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Abstract: This paper addresses a gap in research regarding the
efficacy of software programs to help children with reading
difficulties. Forty-two children aged 5-13 years identified as poor
readers participated in a study over twelve weeks using
ReadingDoctor, a software program targeting phonemic awareness,
orthographic-phonemic mappings, decoding ability and sight word
recognition. Measures were taken using the Sutherland Phonological
Awareness Test - Revised (SPAT-R), the Test of Word Reading
Efficiency (TOWRE), and the graphemes and decoding subtests of the
Phonological Awareness Test 2 (PAT-2). A quasi-experimental one
group study with three multiple baseline measures was used. The
dependent variables/measures were assessed seven times over a
period of 32 weeks, allowing the research to be completed in the
school-allocated timeframe. Significant improvements were found on
all three measures of phonological/phonemic awareness and word-
reading efficiency. These improvements were maintained when
assessed three months later, during which time the software program
was not used.

Introduction

Research suggests that phonological processing skills are critical for reading acquisition
(Carson et al., 2014; McArthur & Castles, 2013; Suggate, 2010), and that explicit teaching of
phonics is especially critical for children with a variety of conditions that make it harder to learn
to read (Savage & Carless, 2008; Shaywitz et al., 2008; Vadasy, 2010). One prevalent condition,
dyslexia, is characterised by “persistent literacy learning difficulties, especially difficulties in
word recognition, spelling, and phonological recoding, where phonological recoding is the
ability to convert letters and letter patterns into phonological forms” (Tunmer & Greaney, 2010,
p. 231). Dyslexia affects at least 10% of the worldwide population (Vellutino et al., 2004). Other
children, while not formally diagnosed with dyslexia, may also show poor reading skills.
Research suggests that all poor readers, whether dyslexic or not, have significant difficulties with
phonological processing (Foorman & Torgesen, 2001; Kuppen & Goswami, 2016; Tanaka et al.,
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2011), so approaches that target phonological awareness skills—particularly phonemic
awareness (Ehri et al., 2001)—are relevant to all poor readers, regardless of the reason they are
struggling.

While proficient readers are skilled at using letter/sound relationships to decode
unfamiliar words and to spell correctly (Bosse et al., 2013), children with poor reading skills,
including those with dyslexia, often find decoding difficult and may therefore struggle to read
unfamiliar words. Phonological awareness has been found to be an important prerequisite for
reading acquisition, and consists of a “broad awareness of the sound structures of speech,
including awareness of syllables, phonemes and rhyme” (Chera & Wood, 2003, p. 37). Phonemic
awareness is a subset of phonological awareness, and has been shown to be especially important
for reading acquisition (Ehri et al., 2001). One key phonemic awareness skill is blending, which
is the combining of phonemes to form words. Another key skill is segmentation, which refers to
separating words into distinct sounds. Research in the area of neuroplasticity suggests that
functional connectivity can be strengthened in the brain with appropriate phonics-based
intervention (Richards & Berninger, 2008). Phonological awareness, in particular phonemic
awareness, is therefore an important component of many programs designed to help poor readers
improve their reading ability (Ehri et al., 2001).

Computer-assisted instruction (CAI) to promote reading skills and phonological
awareness has progressed from basic programs for reading text aloud (Chera & Wood, 2003) to
more sophisticated, interactive programs that incorporate a video gaming element (Kast et al.,
2007). An early study by Chera and Wood (2003) demonstrated the efficacy of computer
software in improving the phonological awareness of children aged between 3 and 6 years. The
study involved “animated multimedia talking books” based on a Longman phonics-based reading
scheme, which presented oral versions of a text along with activities targeting “visual and
auditory letter sound awareness” (Chera & Wood, 2003, p. 41). However, while the results
showed an increase in phonological awareness, there was no increase in word recognition.
Moreover, since the children had not been identified as “at risk” with respect to their reading
skills, it 1s not clear whether the findings would also have applied to children experiencing
reading difficulty. Similarly, Wild (2009) investigated the phonological awareness skills of 127
children aged 5 to 6 years who were starting to read. The children were randomly assigned to one
of three groups: an experimental group of 44 children who used a computer program for Rhyme
and Analogy during one session per week over a period of 10 — 12 weeks; a control group of 43
children who did a paper-based version of the computer program; and an additional control
group of 40 children who underwent a computer-based practical mathematics program.
Phonological awareness improved in all three groups, but the children in the experimental group
who used the computer program specifically targeting phonological skills showed the greatest
improvement, evidenced by a modest statistical improvement when compared to the two control
groups. Smaller improvements were found in a study of kindergarten students (Macaruso &
Walker, 2008), where modest gains in reading performance and phonological awareness were
observed in both CAI and non-CAI groups. The students receiving supplementary CAI showed
slightly greater gains. However, significant group differences, especially regarding improved
phonological awareness, were only shown between the low performing students of the two
groups, i.e. students with lower initial reading performance. In a similar study of first-grade
students, significant group differences were again only found when analysis was restricted to
struggling students (Macaruso et al., 2006).

The overall finding of the above studies, namely a small effect of (supplementary) CAI
on reading ability with a larger effect seen in poor or struggling readers, was confirmed in a more
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recent review of twenty studies (Cheung & Slavin, 2013). Cheung and Slavin also noted a
variation across different types of computer programs, with greater effect sizes for small-group
interactive programs, modest effect sizes for supplementary software programs and small effect
sizes for comprehensive software programs. Most of the research reviewed by Cheung and
Slavin either focuses on younger children or shows either non-significant treatment effects or an
effect size close to zero (less than 0.1). There were two exceptions. Bass et al. (1986) evaluated
the use of a variety of software programs for students in grades 5 to 6 (expected ages 10 to 12
years) and found a benefit, albeit with a small effect size (+0.22 and +0.13 respectively on the
two measures used). The other exception was a study on READ 180 (Dynarski et al., 2007), a
comprehensive literacy intervention program which combines both computer and non-computer
intervention. The study evaluated vocabulary and reading comprehension with children in grades
4 to 6 (expected ages 9 to 12 years) and obtained effect sizes of +0.23 and +0.31 respectively.
Generally, however, there is a gap in research on the use of educational software with older
children, aged 9 and above, and the limited research that exists does not evaluate phonological
skills and does not demonstrate a benefit for the use of educational software with older children.

