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Abstract

Developmental Dyslexia (DD) is a neurodevelopmental disorder that impairs
the process of learning to read and write. Its neurological etiology and associated
cognitive deficits remain the subject of research. Technology has facilitated the
development of platforms, games, and video games (PGVs) for DD rehabilita-
tion. Due to the diversity of hypotheses and therapeutic approaches, it is useful
to establish the state of the art, as well as to determine whether PGVs respond
to this updated knowledge. With this objective, we review the neurocognitive,
cognitive, and psycholinguistic hypotheses that explain DD. We conduct a review
and analysis of the PGVs intended for use with DD, and which are supported
by published scientific evidence and marketed in Spain. Eight were identified:
Galexia, Ubinding, Glifing, Tradislexia, GraphoGame, Jellys, DytectiveU and
Minecraft. These are analyzed under four levels of intervention: neurological,
cognitive, psycholinguistic and performance. The PGVs are discussed in light of
the research evidence in the field. Recommendations are made for further adjust-
ment to this evidence. It is concluded that, although the direct intervention of the
professional continues to be essential, the applications constitute a motivating
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didactic reinforcement. However, it is advisable to have detailed theoretical-
technical information to personalize the intervention based on the strengths and
weaknesses of the child and considering the possible existence of DD subtypes.

Keywords: dyslexia, computer-based training, videogames, phonemic aware-
ness, neuropsychology, psycholinguistics.

Resumen

La Dislexia del desarrollo (DD) es un trastorno del neurodesarrollo que difi-
cultad el aprendizaje de la lectura y la escritura. Su etiologia neurolégica y los
déficits cognitivos asociados siguen siendo objeto de investigacion. La tecnologia
ha posibilitado el desarrollo de plataformas, juegos y videojuegos (PJV) para la
rehabilitaciéon de DD. Ante la diversidad de hipétesis y enfoques terapéuticos,
es conveniente conocer el estado de la cuestion, asi como comprobar si los PJV
responden a este conocimiento actualizado. Con este objetivo, se revisan las
hipotesis neurocognitivas, cognitivas y psicolingiiisticas explicativas de la DD. Se
realiza una revision y analisis de los PJV disponibles en el mercado espanol con
alguna evidencia cientifica publicada y comercializados en Espana y orientados a
la DD. Se identifican ocho: Galexia, Ubinding, Glifing, Tradislexia, GraphoGame,
Jellys, DytectiveU y Minecraft y se analizan desde cuatro niveles de intervencion:
neurologico, cognitivo, psicolingiiistico y de desempeno. Los PJV se discuten
desde el contraste con la evidencia investigadora en el campo. Se realizan reco-
mendaciones para un mayor ajuste a esta evidencia. Se concluye que, a pesar de
que la intervencion directa del profesional sigue siendo imprescindible, las apli-
caciones constituyen un refuerzo didactico motivador, aunque es conveniente
disponer de informacion teoérico-técnica detallada para personalizar la interven-
cion desde las fortalezas y debilidades del sujeto particular y considerando la
posible existencia de distintos subtipos de DD.

Palabras clave: dislexia, videojuegos, intervencion mediada por ordenador,
conciencia fonolégica, psicolingtiistica, neuropsicologia.

Introduction

Developmental dyslexia (DD) is a neurobiological disorder that inhibits
reading acquisition, despite appropriate school instruction and regard-
less of general intellectual capacity. Its prevalence in the population is
estimated to be between 5% and 10%. The symptoms present as a letter
coding deficit, low reading accuracy and/or fluency and dysorthography.

Research into the underlying neurological deficits in DD has generat-
ed different explanatory hypotheses. Currently, competing explanations
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for reading difficulties in DD include those that posit an underlying defi-
cit in visual processing (Vidyasagar and Pammer, 2010), those that pro-
pose an auditory processing deficit (Goswami, 2019), a third suggesting
the underlying deficits may be located in both the auditory and visual
processing systems (Gori et al., 2016), and a fourth that seeks to integrate
the previous postulates and hypothesizes a deficiency in the processing
of short, rapid, successive stimuli (Habib, 2021).

