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Abstract

Within the field of learning disabilities many intervention studies find that treatment resisters
remain despite gains in our understanding of best practices and effective treatment for reading
development and disability. In this study we examine good vs. poor responders in an
intervention study with 147 early primary grade students in a learning support programme.
Students were assessed for reading accuracy and fluency after completion of a tabletbased
reading intervention, and classified as responders vs. nonresponders based on criterion-
referenced scores for word reading accuracy and fluency. Differences between the two groups
were evaluated for the rate of growth on literacy measures over the intervention phase, their
cognitive attributes at pre-intervention, and their in-lesson performance on the tablet-based
intervention activities. Findings show the responder group had initial superior performance on
decoding and spelling measures, as well as broad abilities related to nonverbal reasoning,
working memory, phonological awareness and rapid symbol naming. Further, the gap in
performance on decoding and spelling measures increased over time, with the nonresponder
group showing some improvement in these skills, but to a significantly smaller degree than the
responder group. Different approaches to phonics intervention in the study resulted in the same
proportion of non-responders. Further, children’s confusions with specific sound-symbol
associations over the course of the interventions suggest potential challenges that teachers may
highlight.
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With population rates of about 5-15%, learning disorders related to reading account for
large numbers of school-going children and a high degree of educational resources for
supplemental support services (Wagner et al., 2021). As a result of this pressing demand,
considerable research has been conducted over the past decades focusing on the
characteristics, etiology and potential learning mechanisms involved in reading disorders
(Peterson & Pennington, 2015; Snowling & Hulme, 2021). Although there has been much
progress in reading science, contributing to improved approaches to intervention
(National Reading Panel, 2000; Abadiano & Turner, 2003), a persistent finding across
studies is the existence of treatment resisters, or non-responders. It has been estimated
that as many as 30% of students at risk for reading difficulties may not benefit from
generally early literacy interventions (Blachman, 1994; Juel, 1994; Torgesen et al., 1992).
Students who do not respond to multiple tiers of research-based interventions require
further specialized support (Austin et al., 2017).

This study focuses on groups of responders and non-responders from a previous
investigation comparing phonics interventions targeting different grainsizes of phonology
(phonemes vs. rimes vs. whole words) (O'Brien, Habib, & Onnis, 2019). While that study
reported results in terms of the group performance across treatments, here we zero in on
the non-responding children across the groups. We aim to find out what characterizes
these children, whether certain treatment approaches may be more beneficial for them,
and what their online performance looks like during the phonics intervention activities.
The treatments utilized a technology-based platform, allowing a unique closer
examination of their performance during the intervention phase, in addition to pre- and
post-intervention assessments.

Characteristics of Non-responders

Most students can learn to read adequately from quality classroom reading instruction
(Torgesen, 2000) or from supplemental small-group or individual reading interventions
(Austin et al., 2017; Denton et al., 2006; Denton et al., 2013). However, there is a group
of students with intractable reading difficulties. Children who are difficult to remediate
scored below typical readers and children who were readily remediated on tests which
evaluated phonological skills, suggesting that their persistent reading problems may be
caused by phonological deficits (Vellutino et al., 1996).

Researchers have been interested in studying the characteristics of students who do not
respond to effective literacy because identifying these characteristics could improve
screening measures and selection of the most appropriate students for intensive
interventions (Al Otaiba & Fuchs, 2002). Results of a longitudinal study that spanned over
two years suggest that non-responsiveness to generally effective interventions may be an
indicator of a long-term reading disability (Al Otaiba and Fuchs, 2006). This study found
that almost 92% of the students who were non-responsive to reading interventions in
kindergarten continued to be non-responsive in first grade. All except one of the non-
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responders required an Individualized Education Plan (IEP) with reading goals when they
were in third grade.

A review of 23 studies on children who did not benefit from early literacy interventions
reported that poor phonological awareness characterized the majority of unresponsive
students (Al Otaiba & Fuchs, 2002). Of the 21 studies reviewed that explored
phonological awareness, 70% of them found that phonological awareness was related
with non-responders. The review also reported other child characteristics which were
associated with non-responsiveness to intervention, including phonological memory,
rapid naming, general intelligence (1Q), attention, behaviour problems, and orthographic
processing. Nelson, Brenner and Gonzalez (2003) extended the review by including an
additional seven studies to those reviewed by Al Otaiba and Fuchs in their meta-analytic
review. Based on 30 studies, they found that, in order of magnitude, rapid naming,
phonological awareness, problem behaviour, alphabetic principle, memory and 1Q
appeared to predict responsiveness to early literacy interventions. Consistent with the
earlier review (Al Otaiba & Fuchs, 2002), Nelson and colleagues found that rapid naming
and phonological awareness were more strongly related to responsiveness to
interventions than alphabetic principle, memory and IQ. Further converging evidence
was provided by a study by Fletcher et al. (2011) which also found that phonological
awareness was most related to inadequate response to reading intervention. Rapid
naming, syntactic comprehension, working memory and listening comprehension made
smaller contributions to the group comparison between adequate and inadequate
responders. In a study on the neurocognitive predictors of response to intervention to
GraphoGame, a computer- assisted reading intervention, phonological awareness was
found to be the strongest predictor of response to the intervention (Wilson et al., 2021).
Given the important role phonological awareness appears to play in treatment response,
we consider whether it also may be a vital prerequisite for intensive practice with
phonics activities in the current study.

