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Introduction

Specific learning disability (SLD) is a neurodevelopmental
disorder that hinders one’s learning skills in reading, writing,
andmathematics. Developmental dyslexia, henceforth dyslex-
ia, is a type of SLD that is characterized by an impairment in
decoding, word reading accuracy and fluency, and spelling.1

Clinical symptoms of dyslexia include reading slower than the

expected rate, reading comprehension difficulties, and poor
spelling.2 These symptoms are visible regardless of whether
one receives adequate education, possesses a normal-range IQ,
and has sufficient socioeconomic opportunities.3 In 2002,
Peterson& Pennington4 reported that 5 to 17.5% of theworld’s
population was living with dyslexia, a prevalent neurodeve-
lopmental disorder that should not be overlooked.
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Abstract Preschool children at risk of dyslexia show inadequate progress in their preliteracy
skills; they often perform poorly in the domain of phonological awareness, letter
knowledge, and rapid automatized naming. As a result, they tend to fall behind
academically, specifically in reading, when they enter primary school. Because time is
of the essence, early intervention becomes necessary to provide the best possible
preliteracy outcome. To date, there has not been a study that investigates the
effectiveness of early intervention in Thai, a language that is typologically and
orthographically different from those in previous studies. In this preliminary study,
training materials, created with phonological awareness and letter knowledge at the
core, were presented via interactive Siriraj Pre-Literacy Enhancement software. In total,
73 typically developing preschoolers, aged 60 to 66 months, were enrolled. Preliteracy
skills were measured by Rama Pre-Read (RPR). At-risk children received the 11-week
computer-based early intervention training. After the intervention was completed,
participants’ preliteracy skills were evaluated by RPR (posttest). Sixteen children
(21.9%) were at risk of dyslexia. Results after training indicated that preschool at-
risk children of dyslexia in Thailand show a high magnitude of improvement in
preliteracy skills, across all three domains. The computer-based early intervention to
promote preliteracy skills is a feasible and effective form of remediation for Thai
children at risk of dyslexia.
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Although the Diagnostic and Statistical Manual of Psychi-
atric Disease (DSM-5) recommends that dyslexia should be
diagnosed at the beginning of primary education,5 several
diagnostic tests have been developed of an early evaluation,
whereby preschool children who exhibit substandard pre-
literacy reading skills may be considered at risk of dyslexia.
Examples of preliteracy tests include but are not limited to
Early Grade Reading Assessment, which is used by practi-
tioners in the United States,6 and Rama Pre-Read (RPR),
which is used by Thai practitioners.7 It is important to
highlight that children who score poorly on these tests are
not clinically diagnosed as dyslexic; rather, theyare classified
as at risk of dyslexia, where they may undergo early inter-
vention to help improve their preliteracy skills.

At-risk children with dyslexia show inadequate progress
in their preliteracy reading skills compared to their peers.
They perform poorly in the domains of phonological aware-
ness, letter knowledge, and rapid automatized naming.8

Researchers have investigated several intervention techni-
ques such as using action video games9 and music educa-
tion10; unfortunately, many do not yield statistically
significant results. Phonological awareness training, howev-
er, is an intervention technique that has received much
attention and has been continually gaining traction in recent
years.11,12

Generally, phonological awareness training is an inter-
vention technique that aims to train at-risk children with
dyslexia to develop metacognitive knowledge of sound seg-
ments within aword. They are trained to be self-aware that a
word may consist of multiple distinct phonemic parts.13 For
example, the word bat can be decomposed into three pho-
nemic segments: /b/þ/æ/þ/t/; together, they make up the
word bat. With this knowledge, at-risk childrenwith dyslexia
can better identify, tease apart, and manipulate distinct
phonemes, which ultimately contribute to improved preli-
teracy skills.