The theories based on a single underlying cognitive factor cannot sat-
isfactorily explain the variety of profiles and symptoms (perceptual and
motor) in children with dyslexia (Willcut et al., 2019). For example, not
all children with DD present only a phonological deficit (Snowling et al.,
2018; Norton & Wolf, 2012), despite such a deficit being the most widely
accepted hypothesis to explain DD. The double-deficit theory holds that the
reading difficulties in DD arise from a deficit in phonological awareness,
from a deficit in rapid automatized naming (RAN), or as a result of both
(Wolf & Bowers, 2000). In addition to the diversity of cognitive profiles, the
predictive utility of phonological awareness varies according to the ortho-
graphic transparency of the child’s language (Pennington et al., 2012).

Technology has made significant headway in the field of rehabilita-
tion of learning disabilities. There are four levels of technology-assisted/
mediated intervention in the rehabilitation of DD: 1) the experimental
level derived from hypotheses about the neurological etiology of DD; 2)
interventions that aim to train the cognitive deficits underlying reading
difficulties; 3) interventions focused on developing metalinguistic and
linguistic skills; and 4) the level of intervention seeking to improve read-
ing performance according to symptomatology.

Given the diversity of explanatory theories and therapeutic approach-
es, we consider it necessary to analyze the state of the art based on the
four abovementioned levels. We propose to examine the evidence avail-
able on the causes of DD and how the technological applications devel-
oped and marketed in Spain and in Spanish address these explanatory
hypotheses and scientific evidence in their interventions in DD.

Methodology

The general aim of this study is to provide an update on the explanatory
hypotheses of DD and to examine the PGVs designed for the rehabilita-
tion of DD available on the Spanish market. The specific objectives of
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this study are as follows: 1) to compare the PGVs with the scientific evi-
dence on DD and its intervention; 2) to provide clinical and educational
professionals with neurocognitive and psycholinguistic substantiation for
making informed decisions on the use of these PGVs in rehabilitating
DD; and 3) to suggest recommendations for designing intervention tech-
nology that is compatible with the findings on DD.

The research design is divided into four stages: 1) a search for appli-
cations, videogames and platforms for DD rehabilitation that are scien-
tifically evidenced and/or commercially available in Spain; 2) an analysis
of the platforms, articles, technical manuals and information supplied by
the designers or distributors; 3) a classification of the activities included
in the PGVs according to the level of intervention; 4) a search for scien-
tific evidence on the neurological hypotheses, cognitive consequences
and symptoms, and on the treatment of DD in each of the levels.

We used the Scopus, WOS, Dialnet and Google Scholar databases to
search for PGVs with scientific evidence. No filters were used for the
search period. The search was conducted in March 2023. Table I shows
the keyword strings used and the results.

Following this first selection, we screened the articles, applying the
following inclusion criteria: experimental studies with applications,

TABLE I. Search strings and results

Search string Results Selected

Intervencion AND dislexia AND tecnologia WOS =9 8
Scopus =5

Intervencion AND dislexia AND aplicaciones WOS = 41 30
Scopus =2

Intervencion AND dislexia AND ordenador WOS=12 3
Scopus = 8

Dificultades lectoras AND ordenador WOS =55 122
Scopus=0

Intervencion asistida por ordenador AND dislexia Google Académico=6 0
WOS=3
Scopus=0

Dislexia-aplicacién-tecnologia-videojuego Dialnet=3 0
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Source: Colpiled by the author.
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video games and platforms for the rehabilitation of DD in children aged
under 18, rehabilitation in Spanish, and referring to the application of a
technological game, video game or specific platform used to assess the
results. Opinion articles and theoretical or general articles on technol-
ogy and rehabilitation in DD were excluded. After applying the inclu-
sion criteria, a total of 9 relevant papers presenting empirical data on
the efficacy of PGVs in Spanish remained. To find PGVs marketed in
Spain, we conducted a Google search using the following words: dyslex-
ia, intervention, reading, application, platform, game, videogame. Two
books about commercially available PGVs were found (DytectiveU and
Glifing). Table II shows a list of the PGVs in Spanish along with their
associated publication, both research articles and books published on
the PGVs in the market.

Following the analysis of the PGVs detected, we classified the activi-
ties they contain according to four levels of intervention, as described
in the results section. A non-systematic bibliographic search was then
performed on the theoretical and scientific foundations of each of the
levels: neurological, cognitive, psycholinguistic, and performance-related
or symptomological.