Despite the lack of studies independently evaluating particular tools, the literature offers
advice on what constitutes well-designed educational software from a theoretical point of view.
A review of the literature indicates three key points to consider: mode of use; the pedagogical
basis of the software design; and practical principles for designing and working with technology.

Warschauer (2007) argued that the way a tool is used is perhaps even more important
than the tool itself, and that a software program is most effective when used in conjunction with
face-to-face teaching. Savage et al. (2013) further emphasise the role of the teacher in
implementing a software program effectively, making two key points. First, they claim that
outcomes from reading intervention software programs are significantly impacted by the way
teachers manage the use of the software. Secondly, they highlight that key issues impacting on
the way teachers implement such software include both teacher competence with technology and
the availability of ‘just-in-time’ training.

A second key factor influencing the effectiveness of educational software is its
pedagogical basis. Bishop and Santoro (2005) provide a framework for evaluating beginning
reading software aimed at at-risk readers. From a pedagogical point of view, the two teaching
areas which Bishop and Santoro argue are most critical for the software to include are
phonological awareness and alphabetic understanding (phonemic awareness). Reflecting more
broadly from an instructional design perspective on pedagogical issues in beginning reading
software, Bishop and Santoro highlight the importance of a number of software features. For
example, they argue that software needs to be “systematic” (p. 61), facilitating progression
through increasingly more difficult tasks. Software should also be “instructionally supportive” (p.
62), providing enough information for a student to be able to work out how to use the program
effectively. In a broader context, Wood (2008, p. 91) points out that “a software tool may be
successful because it forces a certain style of learning that is effective, not because it is software”.
The focus when designing effective software for teaching has largely been on developing models,
frameworks and principles to steer the implementation of relevant pedagogy into online learning
(Clark, 2002; Conole et al., 2004). The most successful computer programs may be those that
use both visual and auditory prompts in a multisensory approach (Kast et al., 2007), as such
approaches have been shown to enhance learning (Kast et al., 2011).

Technological aspects of educational software represent a third key factor impacting its
effectiveness. Focusing on beginning reading software for at-risk readers, Bishop and Santoro
(2005) identify three key features of interface design: aesthetics, relating to the look and feel of
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the interface; operational support, relating to the support available for navigating the software
that is available within the software itself; and interactivity, meaning the capacity of the software
to engage the user and provide them with a sense of driving the program through their interaction
with the software. In a broader context, Winn and Clark (2011) note that perhaps the most
significant principles for the users and designers of software are Clark and Mayer’s (2003)
principles for multimedia learning. These principles are based on research into how the human
brain learns most effectively and are formulated as transparent, practical principles that users and
designers of online tools can make use of in their work. Among the most well-recognised of
Clark and Mayer’s principles are the Multimedia Principle, which suggests using words and
graphics together rather than just words to encourage learning; the Contiguity Principle, which
suggests aligning words with corresponding graphics; and the Modality Principle, which
suggests using audio rather than on-screen text to describe graphics.

One of the issues in evaluating existing CAI programs that focus on phonological
awareness is that there is, overall, a lack of both analysis of the pedagogical and technological
design of the programs, and of peer-reviewed studies evaluating their effectiveness. For example,
one of the most popular programs focusing on phonological awareness in Australia is called
ABC Reading Eggs. However, the authors cannot find any study examining the effectiveness of
this program. Another well-known approach is Sounds-Write, which uses a linguistic phonics
approach and includes some computer-based elements. While the developers of Sounds-Write
have evaluated its efficacy in a large study of students using the program over six years (Case et
al., 2009), the authors cannot find any relevant peer-reviewed study.

One exception to this lack of peer-reviewed programs is ABRACADABRA (ABRA for
short). This is a software program for improving literacy that was developed in Canada and has
evaluations of its effectiveness reported in several peer-reviewed journal articles (e.g. Abrami et
al., 2014; Savage et al., 2013; Wolgemuth et al., 2013). One large (n = 1067) cluster randomized
control trial (RCT) of kindergarten, grade 1 and grade 2 students in Canada (Savage et al. 2013)
found that the use of ABRA had significant positive effects on phonological blending and letter
sound knowledge, and increased the speed at which students were able to do phoneme
segmentation when compared with wholly manual instruction. However, no detail is provided
about the type of instruction provided to students in the control group, so it is difficult to
ascertain whether the improvements in the experimental group were a result of the use of ABRA
per se or arose because of the type of instruction provided. For example, students in the
experimental group were taught using a phonics-based approach whereas students in the control
group may not have been taught phonics. A study using ABRA with Indigenous and non-
Indigenous students in northern Australia (Wolgemuth et al., 2013) also found positive effects on
phonological awareness (d = .37) and phoneme-grapheme knowledge (d =.37). This study did
provide some information about the type of instruction provided to students in the control group,
and control group instruction did include a phonics component, although whether the amount of
time given to phonics instruction in both control and experimental groups is comparable is not
clear.

From a teacher education point of view, it is important that software is ‘on the radar’ of
teachers as being a useful tool for children struggling with reading. There are many children who
struggle with reading but do not qualify for much, if any, School Support Officer (SSO) time.
Yet the evidence is clear that the gap between good and poor readers tends to persist or increase
over time without quality instruction (Ferrer et al., 2015; Stanovich, 1986). High quality,
evidence-based software may therefore help fill this gap. However, in 2020 there were over
500,000 education apps available in the Apple store alone (Educational App Store, 2021). The

Vol 45, 12, December 2020 4



Australian Journal of Teacher Education

variety can be overwhelming, and it is not known how many of these apps have been
independently tested for efficacy. Such independent evaluation is vital so that teachers know
which tools to trust and plays a key role in clarifying some of the obfuscation that emerges from
marketing or lobbying by tech companies.