Possessing phonological awarenessper se is not sufficient.
Reading is a skill that requires a thorough understanding of
the alphabet; this is called letter knowledge.14 It is essential
for at-risk children with dyslexia to recognize that: a letter
mayappear in various forms (e.g., block vs. cursive), a letter is
associated with a name (e.g., <w> is called a “double U” in
English), and importantly, a letter is associated with a
corresponding phoneme(s) (e.g., <c> in English can be
realized as /k/ as in cat or /s/ as in cinema in English). In
sum, the relationship between auditory information (sound)
and visual representation (alphabet) must go hand-in-hand
for at-risk childrenwith dyslexia to improve their preliteracy
skills.15

Several studies show that when phonological awareness
training and letter knowledge training are executed in
parallel as a unified intervention technique, it produces
promising, long-lasting results. For instance, Elbro and
Petersen16 found that when phonemic awareness and letter
knowledge training were used in a daily 30-minute session
for 17 weeks, at-risk children with dyslexia demonstrated
long-term improvement not only in reading but also in
decoding both real words and pseudowords. Similarly, Hind-

son et al17 reported that after 12 weeks of training, at-risk
children with dyslexia scored higher on awareness of pho-
neme tests and could tackle irregular wordsmore effectively.
Combining phonological awareness and letter knowledge
has proven effective and is currently a unified intervention
technique that is widely used.

Early intervention is undoubtedly resource demanding.
Scammacca et al18 reported that the cost of training qualified
teachers and assistants, combined with operation costs,
could be as high as $ 2,700 per child; thus, this presents a
problem of accessibility as the high cost limits the number of
at-risk children with dyslexia who can undergo early inter-
vention. Fortunately, with rapid technological advancement,
computers have become more affordable, whereby they
could be easily accessed and used in early intervention.

Affordability and accessibility alone do not justify imple-
mentation of computers in early intervention. In addition,
research shows that children at-risk of dyslexia performed
better in phonological awareness, word recognition, and
letter naming when early intervention was implemented
with software programs, compared to printed material.19

Similarly, children at risk of dyslexia who underperform
academically have been found to improve in the area of basic
reading, phonological awareness, and classroom behavior
once they have been trained with software programs, com-
pared to other methods.20 Considering the undeniable ben-
efits that computers bring, which are lower cost, higher
accessibility, and more positive preliteracy outcomes, it is
not surprising that they are becoming the preferred choice.

It is important to emphasize that despite the successful
implementation of computers, a teacher’s presence remains
crucial. Teachers now act to direct, encourage students to be
interested in the computerized tasks, and minimize the
children’s frustration.21 It remains an interactive process,
where a teacher’s goal is to seamlessly integrate the technol-
ogy, positively encourage collaboration, and foster students’
autonomy.22 Although the role may have shifted, teachers
are still critical to the success of early intervention.

There has not been any study that explores the effective-
ness of computer-based early intervention in Thailand. To
address this gap, we created a computer-software named the
Siriraj Pre-Literacy Enhancement (SIPLE), which provides
Thai at-risk childrenwith dyslexia using phonological aware-
ness and letter knowledge training; they are two combined
techniques that have proven fruitful, as demonstrated in past
literature. The objective of this preliminary study is to assess
the effectiveness of SIPLE (computer based) as early inter-
vention in Thai preschool at-risk children with dyslexia
population.

Methods

Participants
This pre and postintervention studywas carried out between
January and August 2020 as part of a larger study to evaluate
the effectiveness of SIPLE computer software in the Thai
preschool at-risk children with dyslexia population. Eligible
participants were monolingual Thai children aged 60 to
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66 months who studied in a kindergarten in Bangkok.
Candidates diagnosed with global developmental delay,
delayed language development, attention deficit hyperactiv-
ity disorder, autism disorder, and mood disorder (e.g., de-
pression and anxiety disorder) by a physician were not
eligible for participation. A total of 73 participants met the
inclusion criteria from six kindergartens in the Bangkok Noi
school district.

Procedures
This study was approved by the Siriraj Institutional Review
Board, Faculty of Medicine Siriraj Hospital, Mahidol Univer-
sity, Thailand (Protocol number: 794/2562, IRB2). The first
author explained the objective and study protocols to school
officials; then, the study was publicly advertised at six
kindergartens in Bangkok. Interested parents were encour-
aged to contact the first author directly for inquiries and the
possibility of enrollment.

After enrollment, participants’ parents were interviewed
for the demographic characteristics of the participants and
their families. The recorded data include (1) participant’s
information (gender, age, daily duration of screen media use
and reading hours, and the number of storybooks in the
house); and (2) family information (family history of specific
learning disability, parental educational level, and household
income). Enrolled participants also took the Denver II and
Mullen Scales of Early Learning (MSEL) to ensure that they do
not present signs of developmental delayor delayed language
skills. Participants with normal development were assessed
for their preliteracy reading skills with RPR.