TABLE II. PGVs commercially available in Spain, with and without supporting scientific evidence

Program Publication Impact on experimental group

Transdislexia Jiménez & Rojas (2008) PA and pseudoword reading

Ubinding Lépez-Oloriz et al. (2020) RS and reading accuracy

Forne et al. (2022) RS and reading accuracy

DytectiveU Rello (2018) Phoneme segmentation, spelling, pseudoword reading,
transcription and RS

Jellys Ostiz-Blanco et al. (2018) No improvements in rhythm or attention

Galexia Serrano et al. (2016) VL, reading comprehension, reading comprehension
mediated by prosodic skills

Glifing Garcia i Ortiz et al. (2016) RS

Minecraft Jiménez & Diez (2018) VF and lexical route of reading

GraphoGame Rosas et al. (2017) RAN and identification of letter sounds

Note. RAN=rapid automatized naming; PA=phonological awareness; RS=reading speed; VF=verbal fluency. RF=reading fluency.
Source: Compiled by the author.
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Results

Below, we analyze the four levels of intervention, examining how they
are addressed in the PGVs listed in Table II, and in relation to the explan-
atory hypotheses and the current state of the art in interventions for DD.

First level of intervention: neurocognitive interventions

First, the phonological deficit hypothesis suggests that dyslexia stems
from challenges in processing speech sounds, which affects individuals’
ability to associate graphemes with their corresponding phonemes—a
fundamental skill for reading in alphabetic systems (Ramus et al., 2003).
This deficit may have a neurological correlate with the differences in size
and morphology of the Heschl’s Gyrus (HG) found in children at risk
of developing dyslexia before they begin learning to read (Clark et al.,
2014; Kuhl et al., 2020). This structure plays a key role in the analysis and
encoding of temporal characteristics of speech. As a result, in children
with DD, the neural response to the more informative parts of the speech
signal is slightly out of time (Goswami, 2019). As regards this hypoth-
esis, technology is expected to help enhance the auditory processing of
speech, for example, by improving the speech envelope, which is domi-
nated by lower frequencies (<10 Hz) that encode prosodic and syllabic
features of speech (Klimovich-Gray et al., 2023), by providing training in
dichotic listening (Helland et al., 2018) or auditory pacing (Van Hirtum
et al., 2019; Van Herck et al., 2022). Regarding auditory rhythm training,
Bonacina et al. (2015) found a positive impact on sublexical skills in
both reading speed and reading accuracy and significant effects on short
pseudoword reading speed (RS), long pseudoword RS, high-frequency
long-word reading accuracy and text reading accuracy.

Another hypothesis for the neurological etiology of DD is a deficit
in the magnocellular/dorsal system. This is grounded in differences in
the morphology and location of the lateral geniculate nucleus (LGN)
found in individuals with dyslexia (Giraldo-Chica and Schneider, 2018).
The LGN plays a critical role in the transmission of visual stimuli to the
cortex through two pathways: the ventral (occipito-temporal) and the
dorsal (temporo-parietal). This structure is elemental in visual process-
ing, motion perception (Gori et al., 2016) and the focusing of spatial and
temporal attention (Ruffino et al., 2014). These pathways are home to
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gyri with key functions for visual processing, such as the fusiform and
lingual gyri, in which synaptic disruption or reduced streamlines have
been observed (Centanni et al., 2019; Lou et al., 2019), as well as structur-
al differences (Clark et al., 2014) in children at risk for dyslexia and who
develop DD later in life. This hypothesis seeks to provide a comprehen-
sive explanation, proposing that phonological decoding deficits in dys-
lexia may arise from sensory processing deficits in primary areas related
to visual and auditory dynamic stimuli (Gori et al., 2016). This hypoth-
esis thus suggests a broader deficit in spatiotemporal sensory processing
(Habib, 2021) and may explain why individuals with dyslexia have dif-
ficulty remembering the relative position of letters in words, resulting in
characteristic mistakes in their writing, such as substitutions, inversions,
omissions and additions (Vidyasagar & Pammer, 2010). In support of
this hypothesis, it has been evidenced that the inferior parietal cortex is
a core region in the explicit internal representation of order, while the
dorsal attentional network may intervene in a mental representation in
which serial order is represented by spatial positional codes (Zhou et
al., 2021). Following this hypothesis, dyslexia interventions involve exer-
cises to improve rapid alternation between visual and auditory attention,
along with attentional control through action game adaptations (Bertoni
et al., 2021) and the use of specially designed video games for assess-
ment and intervention in educational contexts, according to Tulloch and
Pammer (2019).