A further issue giving impetus to this study is the relatively high percentage of children
struggling with reading. For example, the Progress in International Reading Literacy Study
(PIRLS) (Thomson et al., 2017) demonstrates that 19% of Australian 10-year-old children do not
meet the ‘intermediate’ benchmark in reading ability. In South Australia, the state where this
study was conducted, that number is approximately 25%, and the most recent results of the
phonics screening check (Government of South Australia, 2018) showed that 57% of students
did not meet the expected achievement level (i.e. 28 words or more out of 40). In advantaged
communities, 45% of students did not meet the expected achievement level; in schools serving
low SES communities, the figure was a massive 82%. Overall, 566 students (4%) did not answer
any of the words correctly in the test. This indicates that there are many children who need high
quality, evidence-based intervention to support them to reach key reading benchmarks.

One of the challenges in providing high quality, evidence-based intervention in a
classroom context is the differing knowledge and skill bases of individual students. There is
some evidence, however, that differentiated instruction can increase learning (e.g. Haelermans et
al., 2014), and software that provides an individually tailored, scaffolded approach that allows
learning content to be differentiated for each individual student has the greatest potential. In
addition, if children need additional reading support outside the classroom, a program is needed
that allows an opportunity for the teacher to guide parents in how to support learning from home,
using the software.

The current study arose from both a growing interest in the effectiveness of appropriate
remedial computer-based intervention for students with a range of reading difficulties, and an
interest in testing a particular multisensory tool (ReadingDoctor!) that focuses on developing
those areas of phonics shown to be most critical for reading acquisition. The design of
ReadingDoctor (RD) draws together many insights from current research in the area of reading
acquisition and dyslexia, providing a software program that aims to increase phonemic
awareness and grapheme to phoneme decoding, and to strengthen visual word recognition skills
using a multisensory (auditory-visual) approach. ReadingDoctor was developed in Australia and
is widely used in an Australian context. The main aim of the study was to investigate whether
consistent use of computer-assisted instruction (in this case RD software used for twenty minutes,
five days per week, over twelve weeks) significantly improved phonological awareness,
especially phonemic awareness, and (word) reading skills in primary school children who had
been identified by their teachers as having difficulty reading. Analysis of the results occurred in
two age groups (5-8 years and 9-13 years), in the expectation that the younger children would
show lower performance/ability in reading or phonological processing than the older children,
and in order to separately identify the effect of the software on younger and older children. This
particular software had not previously been tested in this way.

! This article includes a word which is or is asserted to be a proprietary term or trade mark. Its inclusion does not
imply it has acquired for legal purposes a non-proprietary or general significance, nor is any other judgement
implied concerning its legal status.
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ReadingDoctor

ReadingDoctor (RD) comprises a number of games or exercises to improve phonological
and phonemic awareness and visual word recognition, with an emphasis on phonological-
orthographic processing. The activities include games designed to strengthen letter sound
knowledge, blending, segmentation and sight word recognition.

ReadingDoctor’s multisensory approach is designed to help students to make meaningful
associations between letters and the phonemes and sounds they typically represent (see Figure 1).

Figure 1: ReadingDoctor scaffolding provided by visual, articulatory and auditory cues, prompting the
student to associate visual cues, written symbols and sounds.
At Level 0, cues are most explicit, becoming gradually less explicit as the student progresses to Level 3.

The program uses visual, auditory and articulatory mnemonics to establish
letter/phoneme associations and strengthen decoding skills. In Figure 1, the vertical column
below each level header (LEVEL 0, LEVEL 1, LEVEL 2, LEVEL 3) illustrates the cues that
appear at each level. The levels are progressive, so that, for example, the more times a student
clicks correctly on the apple picture, in response to an auditory cue, the more progressively the
apple picture fades and the letter a comes to the fore. Both visual and auditory cues become less
explicit with increasing levels, until they are not presented at all, although they reappear after an
incorrect response.

Figure 2 shows the game for letter/sound correspondence. Pictures that closely resemble
letter shapes, such as the ladder and tap, are superimposed with the letter representing the
picture’s initial sound. The umbrellas indicate that a particular letter/sound correspondence has
been consecutively correctly identified enough times to be removed from the activity.
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Figure 2: Screen from ReadingDoctor showing letter sounds using 25 symbols.
Symbols that have been correctly recognised up to level 3 have been covered by umbrella pictures; other symbols
are at various levels, with the particular level indicated by the number of stars in the lower left corner of the tile box.

Points are awarded for correct identification of letter/sound correspondence. The bottom
right corner of the screen shows a visual prompt which is the mouth positioning of the
production of the sound; the mouth moves appropriately each time the RD program says the
sound.

As well as facilitating the learning of letter/sound relationships, RD targets phonemic
awareness skills, including blending, which is a crucial skill underpinning decoding ability
(Gambrell et al., 2007). A screenshot from the blending game is shown in Figure 3.

Figure 3: A screenshot from the blending game.
The blending game requires a word, in this case “frog”, to be matched to a corresponding picture tile.

In the blending game, the student moves the mouse over the tiles forming a word, and
visual, verbal and articulatory cues assist the student with the blending task, which is to match
the word with the appropriate picture tile. As with all games in ReadingDoctor, visual and
auditory cues fade as the level increases. Initially, the program sounds out the letters in the word
and blends the word for the student. If the student provides correct responses, the support is
gradually removed until the student is required to decode the word independently. The number of
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words to be blended can be varied from 2 to 15. The cueing level, the number of responses
required to complete a target and the difficulty of vocabulary used can also be adjusted.

Another key reading skill is recognition of high-frequency ‘sight words’, many of which
are irregularly spelled and therefore need to be learned using an element of visual memorisation
rather than decoding skills alone. The sight words that are presented in RD were selected from
the Medical Research Council (MRC) psycholinguistic database, based on frequency of
occurrence in the language, with the addition of words that were not picked up by the MRC
database but recurred in several other high frequency word lists. Preference was given to
irregularly spelled sight words and regularly spelled sight words that contain graphemes that are
typically not taught until later in the synthetic phonics sequence (e.g. the, by).

RD uses a multisensory approach to facilitate sight word recognition, as shown in Figure
4.

Figure 4: A sight word recognition game in ReadingDoctor, where words are not blended but recognised by
emphasising the shape of the word.

