Dore" remains controversial, with 

research in favor of this program being hampered by a 

variety of methodological weaknesses (e.g., [70], [81]). 

Similar claims have been made for the programs ―Brain 

Gym‖ and ―Sunflower‖, concluding that perceptual-motor 

training has no impact on learning [228], [229], namely on 

literature [70]. In comparison, it appears that the only 

potentially proven reading results are emerging from 

exercises that are different from those used in the ―Dore‖ 
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program, such as the ―Primary Movement Program‖ [87], 

[91]. However, the ―Primary Movement Program‖ is not a 

panacea for the remediation of learning difficulties at 

school, and it could complement but not replace other 

strategies that have been shown to have a positive impact on 

the learning abilities of children [91]. Moreover, due to the 

stability of the results for the ―Primary Movement Program‖ 

up-to-date, these findings should be treated with caution. 

Similarly, the effectiveness of "Quadrato Motor Training" 

should be interpreted with caution, taking into account that 

the research by Ben-Soussan et al. [96] was the first attempt 

to use this program in individuals with dyslexia; moreover, 

there are no relevant studies to compare these results. 

Visual interventions are frequently preferred as well for 

coping with reading difficulties in children with dyslexia. 

Despite the promising data reported for the use of color 

filters/lenses in reading [105], [113], [120], allegations that 

colored filters help with reading remain controversial [107], 

[230], [231]. Several studies have found no significant 

differences between reading with or without the overlay or 

lenses [129], [232]-[237], while in the review by Albon, Adi 

and Hyde [238] methodological weaknesses in over half the 

studies supporting the use of color overlay were identified, 

concluding that there was no clear evidence that color filters 

improve reading skills in dyslexia. From the above, it 

becomes evident that the provision of colored filters/lenses 

to reduce the symptoms of visual stress remains clearly a 

controversial issue; thus the need for more extensive, 

stricter, randomized, and controlled testing of visual stress 

interventions seems imperative [102]. 

In the field of auditory training, although benefits have 

been demonstrated in basic auditory processing and 

phonological awareness, data is often inconsistent, while the 

findings in literature skills are considered insufficient. The 

―Earobics‖ program training appears to have a positive 

impact on children's phonological awareness skills but with 

limited evidence (no proved effect) on the efficacy of the 

program in improving literature skills. However, this 

conclusion is based only on three studies conducted by the 

same group of researchers, thus additional independent 

studies from other researchers are necessary [146]. 

The "FFW" program is also one of the auditory training 

programs for which there is much debate about its efficacy 

[151], as many of the claims of the program appear to be 

based on findings from privately guided [152], [153] rather 

than independent studies and reviews published in reputable 

scientific journals [158]. Moreover, there are several 

methodological weaknesses in the studies in favor of the 

―FFW‖ program (e.g. [134], [147]); as a result Strong et al. 

[149] in a recent review concluded the lack of evidence for 

the efficacy of this program as a therapy for children's 

weaknesses in reading or lexical expression or 

comprehension. 

Nevertheless, data on the efficacy of rhythmic training, a 

different auditory training program, demonstrate that it can 

play an important role in the development of phonological 

skills that are vital to effective reading and writing 

acquisition [239]. This view is supported by conventional 

theoretical approaches to phonological development in 

childhood, which also emphasize the interdependence of 

phonological and prosodic information [240], [241]. Such 

interdependence could suggest that a combination of 

rhythmic and phonological intervention would be more 

effective for children with dyslexia than the provision of 

other types of training individually. This may apply 

particularly to children with dyslexia who are resistant to 

conventional phonological training methods. 

An additional alternative training method in dyslexia is 

biofeedback, which has become more popular in the last 

decade. Most of the studies reveal support for the efficacy of 

the biofeedback method in reading performance [182]. 

However, due to the various failures in the methods used by 

several of the reported studies (e.g. [196], [204]), and to the 

relatively recent research interest in this alternative 

intervention method in dyslexia, it is imperative to carry out 

more research in this field so as to confirm the limited 

findings. 

Finally, we have seen that recent research suggests a link 

between defects in the metabolism of polyunsaturated fatty 

acids (PUFAs) and neurodevelopmental disorders, such as 

dyslexia [208], [209], [211]. However, despite the fact that 

fatty acids have been suggested as a possible therapy for 

reading problems, only a few studies focusing on dyslexia 

interventions have been published to date (e.g. [69], [218], 

[221]), the results of which in reading are controversial. 

Consequently, there is insufficient evidence to determine the 

efficacy of fatty acids treatment in dyslexia, reading 

problems and other learning difficulties [242]. 

Again, due to the small number of studies on the effect of 

fatty acids on dyslexia, there is need for more well-designed, 

randomized, controlled studies with explicitly defined 

populations of children with special learning disabilities 

diagnosed with weighted diagnostic criteria [219]. Thus, 

uniform diagnostic criteria for dyslexia, objective 

measurements of fatty acid deficiency and close monitoring 

of dietary intake are some of the proposed factors [211] that 

could improve the quality of research in this field. 

 

IV. CONCLUSION 

Although the majority of methods mentioned in the 

current review have not proven to be effective in their 

entirety, they should not be considered as having no 

therapeutic value, as science should move forward 

collectively. However, clear evidence is required before a 

specific program or intervention is accepted by experts and 

this information is provided to parents of dyslexic children 

with a view to finding appropriate therapy options [65]. This 

is especially important for parents who have experienced 

dyslexia as a disease and decided to use such methods more 

often in the training and development of their children, with 

the most popular methods being dietary supplements/special 

diets, homeopathy and osteopathy/chiropractic, thus 

investing time and money in unproven therapies or therapies 

that have been recognized as ineffective through research 

studies [8]. 

In the light of modern research approaches to dyslexia, 

the necessity for several rather comprehensive and extensive 

researches towards discovering a universal program to 

address literature difficulties becomes a certainty, given that 

complex cognitive processes require simultaneous action of 
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many neurological systems. Hence, an effective therapeutic 

intervention for students with dyslexia should not be limited 

to reading training alone but mainly to developing the 

cognitive abilities that are subject to this ability [65]. This 

explains the variety of phenotypes of reading difficulties in 

one person. Thus, many dyslexia theories do not necessarily 

conflict with one another, but may explain different aspects 

of the reading disorder [182]. 

Today, one of the most effective therapeutic approaches 

to reading disorders is the acquisition of phonological 

awareness and recognition of letters, the clear and 

systematic teaching of phonology and the use of these skills 

in actual reading and writing [243]-[246]. Concluding this 

review of literature on alternative intervention forms in 

dyslexia, it is worth to highlight the positive fact of 

continuous research for effective interventions in dyslexia, 

to design and develop as much as possible integrated, 

multifactorial both diagnostic and therapeutic approaches to 

dyslexia. 
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