Table III shows the PGVs that include activities oriented towards this
level of intervention.

Among the PGVs analyzed in this study, Jellys (Ostiz-Blanco et al.,
2018) focuses on training auditory rhythm and visual attention in chil-
dren with DD. Tradislexia also incorporates activities intended to iden-
tify auditory rhythm and speech perception. In reference to movement
perception, it is more than likely that video games such as Minecraft and
Galexia intervene in this aspect, despite not being an explicitly stated
rehabilitative goal.

Second level of intervention: cognitive skills
Sufficient evidence has been presented to support the idea that certain

cognitive deficits characterize DD, namely, processing speed (PS) and
working memory (WM) (Lonergan et al., 2019; Maehler et al., 2019).
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TABLE IIl. Abilities related to the neurological etiology of DD in the PGVs

Program MP AU P AC AR VA DCV DCA

Tradislexia X X

Ubinding

DytectiveU X X

Galexia

Glifing

Jellys X X

Minecraft

GraphoGame

Note. MP=Movement perception; AU P=Auditory processing; AC=Attention control; AR=Auditory rhythm; VA=Visual attention;
VDC=Visual discrimination and categorization; ADC= Auditory discrimination and categorization.
Source: Compiled by the author.

Studies using tests to dismiss comorbidity with ADHD in the composi-
tion of samples have found no deficits in sustained attention in DD, but
have detected impairments in selective attention (Fernandez-Andrés et
al., 2019). Additionally, children with DD appear to have longer reaction
times in switching attention and present auditory WM deficits (Loner-
gan et al., 2019). As regards other executive functions (EF), studies are
contradictory, arguably due to the high rate of DD/ADHD comorbidity
(Lonergan et al., 2019), the different diagnostic criteria used, the cut-off
points for including participants in the samples (Doyle et al., 2018) or the
types of tests administered (Sanchez-Doménech, 2022).

The PGVs analyzed include tasks that claim to improve cognitive
skills. Table IV shows the skills included in each application.

Furthermore, it seems that the population with dyslexia is not entirely
homogeneous in terms of WM deficits. For example, Wokuri et al. (2023)
found two distinct profiles; one was associated with verbal item WM
and phonological impairment, while another presented selective serial
WM deficits in both the verbal and visual domains, and thus practitio-
ners should consider the heterogeneous nature of MT impairment in DD
when fashioning rehabilitation strategies.

In any event, the insufficient evidence on the efficacy of training
in domain-general cognitive skills suggests that the most useful inter-
vention strategy in cognitive deficits associated with DD is that of
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TABLE IV. Training in domain-general cognitive skills

Program PS WM EF STVM VA
Tradislexia X X

Ubinding X X

DytectiveU X X

Galexia

Glifing X X

Jellys X
Minecraft X X

GraphoGame

Note. PS=Processing speed; WM=Working memory; STVM=Sort-term verbal memory; EF=Executive functions; VA=Visual attention.
Source: Compiled by the author.

compensatory initiatives to eliminate barriers in academic settings, with
the aim of avoiding school failure in children with dyslexia. An example
of compensation for WM deficits in text composition might be to pro-
vide a structure with mnemotechnical cues and prior preparation of the
orthography of vocabulary involved so that it can be activated in the
WM (Hebert et al., 2018).

Third level of intervention: metalinguistic and linguistic skills

Phonological awareness training appears to have an impact on decod-
ing processes, but the positive impact of this training does not extend to
competencies requiring orthographic memory representations, such as
orthographically correct spelling and correct reading of foreign words,
nor does it affect reading fluency (Wimmer, 2000). Decoding processes
(DPs), which involve understanding the alphabetic principle, begin by
associating the phoneme sound with its graphic representation (pho-
neme/grapheme conversion) until the mechanics of decoding larger
units are mastered. This acquisition is crucial for learning to read in first
grade (Ergul et al., 2023), although, used isolatedly, it seems to be less
effective than as part of multicomponent teaching programs (Donegan
et al., 2021).
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In transparent alphabetic languages, where spoken words can be bro-
ken down into syllables, beginner readers have been found to learn to
read and write more effectively when they are taught grapheme-phoneme
units rather than grapho-syllabic sound units (Sargiani et al., 2021). Table V
lists the linguistic and metalinguistic skills included in each PGV.