Sight words are not blended or segmented, but instead the shape of the word is emphasised with
coloured highlighting; in Figure 4 the words are highlighted in purple, orange and green. The
difference between regular and irregular components of the word is emphasised with yellow
highlighting (for irregular components) around the particular letters; for example, in Figure 4 in
the word “two”, the “t” 1s not highlighted because it is pronounced as expected, phonologically,
whereas the “wo” is highlighted in yellow because its pronunciation is irregular. The current
word that the student needs to click on (the yellow arrow is the cursor) is shown in the upper-
right corner of the television screen. The mouth in the lower-right corner produces the word for
the child to do auditory word-picture matching. For each word, the more times a student
correctly clicks on the particular word, the more the visual and auditory cues fade. The student
can start from any level and the number of words can be varied from 2 to 25.

Why ReadingDoctor?
A key reason for choosing ReadingDoctor (RD) for this study is that it was developed

locally and is widely used in South Australian schools. The other key reason is that when the
researchers evaluated RD against criteria suggested in the literature as being important for
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educational software, both from a pedagogical and technological point of view, RD stands up
well.

From a pedagogical point of view, a key feature of RD is that it uses a multisensory
approach to teach children phonemic awareness and to develop visual word recognition skills.
There are four important reasons for the approach taken by RD. First, multisensory approaches to
teaching reading—approaches involving more than one of visual, auditory, kinaesthetic and
tactile elements—have been found to be more effective than single-sense approaches (Rose,
2009). A multisensory approach is particularly critical for poor readers (Finn et al., 2014; Rose,
2009). Secondly, a growing body of research shows differences in the way the brains of good
and poor readers function when reading (Shaywitz & Shaywitz, 2005). Poor readers tend to show
less activity in areas of the brain that link language to visual cues (Finn et al., 2014), and the
region of the brain responsible for multisensory integration of letters and speech sounds has been
shown to be underactive in both children (Blau et al., 2010) and adults (Blau et al., 2009) with
dyslexia. Thirdly, a number of studies have now shown that with appropriate, phonics-based
intervention, the brain functioning of poor readers begins to resemble that of more proficient
readers (Richards & Berninger, 2008; Shaywitz & Shaywitz, 2005). Fourthly, the use of
technology to provide multisensory learning enables RD to deliver a level of multisensory
learning that would be very difficult for a classroom teacher to provide without the use of
technology, and allows the multisensory learning to be differentiated for individual students; this
may increase learning (e.g. Haelermans et al., 2014).

Another key, pedagogical principle that is well implemented in the software is the
importance of timely, constructive feedback. Wiliam (2007) provides evidence of a positive
relationship between constructive feedback and improved student results. When a student using
RD gives a wrong answer, they are immediately provided with feedback that their answer is
wrong and a succinct explanation as to why. This level of consistent feedback would be very
difficult for a classroom teacher to provide to individual students.

ReadingDoctor (RD) meets all of Bishop and Santoro’s (2005) criteria for beginning
reading software. For example, from a pedagogical point of view, Bishop and Santoro argue that
beginning reading software must focus on phonological and phonemic awareness, and RD
includes an intensive focus on phonological and phonemic awareness, as described in the
previous section. In addition, Bishop and Santoro argue that software must be “systematic” (p.
61) and “instructionally supportive” (p. 62).

RD is systematic because it provides numerous ways of scaffolding the program so that it
can be tailored to particular student needs, and students can advance to new levels of attainment.
For example, as a student correctly identifies a letter/sound correspondence more and more times,
both visual and auditory cues decrease. This fading of prompts matches Woolley’s (2010) advice
that teachers should scaffold student vocabulary learning so that students “develop effective
metacognitive strategies to monitor and regulate their own meaning-making activity” (p. 128)
without constant teacher support (p. 121), and Wild’s (2009) suggestion that scaffolding should
become less explicit as the learner’s skills progress. In contrast to the visual and auditory cues,
the articulatory cue—the mouth that makes the appropriate movements to produce the particular
sound under consideration—does not fade as the learner progresses. This is because the purpose
of the articulatory cue is to demonstrate explicitly the orthographic representation of speech
sounds in language. This is important, because there is an established link between articulatory
awareness and reading ability (Adair et al., 1999; Griffiths & Frith, 2002; Montgomery, 1981).

RD is also instructionally supportive, providing clear audio instructions on mouse click,
as appropriate, to explain to students what their task is and how to use the software to complete
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the task. For example, students hear the message “click on the green man to start the game”, and
are able to click on a repeat symbol to re-hear particular instructions during the game.

Shifting to an instructional design point of view, Bishop and Santoro (2005) argue that
software needs to be “aesthetic” (p. 59), “operationally supportive” and “interactive” (p. 60). RD
provides a consistent look and feel for all games throughout the software, thus meeting the
“aesthetic” criterion. It is also operationally supportive, because it provides considerable,
multisensory support for navigating around the program, and it is highly interactive. Overall, RD
thus meets all of Bishop and Santoro’s (2005) characteristics for beginning reading software.

ReadingDoctor also accords with Clark and Mayer’s principles (2003), of which the three
most significant are discussed here in more detail. Both letters and words, and pictures
representing them, are regularly used to facilitate learning (the Multimedia Principle). Text is
clearly aligned to corresponding graphics in a variety of ways so that both text and picture can be
seen at the same time at the appropriate levels of presentation (the Contiguity Principle).
Students hear a sound or word spoken and are required to match what they hear with the
corresponding graphic (the Modality Principle).

In summary, ReadingDoctor was chosen for this study because it is locally designed,
widely used in the local context, and designed in a way that is consistent with current research on
how to use software to teach literacy skills.

Method
Ethics

This study received ethics approval from the Flinders University Social and Behavioural
Research Ethics Committee and the University of Adelaide Human Research Ethics Committee.
Parents gave their consent for their children to participate in the study.

Participants

The participants in this study were 45 primary school students, of whom 42 completed
the study. The children were aged between 5 and 13 years, and were identified by their teachers
as being poor readers, although only four had been given a formal diagnosis of dyslexia. The
wide age range reflected the inclination of the participating school that students of all ages
should be able to participate. It also allowed comparison of the efficacy of the intervention in a
school setting across different age groups.