Parents of participants who are classified as at risk of
dyslexia based on the outcome of RPR as a pretest are
provided with details of an 11-week interactive SIPLE soft-
ware early intervention training. After their consent, partic-
ipants were trained with SIPLE at school under a teacher’s
supervision.

One week after the end of the intervention, participants
take the RPR posttest. The RPR pretest and RPR posttest were
identical and administered on-site at the school by the first
author and a child psychologist.

Additionally, in a follow-up, teachers who supervised
participants in the computer-based early intervention group
were interviewed on the satisfaction of results, as well as any
obstacles or difficulties in interacting with the participants
during the training.

Measurements

Rama Pre-Read
The RPR is a paper-based, preliteracy reading test often
used as an initial assessment for children at risk of dyslexia
in Thailand that consists of three subtests: (1) letter
knowledge; (2) rapid letter automatized naming test;
and (3) initial sound matching test.7 Participants who
score lower than the 10th percentile in any subtest are
categorized as at-risk of dyslexia, following a study by
Yampratoom et al23 (2017), where the 10th percentile cut-
off was established based on normalized data from 412
Thai children aged 60 to 71 months. Yampratoom et al
explained that the RPR uses conservative cut-off criteria
for early detection, which could potentially lead to prompt
early intervention training.

Denver II
The Denver II is a child developmental screening tool from
birth to 72months of age.Wepartially used this test to assess
participants in the domains of motor and personal–social
development, where results were classified as either normal
development or suspected delayed development. The Denver
II has a sensitivity of 0.56–0.83 and a specificity of 0.43–
0.80.24

Mullen Scales of Early Learning
We used the MSEL to assess receptive and expressive lan-
guage. Participants were assessed for their verbal abilities,
which are factors known to correlate with children’s reading
skills.25 Participantswith a T-score in receptive or expressive
language domains below 30 were diagnosed as having
language developmental delays. Internal consistency ranges
from 0.45 to 0.77, and interrater reliability ranges from 0.91
to 0.99.26

Early Intervention Training
The training program is summarized in►Table 1. Designed to
be systematic, structured, cumulative, and sequential,27

content of the training material promotes preliteracy skills,
emphasizing the training of phonological awareness and
letter knowledge. It consists of 11 lessons, one per week,
and each lesson takes approximately 10 to 15minutes.
Computer-based early intervention training took place at
school and was monitored by teachers who are familiar with

Table 1 A summary of the early intervention training

Lesson/input Phonology (Sound) Orthography
(Written letters)

Semantics
(Picture)

Task

Lesson 1 Yes Yes Yes Input

Lessons 2–3 Yes No Yes Match sounds and pictures to letters

Lessons 4–5 Yes Yes No Match sounds and letters

Lessons 6–8 Yes Yes Yes Phonological awareness

Lessons 9–10 Yes No Yes Phonological awareness

Lessons 11 Yes Yes Yes Writing letters
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SIPLE. All auditory input and feedback are computerized and
automatic. When auditory input is required, participants
could click on the speaker icon for auditory input. When
participants provide a correct answer, SIPLE provides a
clapping sound as feedback. When participants provide an
incorrect answer, SIPLE provides encouraging verbal feed-
back saying, “try again, it’s almost correct!”. The description
of lessons in the computer-based early intervention group is
as follows.

Lesson 1: The letter recognition activity is an input-focused
activity consistent with the orthography-semantic-phonol-
ogy Triangle Model.28 Stimuli in this lesson contain a letter, a
semantically related picture (picture of a common word in
Thai that contains the letter in the initial word position), and
auditory input of the letter. For example, as shown in►Fig. 1,
participants are presented with the letter “ ” (letter), a
picture gai “chicken” (semantic), and the word-initial letter
sound /g/ (phonology).

Video 1

Letterknowledgeandphonological awareness training.

Online content including video sequences viewable at:
https://www.thieme-connect.com/products/
ejournals/html/10.1055/s-0043-1767809.

Video 2

Phonological awareness (cont.) and initial sound
matching training.