Four of the programs work on decoding, which is addressed by means
of tasks related to recognizing graphemes, syllables, words and pseudo-
words of different complexity and in increasing order of difficulty. Six
of the eight programs work on certain aspects of phonological aware-
ness, although none of them deals with this metalinguistic competence
in all its facets. In none of the programs does lexical awareness appear
as the first in a sequence of tasks of increasing difficulty upon which
a PA intervention should be structured, given that auditory processing
deficits also affects the segmentation of the spoken string at word level
(Schaadt et al., 2019), followed by syllabic awareness, intrasyllabic or
rhyme awareness and, finally, phonemic awareness from the age of 6-7
(Defior & Serrano, 2011).

Furthermore, syllabic awareness should be structured in line with the
complexity of the syllabic structures (CV, VC, CVC, etc.), and phonemic
awareness in relation to the order phonemes are acquired (Susanibar
et al. 2013). In this sense, Tradislexia, Glifing and DytectiveU all sequence
the activities in accordance with syllabic structure.

TABLE V. Linguistic and metalinguistic skills in the PGVs

Program PA SA ISA MA \% SP D
Tradislexia X X X X X

Ubinding X X X X X

DytectiveU X X X X X X X
Galexia X X
Glifing X X X X X X
Jellys

Minecraft X

GraphoGame X X

Note. PA=Phonological awareness; SA=Syllabic awareness; ISA=Intra-syallabic awareness; MA=Morphological awareness;
V=Vocabulary; SP=Syntactic processing; D= decodifing.
Source: Compiled by the author.
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Derivational morphology is closely linked to semantic morphology.
It is also considered to bridge phonology and orthography (Bahr et al.,
2020). The orthographic transparency of Spanish may encourage fine-
grained encoding strategies, but delay reliance on significant grains for
automatic word reading, and thus the morphological effect emerges late,
around sixth grade. (Lazaro et al., 2018). Morphological awareness in
Spanish is related to reading comprehension, as it provides access to
semantic and syntactic information in new words (D’Alessio, et al., 2019).
Oral instruction in derivational and inflectional morphology may involve
a preparatory strategy for reading at preschool age in transparent lan-
guages (Cohen-Mimran, 2022), being more effective for DD than for typi-
cally developing children (Deacon et al., 2019). Three of the programs
address some form of morphology: UBinding, DytectiveU, and Glifing.

Empirical attention to semantics in DD intervention is limited (Deacon
et al., 2019). The lexical quality hypothesis holds that literacy involves
the successful integration of phonology, orthography, and semantic
information, and that phonological representations alone are insufficient
to achieve fluent reading. Furthermore, rapid decoding alone does not
enhance comprehension (Perfetti, 2007), while individuals with dyslexia
appear to rely more on semantic context than their peers with similar
reading abilities, which could be interpreted as a compensatory mecha-
nism (Deacon et al., 2019).

It has been suggested that a more specific and redundant lexicon
might facilitate phonological awareness (van Rijthoven et al., 2018).
Although the semantic network of children with dyslexia seems to be
well evidenced, such children retrieve elements from the network more
slowly, resulting in lower semantic fluency (Mengisidou et al., 2020),
which aligns with the double deficit hypothesis. According to Viersen
et al. (2017), however, children at family risk of dyslexia that were later
diagnosed with DD present a delay in the both the receptive and produc-
tive development of vocabulary. Interventions should thus incorporate
this component. Most of the programs analyzed here include a vocabu-
lary component in their interventions.

With regard to syntactic processing, or the knowledge of the functions
of words in sentences, two activities have been shown to help students
with syntactic problems to improve their sentence writing: 1) rearrang-
ing the words in scrambled sentences into the correct; 2) creating sen-
tences from a set of words (nouns, verbs, adjectives and adverbs) and a
set of function words (prepositions, conjunctions, pronouns and articles)

Revista de Educacion, 405. July-September 2024, pp. 153-176
Received: 13/06/2023  Accepted: 05/12/2023

163



164

Sdnchez-Doménech, I, Martin, B. GAMES AND VIDEOGAMES FOR DYSLEXIA REHABILITATION: NEUROCOGNITIVE AND PSYCHOLINGUISTIC FOUNDATIONS

(Berninger et al. (2019). This component features in four of the PGVs:
Tradislexia, Ubinding, DytectiveU and Glifing.

Fourth level of intervention: Performance measures

Performance measures are ways of operationalizing reading performance
based on the symptoms that characterize DD. The tasks offered by the
PGVs are designed to optimize these measures. Table VI shows the per-
formance measures featured in the PGVs.