The participants were divided into two age groups in the analysis of the results—24
children between the ages of 5 and 8 years and 18 children aged between 9 and 13 years—in the
expectation that the younger children would show lower performance/ability in reading or
phonological processing than the older children.
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The Study

All participants undertook set exercises from the ReadingDoctor software program over
two six-week periods, with a two-week school holiday break in between. Each student was given
exercises designed to strengthen certain aspects of their phonological processing skills. Specific
exercises included were: letter/sound recognition; blending (i.e. joining sounds together to make
words); segmentation (i.e. separating words into distinct sounds); and sight word recognition (i.e.
quick recognition of high frequency words, many of which were irregular). Each student was
given the same exercises in each of these areas, and all students were allocated approximately
75% of their work on phonemic awareness and decoding tasks, and 25% of their work on sight
word tasks, reflecting the relatively higher importance of decoding ability in learning to read.
Each student participated in a learning process involving gradually more challenging levels
within games or tasks, according to their competency. Overall, each student was allocated tasks
requiring twenty minutes of work each day. Approximately every two weeks, student progress
was checked by reviewing the tasks they had completed and the speed with which they were able
to complete them, and the set exercises were adjusted accordingly.

In this study, given Warschauer’s (2007) advice that the way a tool is used is at least as
important as the tool itself, and that a software program is most effective when used together
with face-to-face teaching, the use of RD was carefully scaffolded and monitored. For example,
each student had several RD games to play during each twenty-minute session. In order to make
sure that students were able to use the software correctly, instruction cards with visual cues were
prepared for each student to highlight the games they should play. A routine was established
where, after completing a game, students drew the attention of the instructor in the room to
choose a sticker to display on their card. This allowed the instructor to keep track of whether the
software was being used correctly, and also to be present when the student was setting up the
subsequent game, and the instructor could then correct any errors in the game selection or setup
before the game started. Further, the software automatically provided usage data which was
analysed on a regular basis to make sure that students were using the software appropriately; the
vast majority of students were doing so, with only a few exceptions where students missed
games they should have played.

Research Design

Originally, the study was designed as a single-subject design in anticipation of a small
sample size. However, as more students with reading difficulty were identified and more
computers became available, the participating school requested that up to 45 students participate
in the study. Consequently, the current study was a quasi-experimental, one-group study without
a control group, but with three multiple baseline measures to control for repeated testing.

A total of seven tests were conducted throughout the study to evaluate the efficacy of RD.
The same test measures for phonemic awareness and reading efficiency at word level were taken
each time. Three baseline measures or tests were taken before the intervention, with the third
baseline measure scheduled immediately prior to the start of the intervention. The fourth test was
conducted following six weeks of using RD. There was then a two-week school holiday break
with no exposure to RD. The fifth test was conducted at the end of these two weeks. The sixth
test was conducted at the end of the second period of six-week exposure to RD. The seventh and
final test was conducted three months later, after a six-week summer holiday break and the start
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of the new school year. The final test was conducted to demonstrate whether or not any
improvement in phonemic awareness and/or reading ability was maintained over the three-month
period of non-exposure.

During each of the seven testing sessions, each student was tested using three different
measures of reading ability: the Sutherland Phonological Awareness Test - Revised (SPAT-R)
(Neilson, 2009), the Test of Word Reading Efficiency (TOWRE) (Torgeson et al., 1999), and the
graphemes and decoding subtests of the Phonological Awareness Test 2 (PAT-2) (Robertson &
Salter, 2007). These measures were used rather than some form of connected text because they
enabled detailed testing to be completed in an appropriate timeframe and because of the wide age
range of children (5 to 13 years) in the study. The SPAT-R provides a focus on early
phonological skills, such as rhyming, and is normed on Australian children; its inclusion allowed
pre-reading skills to be tested in younger children and highlighted the areas in which some older
children were struggling. The TOWRE is a timed test and measures the speed of (word and
nonword) reading accuracy. It was particularly useful with some older children who
demonstrated a very different capability with respect to reading nonwords compared to words.
The PAT-2 was included because it tests graphemes of increasing difficulty, and also includes a
nonword component (the decoding subtest), enabling a more precise evaluation of decoding
difficulty than either of the other two tests. For example, the PAT-2 includes nonwords in the
following groups: Vowel-Consonant (VC), Consonant-Vowel-Consonant (CVC), consonant
digraphs, consonant blends, vowel digraphs, R-controlled vowels, CVC words ending in e, and
diphthongs. The TOWRE and the SPAT-R each have an A or B version of the test; the A version
was used each time for consistency in the measurement. Seven different testers were trained in
the administration of the tests and participated in the testing process, each following the
guidelines for administration provided by each of the tests.

Results

The mean group performances on the two assessments for phonemic awareness (SPAT-R
and PAT-2) and the assessment for word reading proficiency (TOWRE) were analysed as
follows. First, three two-way Analyses of Variance (ANOVA) with repeated measures (3) were
conducted for each assessment across the three baseline measures to test for any significant
differences in the overall mean group performances before the start of the first six weeks of
computer-assisted intervention. Secondly, a two-way ANOVA with repeated measures (5) was
performed on the mean group performance in each of the three tests across five points in time to
determine the overall significance between the mean performances on each of the three
assessments. Hence, the within-subjects variable comprised testing at baseline 3; after the first
six-week block of computer-assisted intervention; after the two-week break; after the second six-
week block of computer-assisted intervention; and 3 months after the intervention. The between-
group variable was Age, comprising predicted differences in the performances of the 5-8 year
olds and 9-13 year olds.

Apriori pairwise comparisons of specific interest were the comparisons of the mean test
performances between baseline 3 and performance after the first six-week block of computer-
assisted intervention, between baseline 3 and performance after the second six-week block of
computer-assisted intervention, and between baseline 3 and performance at 3 months after the
entire intervention. All pairwise comparisons were conducted with the Bonferroni adjustment.
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Baseline Measures

The mean performances and standard deviations across the three baseline measures are
displayed in Table 1. The three two-way ANOV As with repeated measures showed significant
differences across the three baseline measures for each assessment as follows: SPAT-R (F(2, 80)
=18.44, p<0.001); PAT-2 (F(2, 80) =7.75, p< 0.001); TOWRE (F(2, 80) = 19.51, p<0.001).
Significant Group differences were also found for each assessment [SPAT-R (F(1, 80) =20.94,
p<0.001); PAT-2 (F(1, 80) =25.69, p<0.001); TOWRE (F(1, 80) = 44.76, p< 0.001)], whereas
none of the three interaction effects (Baseline measure x Group) was significant [SPAT-R (F(2,
80) = 0.38, p=0.68); PAT-2 (F(2, 80) = 0.52, p= 0.60); TOWRE (F(2, 80) = 1.10, p=0.34)]. The
significant group differences combined with the lack of significant interaction effects indicate a
parallel improvement in performance across the two age groups, i.e. a test-retest or learning
effect in both age groups.