Online content including video sequences viewable at:
https://www.thieme-connect.com/products/
ejournals/html/10.1055/s-0043-1767809.

Lessons 2 and 3: Picture-letter matching is an activity that
focuses on matching a picture with the letter that represents
the word-initial sound. There is no auditory input in these
lessons. For example,when a picture of gai “chicken” is shown,

participants are presentedwith a choice of letters: “ ,” “ ,” and
“ ”. Notice that these letters are visually similar; however, they
differ phonetically. These lessons aim to increase participants’
awareness of letters that are similar in shape.

Lessons 4 and 5: Phoneme-letter matching is a more
complex training activity that focuses on realizations of
the same phoneme. In the Thai orthographic system, a
phoneme can be represented by multiple letters, depending
on the syllable’s suprasegmental feature.29 In other words,
although Thai has 21 consonant phonemes, there are as
many as 44 letters that are used based on the consonant
class. In lessons 4 and 5, participants are presented with an
auditory input, with multiple realizations as options to
choose from. For instance, if the auditory input is /kh/
(rising), then the participants are presented with the letter
choices of: “ ” (/kh/ rising), “ ” and “ ” (/kh/ mid).

Lessons 6 to 8: Phonological awareness activity requires
participants to drawa connection between all three elements:
phonology, orthography, and semantics. For example, when
the picture of a tree branch “ging” (semantic input) is pre-
sented, the correct answer is the letter< >, which represents
the /g/ phoneme, which is the initial consonant of the word.

Lessons 9 and 10: Initial sound matching is a picture-
matching activity that requires participants to match two
pictures that have the same initial consonant sound. For
example, a picture of goong “shrimp” should be matched
with a picture of gob “frog” since these two pictures have the
same initial consonant phoneme /g/.

Lesson 11: Multisensory integration is the last lesson in
the training. Participants are asked to practice writing the
letter that represents the auditory input. For example, the
picture goong “shrimp” is presented with corresponding
auditory input; then, participants should write “ ,” which
represents the /g/ phoneme.

Statistical Analyses
Demographic data were analyzed and described using de-
scriptive statistics. A comparison of the mean of the RPR
pretest and RPR posttest score was performed by a paired t-
test for normally distributed data and Wilcoxon signed-rank
test for nonnormally distributed data. A chi-square test was
performed to assess the difference in the number of partic-
ipants for nominal data. Normally distributed data were
presented as mean� standard deviation; nonnormally dis-
tributed data were presented as median (min–max). Data
were analyzed using SPSS (version 18.0).

Results

Seventy-three participants were enrolled in this study.
None of the participants met the exclusion criteria, and
all participants had normal developmental levels as
assessed by Denver II and MSEL. Results from the RPR
pretest indicate that 16 participants (21.9%) scored in the
10th percentile in any subtest; hence, they were categorized
as at risk.

All 31 participants with a risk of dyslexia joined the
training using computer-based early intervention under

Fig. 1 An example of the training material
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parents’ consent. Demographic data of at-risk participants
with dyslexia were demonstrated in ►Table 2.

►Table 3 demonstrates a comparison between the RPR
pretest and the RPR posttest. Participants show an improve-
ment in RPR post-test score compared to the RPR pretest
score in all domains of preliteracy reading skills.

In a follow-up, there was no report of computer-related
side effects in the computer-based early intervention group.
Teachers who supervised the implementation of SIPLE nei-
ther did report difficulties using the software nor did they
report that SIPLE interfered with routine activities in the
classroom.

Discussion

Firstly, the literature that examines the effectiveness of
phonological awareness and letter knowledge in the early
intervention was conducted in languages using the Latin
alphabet such as English,30 Spanish,31 and Dutch.32 Our
study is the first to demonstrate its effectiveness in Thai, a
language that is typologically and orthographically different
from those in previous studies. As such, we speculate that
phonological awareness training, combined with letter
knowledge training, could be a versatile early intervention
technique that applies to a wide variety of languages, re-
gardless of language family and/or orthography type. Indeed,
further exploration in this area is necessary to confirm
versatility across language types.