Reading fluency (RF) refers to a way of reading in which all sublexi-
cal units, words and text, as well as the perceptual, linguistic and cog-
nitive processes involved, are processed accurately and automatically,
allowing sufficient time and resources to be allocated to comprehension
and deeper thought (Norton & Wolf, 2012). Meanwhile, reading speed
(RS) is a measure referring to the reading aloud of elements of lan-
guage (typically words or pseudowords). It is important to distinguish
between the two concepts, as the former does not necessarily imply the
text is understood. Intervention in RS is crucial in improving RF (Lopez-
Escribano, 2016; Rakhlin et al., 2019). This involves automating decod-
ing by means of rapid reading tasks with letters, syllables, and words.

TABLE VI. Performance measures in the PGVs

Program (o] RF RAN RC RS WS MAS ER EC
Tradislexia X

Ubinding X X X X X

DytectiveU X X X X X X
Galexia X X

Glifing X X X

Jellys

Minecraft X

GraphoGame

Note. O=Orthography; RF=reading fluency; RAN=Rapid automatized naming or naming speed; RC= Reading comprehension;
RS=Reading speed; WS=Writing speed; MAS=Motor articulation speed; ER=Error recognition; EC=Error correction.
Source: Compiled by the authors.
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However, RF encompasses RS, but further involves other cognitive and
linguistic processes that can only be assessed in the reading of a text
from which meaning is simultaneously extracted. To date, Galexia is the
only program that specifically addresses the improvement of RF, while
UBinding, DytectiveU and Glifing work on RS.

Orthography is the most neglected area of study, and there remain
many gaps in this field of research (Williams et al., 2017; Dymora &
Niemiec, 2019). Writing deficits (dysorthogrpahy and dysgraphia) in DD
are associated with functional abnormalities in the neural network of
multiple brain regions involved in motor execution, visual-orthographic
processing, and cognitive control (Yang et al., 2022). According to Ber-
ninger et al. (2019), literacy learning should include language by mouth,
by eye and by hand, as well as motor planning, motor timing, and control
and output skills. When teaching the alphabetic principle, harnessing the
visual attributes of letters and explicitly teaching the motor pattern of the
corresponding spelling is a strategy that has been found to be effective
in automating the graphomotor pattern, thus resulting in a reduced WM
load, targeted as the cause of DD-related dysgraphia (Hebert et al., 2018).

Auditory processing disorder involves difficulty in identifying syllable
stress and prominent syllables (Jiménez-Fernandez et al., 2015), resulting
in problems to apply the rules of accentuation and punctuation. Accord-
ing to Toffalini et al. (2017), the high rate of children with spelling disor-
der in transparent languages could be due to the specific characteristics
of such languages, in which reading errors tend to be eliminated at a cer-
tain age, but difficulties in the correct writing of words persist, especially
when under stress or when specific arbitrary features of spelling must be
added. In transparent languages, the difficulty arguably lies in construct-
ing an orthographic lexicon and, therefore, in gaining automatic access
to orthographic selection and production, varying significantly depend-
ing on the orthographic system of each language (Habib, 2021).

All the programs, except Jellys and GraphoGame, include tasks
focused on orthographic recognition through the lexical pathway. Dytec-
tiveU uses the strategy of recognizing and self-correcting typical errors
in the writing of children with DD, awareness of which improves reading
performance and spelling (Rello, 2018).

We found no activities involving the construction of the orthographic
lexicon for retrieval in writing tasks, addressing the order of the string of
letters that make up words and their specific arbitrary spelling rules. The
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strategies that have been shown to be most effective in this sense incorpo-
rate handwriting for repetition and self-correction (Williams et al., 2017),
as well as retention of letter order in visual memory, using games such
as “Photographic Leprechaun” and the “Proofreaders’ Trick” (Berninger
et al., 2013), that could be incorporated into PGVs by digitizing handwrit-
ing. Additionally, the explicit instruction in using the computer keyboard,
as well as the use of spell checkers, may be considered for interventions
in DD, not only from a rehabilitative perspective (the effectiveness of
which is yet to be evidenced) or a compensatory perspective, but as
part of the technological and academic competence demanded today by
society and education (Berninger et al., 2019).