Post hoc pairwise comparisons using the Bonferroni correction revealed a significant test-
retest or learning effect between baseline measure 1 and baseline measures 2 and 3, but not
between baseline measures 2 and 3 on all three assessments (see Table 1).

The total mean score across the two age groups went up on the SPAT-R by an average of
3.46 (p< 0.001) between baseline measures 1 and 2, and by an average of 3.97 (p< 0.001)
between baseline measures 1 and 3. The average difference of 0.51 between baseline measures 2
and 3 was non-significant.

The total mean score on the PAT-2 increased by an average of 6.35 (p< 0.001) between
baseline measures 1 and 2, and by an average of 6.88 (p< 0.001) between baseline measures 1
and 3. The average difference of 0.54 between baseline measures 2 and 3 was non-significant.

The total mean score on the TOWRE increased by an average of 4.62 (p< 0.001) between
baseline measures 1 and 2, and by an average of 5.54 (p< 0.001) between baseline measures 1
and 3, whereas the average difference of 0.92 between baseline measures 2 and 3 was again non-
significant.
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SPAT-R PAT-2 TOWRE

Mean StDev Mean StDev Mean StDev

Baseline 1 overall 37.90 12.79 73.40 29.77 51.31 31.26
5 to 8 years 31.88 13.26 58.29 26.81 31.79 25.84

9 to 13 years 37.90 12.79 93.56 20.32 77.33 14.11
Baseline 2 overall 41.31 12.54 79.50 31.49 55.74 33.30
5 to 8 years 34.96 12.82 62.88 29.82 35.08 28.55

9 to 13 years 49.76 491 101.67 16.67 83.28 12.89
Baseline 3 overall 41.90 11.77 80.05 31.46 56.69 33.44
5 to 8 years 36.08 11.74 63.50 29.81 36.25 28.31

9 to 13 years 49.67 6.03 102.11 16.82 83.94 15.38

SPAT-R PAT-2 TOWRE

Mean StDev Mean StDev Mean StDev

Comp program 1 43.95 11.50 85.26 29.07 61.19 34.05
5 to 8 years 38.46 11.86 70.83 27.74 41.17 30.04

9 to 13 years 51.28 541 104.50 17.66 87.89 15.94
Break overall 43.79 11.61 85.29 29.33 62.76 33.53
5 to 8 years 38.29 11.74 69.25 26.61 41.46 27.04

9 to 13 years 51.11 6.26 106.67 16.39 91.17 15.06
Comp program 2 45.48 11.39 88.64 29.77 65.05 34.21
5 to 8 years 39.92 12.079 74.29 30.14 43.88 29.33

9 to 13 years 52.89 3.71 107.18 15.13 93.28 13.52
Maintenance overall 46.36 11.05 91.88 31.20 66.14 34.52
5 to 8 years 41.08 11.58 78.08 33.57 45.67 30.73

9 to 13 years 53.39 4.63 110.28 14.00 93.44 14.68

Table 1: Mean group performances and standard deviations on the two assessments of phonological
awareness (SPAT-R and PAT-2) and word reading efficiency (TOWRE).
Forty-two students participated in the study; results were analysed overall (n = 42) as well as in two groups, one of 5
to 8 year olds (n = 24) and another of 9 to 13 year olds (n = 18).

Consequently, baseline measure 3 was used in determining the overall efficacy of the computer-
assisted remedial reading program.

Overall Efficacy of the Computer-Assisted Remedial Reading Program (ReadingDoctor)

The three two-way ANOV As with repeated measures showed significant differences
across the five assessment periods during the intervention (baseline 3, first six-week block, break,
second six-week block, and maintenance after 3 months): SPAT-R (F(4, 160) = 12.05, p< 0.001);
PAT-2 (F(4, 160) = 12.06, p< 0.001); TOWRE (F(4, 160) = 7.71, p< 0.001). Significant Group
differences were also found for each assessment [SPAT-R (F(1, 40) =20.33, p<0.001); PAT-2
(F(1, 40) =22.33, p<0.001); TOWRE (F(1, 40) =45.87, p< 0.001)], whereas none of the three
interaction effects (Baseline measure x Group) was significant [SPAT-R (F(4, 160) = 0.22, p=
0.93); PAT-2 (F(4, 160) = 1.29, p=0.28); TOWRE (F(4, 160) = 0.22, p=0.89)].

The overall TOWRE score is based on the combined scores for reading real words or sight
word efficiency and reading nonwords or phonemic coding efficiency. Performance of both
subcomponents improved significantly over the duration of the study: sight word efficiency (F(4,
160) = 5.87, p< 0.001), and phonemic decoding efficiency (F(4, 160) = 6.37, p<0.001. As
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expected, the younger age group showed significantly lower performance: sight word efficiency
(F(1,40) =51.98, p<0.001), phonemic decoding efficiency (F(1, 40) =22.82, p<0.001) (see
Table 2). The interaction effects were again not significant.