In addition, this study shows that computer-based early
intervention resulted in improved preliteracy skills. It is

consistent with previous studies stating that dynamic, com-
puter-based materials have been reported to improve child-
ren’s language production in general.33 Based on thefindings
in this study, we believe that computer-based early interven-
tion offers several technical features which might have
partially contributed to a great magnitude of improvement
in preliteracy skills. We suspect that this could have been
influenced by SIPLE’s dynamic and game-like nature, which
potentially created an enjoyable learning experience that
fosters and encourages prolonged engagement with the
training material.

In addition, literature shows that when a sound is repeat-
ed, it provides better sound-to-letter mapping.34With SIPLE,
at-risk children with dyslexia had the option to click the
speaker iconmultiple times to hear a sound (of a phoneme or
aword) before making a decision. Moreover, SIPLE is guaran-
teed to provide readily available and standardized auditory
input that can be repeated on demand.

Although SIPLE may offer advantageous technical fea-
tures, we believe that the environment of training may
have played a critical role. Studies have shown that in an
educational context, teachers are more effective in interact-
ing and engaging with preschool children.35 They are trained
professionals who have an understanding of various stages in
the learning process, as well as extensive experience in
classroom management where they employ appropriate
strategies to monitor, support, and encourage children’s
learning journey in an educational context. Furthermore,
the school environment is physically set up to accommodate
learning; it is designed tominimize distraction fromexternal
surroundings for focused learning. Combining professionally
trained teachers with a hospitable environment, the school
appears to be an ideal venue for uninterrupted learning.36

The study suffers from some limitations such as the
environmental settings in this study; therefore, we cannot
confidently conclude that the great magnitude of improve-
ment in preliteracy skillswas solely driven by the use of SIPLE
software. We suspect that when early intervention software
is executed and monitored in an appropriate learning envi-
ronment, it is deemed to produce an optimal outcome. We

Table 2 Demographic characteristics of at-risk participants

Demographic characteristics Descriptive results
(n¼ 16)

Malea 6 (37.5%)

Age (months) 64.74� 1.84

Daily screen time (hours)b 1.75 (0–4.5)

Daily reading time (hours)b 0.5 (0–2)

Number of storybooks in
the house (books)b

10 (0–100)

Family history of learning problema 4 (25%)

Parental education (below the bachelor’s degree)a

Paternal education 7 (43.75%)

Maternal education 8 (50%)

Monthly household incomea

< 1,000 U.S. Dollars 6 (37.5%)

� 1,000 U.S. Dollars 10 (62.5%)

MSEL (T-scores)

Receptive language 39.03� 6.50

Expressive language 36.90� 6.98

Abbreviation: MSEL, Mullen Scales of Early Learning.
Note: Data were presented as mean� SD
aData were presented as number of participants (percentage)
bData were presented as median (min–max).

Table 3 Comparison between RPR pre- and posttest of at-risk
participants with dyslexia participating in computer-based early
intervention

RPR subtests Pretest Posttest p-Value

Letter
knowledge
(points)

47.25� 17.19 68.25� 15.54 <0.001

Rapid letter
naming
(seconds)a

143 (92–238) 100 (64–184) <0.001

Initial sound
matching
(points)a

1 (0–1) 8 (5–9) <0.001

Abbreviation: RPR, Rama Pre-Read.
Note: Data were presented as mean� SD.
aData were presented as median (min–max).
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strongly encourage that future studies on early intervention
take environmental settings into account in the study design
since it has the potential to influence the outcome.

This is a preliminary study with a limited number of
participants from the Bangkokmetropolitan area. In addition
to factoring in environmental settings, we recommend in-
creasing the sample size and recruiting a more diverse pool
of participants for generalizability. In addition, the current
study has no control group and lacks long-term tracking of
reading skills. Further studies using larger randomized con-
trolled trials with longitudinal monitoring would further
elucidate the effectiveness of this intervention.

Conclusion

At-risk children with dyslexia have a high tendency to fall
behind in school because of their substandard preliteracy
skills. Early intervention offers an opportunity for these
children to improve such skills promptly. This preliminary
study demonstrates that computer-based early intervention,
using SIPLE, could bring additional benefits to Thai children
at-risk of dyslexia. We hope that insights from the present
study lay a foundation for future studies in the area of early
intervention in the children at-risk of dyslexia population.
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