As well as phonological difficulties, the double deficit theory (Wolf
& Bowers, 2000), includes the deficit in RAN as an independent core
factor of phonological awareness. RAN is a measure of the speed with
which we can identify and name objects, colors, numbers, and letters. In
transparent orthographies, the negative impacts of the factors underlying
early deficit in PA and RAN emerge when reading fluency and orthogra-
phy become important, despite appropriate instruction and acquisition
in first grade (Ergil et al., 2023). Recent studies have found its neuro-
logical correlate, associating it with structural white matter anomalies in
the left arcuate fasciculus, which is part of the dorsal pathway (Vander
Stappen et al., 2020). These abnormalities disrupt connectivity with fron-
totemporal regions involved in articulation, speech fluency and verbal
working memory (Mohammad et al., 2022).

According to Norton & Wolf (2012), the main reason RAN predicts
subsequent reading skills is because it measures the ability to automate
access to individual linguistic and perceptual components, as well as
the connections between them, in serial visual tasks. In regular writing
systems, dyslexia is less closely related to decoding accuracy than read-
ing speed is (Padeliadu et al., 2021). Consequently, RAN measures have
greater discriminatory power in these languages and at earlier stages of
development (Luque et al., 2013). Vander Stappen and Reybroeck (2018)
report that RAN-objects training improves reading speed, while PA
training enhances orthographic representations. Georgiou et al. (2016)
and Papadopoulos et al. (2016) found that RAN is related to fluency
when reading aloud, but not to fluency in silent reading, supporting the
hypothesis of a relationship between RAN and articulation. Only UBind-
ing includes tasks for RAN and MAS (Lopez-Oloriz, 4-5-2023).
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Conclusions

The overall objective of this study was to provide an update on the
hypotheses to explain DD and to examine the rehabilitation oriented
PGVs available in Spain, supported or not by scientific evidence, from
four levels of intervention. Our study reviews the current research on the
explanatory hypotheses and examines the efficacy of the most scientifi-
cally supported interventions, looking at whether they are addressed in
the activities contained in the PGVs analyzed.

With respect to the first specific objective, and in light of our literature
review, none of the PGVs brings together all the key components of an
intervention in DD, although the most prominent ones are present in
them all. It is worth noting that that there are promising elements of DD
intervention that are, as yet insufficiently addressed by the PGVs, such
as the motor and articulation aspects (Papadopoulos et al., 2016; Liu and
Georgiou, 2017; Berninger et al., 2019; Yang et al., 2022) and auditory
processing (Bonacina et al., 2015; Habib, 2021). Considering these ele-
ments could help develop more comprehensive interventions in DD.

Regarding the second specific objective, we provide clinical and edu-
cational professionals with an updated grounding in the neurocognitive
and psycholinguistic elements related to DD. This information is hoped
to contribute to informed decision making on the use of technological
tools in the rehabilitation of DD. It is important for the various types
of professionals involved in DD to consider the various explanatory
hypotheses and their possible complementarity, considering the poten-
tial existence of DD subtypes (Habib, 2021; Lorusso and Toraldo, 2023)
and under the adoption of a multiple deficit approach (Pennington et
al., 2012). For example, it is worth bearing in mind that, although pho-
nological awareness and decoding processes are crucial to interventions
for DD, approximately 25% of cases fail to respond to such interventions
(Seiler et al., 2019). In this sense, each individual with DD may present
a unique profile of strengths and weaknesses that may require different
targets and methods of intervention.

In general terms, methodological weaknesses have been detected in
studies examining PGVs, such as limited sample sizes or the lack of a
control group (Ostiz-Blanco et al., 2021). In addition, isolating the effects
of these programs from those of schooling and the practice effect of
PGVs tasks can be complex (Runiewska et al., 2018). In the case of PGVs
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in Spanish, there remains scant empirical evidence. Moreover, it would
be desirable for PGVs to include a technical manual in which the neuro-
logical and/or cognitive explanatory hypotheses they are based on, the
population they have been applied in, and the results of such application
are made explicit, as is done with any assessment test or intervention
program. While the play-based or gamified environment created by PGVs
can create a psychologically stimulating environment for persistence and
self-improvement (Dymora & Niemiec, 2019), evidence of the efficacy
of the interventions collected by means of rigorous and realistic trials is
needed before recommending their implementation in educational set-
tings or specialized centers (Snowling & Hulme, 2011). They should also
include a detailed catalog of their activities and, within the framework of
rehabilitation, the purpose for which they are designed.
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