Sight Word Phonemic Coding TOWRE
Efficiency Efficiency

Mean StDev Mean StDev Mean StDev

Baseline 1 overall 38.14 23.02 13.17 9.89 51.31 31.26
5 to 8 years 23.17 19.12 8.63 7.31 31.79 25.84

9 to 13 years 58.11 6.71 19.22 9.78 77.33 14.11
Baseline 2 overall 40.07 23.15 15.67 11.15 55.74 33.30
5 to 8 years 25.00 19.33 10.08 9.80 35.08 28.55

9 to 13 years 60.17 6.23 23.11 8.20 83.28 12.89
Baseline 3 overall 41.69 24.08 15.00 11.37 56.69 33.44
5 to 8 years 26.25 20.73 10.00 8.49 36.25 28.31

9 to 13 years 62.28 5.63 21.67 11.49 83.94 15.38
Comp program 1 43.31 23.28 17.88 12.59 61.19 34.05
5 to 8 years 28.63 20.46 12.54 10.61 41.17 30.04

9 to 13 years 62.89 5.56 25.00 11.67 87.89 15.94
Break overall 44.07 22.76 18.69 12.28 62.76 33.53
5 to 8 years 29.54 19.61 11.92 8.28 41.46 27.04

9 to 13 years 63.44 5.74 27.72 10.94 91.17 15.06
Comp program 2 46.21 23.85 18.83 11.97 65.05 34.21
5 to 8 years 31.25 21.15 12.63 9.41 43.88 29.33

9 to 13 years 66.17 5.34 27.11 9.94 93.28 13.52
Maintenance overall 46.52 22.88 19.62 13.28 66.14 34.52
5 to 8 years 32.46 20.82 13.21 11.09 45.67 30.73

9 to 13 years 65.28 4.98 28.17 11.13 93.44 14.68

Table 2: Mean group performances and standard deviations on the two subcomponents (reading real words
or sight word efficiency and reading nonwords or phonemic coding efficiency) of the assessment of word
reading efficiency (TOWRE), shown together with the combined TOWRE score.

Forty-two students participated in the study; results were analysed overall (n = 42) as well as in two groups, one of 5
to 8 year olds (n = 24) and another of 9 to 13 year olds (n = 18).

In summary, there were significant overall differences in the average performances across
the intervention period, despite the fact that, overall, younger participants showed a significantly
lower mean performance than the older participants across the study.

Using the Bonferroni correction, post hoc comparisons between baseline measure 3 and
the assessment after the two blocks of the computer-assisted reading program revealed
significant improvements in the performances, i.e. the overall efficacy of RD in improving
phonemic awareness, and word reading efficiency. In terms of phonemic awareness, the total
mean score on the SPAT-R went up by an average of 3.53 (p< 0.001), and the total mean score
on the PAT-2 increased by an average of 8.23 (p< 0.001). In terms of word reading efficiency,
the total mean score on the TOWRE increased by an average of 8.48 (p< 0.001).

Post hoc analysis also revealed that improved phonemic awareness was sustained 3
months after the computer-assisted reading program; the mean score difference between baseline
measure 3 and maintenance was 4.36 (p< 0.001) on the SPAT-R and 11.38 (p<0.001) on the
PAT-2. The significant improvement was also found with respect to reading efficiency with an
average improvement on the TOWRE of 9.46 (p< 0.001) between baseline measure 3 and mean
performance 3 months after the intervention.
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On the other hand, post hoc testing between baseline measure 3 and the assessments after
the first six-week block of computer-assisted reading did not reveal significant improvements in
phonemic awareness given the smaller improvements in average performance of 1.89 (p=0.03)
on the SPAT-R and of 4.86 (p=0.06) on the PAT-2. The same was found regarding reading
efficiency with an average increase of 1.49 (p=1.0) on the TOWRE.

Figure 5: Mean group performance on assessments of phonemic awareness and word reading efficiency
divided by age (5-8 years (n = 24) vs. 9-13 years (n = 18)).

Discussion

Overall, the results indicate that the use of RD made a significant difference to both
phonemic awareness and word reading efficiency after two six-week blocks of the program,
regardless of age. With respect to phonemic awareness, the results from the SPAT-R and PAT-2
showed significant improvements when comparing the third baseline measure with the results
after the second block but not the first block. With respect to word reading efficiency, the
TOWRE test also showed significant improvement, again after the second but not the first block.
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Both subcomponents of the TOWRE—sight word reading and phonemic decoding of
nonwords—showed a significant improvement across the duration of the study.

All improvements were significant in both age groups, although, as expected, the
performances of the younger age group were significantly lower; younger children would be
expected to have less well-developed knowledge of phonological and phonemic awareness. All
improvements after the second block of RD were also long lasting, in that they were upheld three
months after the second, final block.

Overall, the findings show the efficacy of (supplementary) computer-assisted instruction
with RD in children with reading difficulties, improving phonological and, more specifically,
phonemic awareness as well as basic word reading skills in terms of reading (decoding)
nonwords and the efficiency of sight word reading.

The results are particularly interesting because of the wide age range of children involved
in the study (5-13 years). Suggate (2010) argued that phonics-based interventions are more
effective for younger children (before grade one) and Shaywitz et al. (2008) argued that remedial
approaches in general are less effective post-second grade. Torgesen et al. (2010), however,
found that phonological intervention was also effective for 8 to 10 year old children with very
low word reading ability. The current study suggests that CAI that focuses on phonemic
awareness and decoding skills is effective, and may be potentially helpful for older as well as
younger children, since fourteen children were aged between 10 and 13 years at the time of the
first baseline test, and results of younger (5 — 9 years) and older (10 — 13 years) children were
analysed in two separate groups. Further work should involve a larger study comparing children
in two age groups. The aim would be to see whether the reading gains experienced in each group
are similar, and whether a benefit in increasing phonemic awareness can be demonstrated for
older children. Also, a study that includes a ‘business as usual’ group and a group being
delivered the same content by a teacher would be beneficial.

Another interesting aspect of the results of this study is that the use of RD led to gains in
both phonemic awareness and sight reading. In the large Canadian study where sight word
reading, fluency and comprehension were evaluated, the use of ABRA did not lead to gains in
these areas (Savage et al., 2013). It may be that the combined, intense focus on phonemic and
phonological awareness, together with sight word practice, led to this result. However, given the
limitations of this study with respect to the lack of a control group, more research is needed to
draw definite conclusions in this area.

Phonemic and single-word reading measures, rather than some form of connected text, were used
in this study because they enabled detailed testing to be completed in an appropriate timeframe
and because of the wide age range of children (5 to 13 years) in the study. The SPAT-R test
allowed pre-reading skills to be tested in younger children and highlighted areas in which some
older children were struggling. The TOWRE tested the speed of both word and nonword reading
skills and this was particularly useful with some older children who demonstrated a very
different capability when it came to the speed and accuracy with which they could read words
and nonwords. The PAT-2 subtests tested detailed grapheme knowledge. Interestingly, there is
evidence (Kjeldsen et al., 2014) that phonological awareness levels in kindergarten predict
reading comprehension as late as year 9, so tests such as those used in this study may
increasingly be used as measures to predict future reading ability.

An important consequence of not having a control group in a study is that the findings in
a single group study could be attributed to a test-retest practice effect. However, while a test-
retest effect cannot be completely ruled out—and this is a limitation of the study—the
improvements in phonemic awareness and word reading are unlikely to be the result of a test-
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retest practice effect, since a practice effect was present for all three assessments between the
first and second pretests, and then for none of the assessments between the second and third
pretests. Any practice effect is likely to be largest between the first and second attempts at the
test (test 1 and test 2) and will wear off subsequently. Performances post intervention (after the
first and second intervention period of six weeks) were compared with the performance on the
third baseline measure, by which time the (test) practice effect was absent. > Future work should
be focussed on whether or not these results can be replicated in a study with a control group,
preferably with random allocation of the participants to the experimental and control groups.
Another limitation was the decision to only use Form A of the TOWRE and SPAT-R tests.
Forms A and B should have been alternated to reduce the potential influence of test-retest effects.
However, the time between the final pre-test and the first post-test was six to seven weeks. While
this pair of tests (test 3 and test 4) showed a significant improvement in skills tested, there was
no such improvement between the first post-test (test 4) and subsequent pre-test (test 5) before
the second period of intervention. Since testing periods 4 and 5 served the purpose of re-testing
after a school break where students had not used the software, and were only two to three weeks
apart, it would seem to suggest that any test-retest effect during intervention periods was
minimal. However, it would have been useful to retest during normal instruction rather than over
a holiday break—in other words, to stop the program while normal classroom instruction
continued and retest following this pause—in order to completely rule out a test-retest effect.

A further limitation of the study is that the inclusion criteria for the study were for
students to be identified by their teachers as having difficulty reading. A future study ought to
determine inclusion by testing students using recognised assessment measures.

The findings of the current study support the growing body of research suggesting that
phonological awareness, especially phonemic awareness, is critical for reading acquisition (Ehri
et al., 2001; McArthur & Castles, 2013). During this study, participants did their normal reading
curriculum activities in the classroom, but they did no extra reading practice in the classroom or
as part of the study. Participants simply undertook RD exercises that focussed on phonemic
awareness (75% of exercises) and sight word recognition (25% of exercises). This use resulted in
a clear improvement in their word and non-word reading ability, assessed using the TOWRE.
Further, Whiteley et al. (2007) found letter knowledge to be a key factor limiting improvement in
response to phonologically-based intervention. Blau et al. (2009) and Blau et al. (2010)
concluded that both children and adults with dyslexia have inadequate multisensory
representations of letter/sound pairs in the brain, and that these inadequate representations are
linked to poor reading. All participants in this study explicitly practised letter/sound recognition
skills in the multisensory environment provided by RD as part of their phonological awareness
exercises; this may be part of the reason for the improvements gained.

The findings of the study are consistent with earlier research suggesting that it is possible
to use a well-designed software program to increase phonological awareness and reading skills
(Torgesen et al., 2010; Wild, 2009). While Wild found that the use of a software program
provided increased improvement compared to a non-CAlI approach, Torgesen et al. found that a
CAI approach was indistinguishable from a non-CAlI approach in improvement gained.
Nevertheless, both Wild and Torgesen et al. indicated improvement in skills due to CAIL The
current study did not compare a CAI approach to a non-CAl approach, but it would be useful to

2 There was a practice effect between the first and second baseline measures; hence all comparisons were based on
the performance on the third baseline measure.
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do so in an effort to better establish which kinds of computer software are most effective for
supporting reading skills. Further, it may be that the way in which the software is used is
important (Warschauer, 2007).

With respect to poor readers, the results in this study are consistent with a review of 20
studies by Cheung and Slavin (2013), who found a larger effect of CAI on reading ability for
poor or struggling readers. All participants in the current study had been identified by their
teachers as poor readers, and results on all three testing measures showed significant
improvement due to the use of RD. However, it needs to be noted that while the review by
Cheung and Slavin focuses on the effect of educational technology on reading outcomes for
struggling readers, the term ‘educational technology’, as used by Cheung and Slavin,
encompasses a broad range of programs, including comprehensive literacy intervention models.
For example, one of the programs reviewed in two studies, READ 180, is a comprehensive
literacy intervention program which combines both computer and non-computer intervention. In
addition, a number of the programs reviewed by Cheung and Slavin do not teach phonological or
phonemic awareness, but instead focus on other areas, such as reading comprehension. There is
still a pressing need for independent studies of individual software programs, especially
programs focusing on phonological and phonemic awareness, in order to determine their efficacy
in a variety of classroom settings.

The use of computer software may be a more time-efficient way of gaining improvement
in reading for struggling readers. For instance, in this study, two adults supervised 45 children
for twenty minutes each session. Without the use of the software, ensuring 45 children completed
as many repetitions of the assigned activities would likely have entailed many hours of work,
involving, for example, flashcards, children working in a potentially noisy classroom without
headphones, and teachers having to attempt to provide scaffolding that the computer program
provides automatically and that is very difficult to provide manually. It must be noted, however,
that there was a significant effort required to keep updating the program for 45 students
individually. Students needed variety in their exercises so that they did not get bored, and also to
challenge them further as they progressed. Monitoring their progress and updating their program
took approximately four hours for the group every ten days. Nevertheless, while there was some
significant associated work, the use of RD was deemed to be a time-efficient way of delivering
phonemic awareness and decoding skill practice when compared to manual instruction.

In summary, and consistent with previous research, the findings of the present study
show that regular use of a computer software program designed to increase phonemic awareness,
grapheme naming and decoding skills significantly improves reading skills in primary school
children with reading difficulties. This study adds to previous research by demonstrating that this
particular software program, ReadingDoctor, is an effective tool for improving phonemic
awareness and reading skills, including sight word reading. In addition, it would be worth
investigating whether the benefits for older children in phonemic awareness and reading skills
demonstrated in this study can be replicated in a larger study.
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