Treatment Approaches Using Technology Assisted Reading Instruction

Students with reading difficulties require intensive and explicit instruction in phonological
awareness and the alphabetic principle to develop word reading skills (Vellutino, 1991).
These students benefit from one-to-one tutoring that can adapt to their individual needs
(Cheung & Slavin, 2013). However, it is challenging for schools to provide such
individualized practice due to a lack of instructional resources and adequately trained
teachers (Torgesen et al., 2010). It has been proposed that computer aided instruction
could be part of the solution to helping these students because of its ability to provide
highly specialized instruction (Anderson-Inman & Horney, 2007; Stetter & Hughes, 2010)
and to allow individualized repetition (Saine et al., 2011).

The findings of studies that investigated the efficacy of computer-assisted reading
interventions have been mixed. A large-scale evaluation of five reading software
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products found no statistically significant improvement in reading scores from computer-
based instruction (Dynarski et al., 2007). Comprehensive models that use computer-
assisted instruction did not produce significant positive effects (Cheung & Slavin, 2013).
However, when computer-assisted instruction was provided as a supplement, instead of
a replacement for teacher-led instruction, students performed significantly better in
phonemic awareness, phonemic decoding, reading accuracy, rapid automatic naming
and reading comprehension than controlgroup students (Torgesen et al., 2010).
According to Torgesen et al. (2010), computer-assisted instruction that was tightly
coordinated to extend knowledge and skills that had initially been taught by teachers is
an effective way to provide reading instruction to young readers at risk for learning
disabilities.

GraphoGame (later known as Grapholearn), a computer-assisted reading intervention
which uses systematic phonics to train the connections between spoken and written
language, was first devised in the Finnish language. It has now been adapted for over
20 languages (Ahmed et al., 2020) but a recent meta-analysis of 19 GraphoGame studies
in a range of languages measuring GraphoGame’s impact on word-reading outcomes
concluded that it was only effective in certain educational contexts, with effect sizes for
word reading ranging from - 1.07 to 1.58 (McTigue et al., 2019). A study with Finnish-
speaking beginning readers showed that those who received computer-assisted reading
intervention using the GraphoGame program made significant gains in letter knowledge,
decoding, accuracy, reading fluency and spelling (Saine et al., 2011). This could be
because it is programmed to adapt task difficulty according to student performance.
Also, students may find the game-like learning environment provided by GraphoGame to
be a fun way to learn and may be more willing to practice (Saine et al., 2011).
GraphoGame was subsequently extended to German and different versions were used
with Austrian second and fourth graders and prereading students in Switzerland (Brem et
al., 2010; Huemer et al., 2008). The Austrian students showed improvement in reading
accuracy (Huemer et al., 2008) and the students in Switzerland made significant
improvement in letter knowledge (Brem et al.,, 2010). An English version of GraphoGame
was subsequently developed and its efficacy was demonstrated as a supplementary
program for second graders who were identified as poor readers in the UK (Kyle et al,,
2013). The experimental group made significant improvement in reading, spelling and
phonological skills in comparison to the control group. Subsequently, a large-scale
randomized controlled trial study of GraphoGame Rime was conducted in the UK (Worth
et al., 2018). The study did not yield evidence that the intervention resulted in improved
reading outcomes over business-as-usual instruction. However, the sample was
reanalysed by Ahmed et al. (2020) for the “top half ” of GraphoGame Rime players only
(designated adequate responders). When this group of students were compared with the
full sample of control students, significant gains were made on a nonword measure by
those who received the GraphoGame intervention compared to those in the business-as-
usual group.
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GraphoGame has also been found to be effective in improving foundational literacy
among English Language Learners (ELLs). When the English version of GraphoGame
was used with first and second grade English ELLs, in India (Patel et al., 2021), students
in the experimental group showed significantly greater and faster development on in-
game assessments of letter-sound knowledge, rime unit recognition, and word
recognition compared to those in the control group.

While educational computer games can greatly increase the amount of exposure and
practice that struggling learners have with the content to be learned (Aravena et al.,
2013) (in this case grapheme-to-phoneme correspondences), the use of such technology-
based interventions have not been examined from the perspective of treatment
responders and non-responders. The current study aims to fill this gap, by conducting an
examination of students who responded to a pull-out learning support program coupled
with experimental technology-based applications that supplemented the program.
Contrasting these responders to students who did not respond will provide valuable
information about how to predict which children may require different types or degrees
of intervention. Also, findings may help educators to develop interventions that are
targeted to specific needs of individual students.

Thus, the objectives of the current study are:

1. To compare the rate of growth on literacy measures between responders and
non-responders

2. To identify the role played by cognitive correlates in student response to
reading interventions

3. To investigate whether a specific intervention approach yields more responders

4. To identify problematic areas of learning revealed by performance on the

technology-based activities

METHOD
Participants

The participants include 148 students (M = 6.75 years old) in Singapore public schools
(136 in primary grade 1 and 12 in primary grade 2) who were identified as at risk for
reading difficulties at primary school entry and who were enrolled in a learning support
programme within their school. They further received supplementary experimental
interventions in a randomized-controlled design, contrasting three approaches,
described below and in O'Brien, Habib, & Onnis, (2019). Random assignment to
treatment groups was conducted with matched sets of students based on baseline
measures of reading ability, to ensure that the groups did not differ in overall ability.
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Responder/Non-responder Classification

Subsequently for this study, participants were categorized as treatment responders and
non-responders based on their pretest and post-test scores on two measures: (1) word
reading accuracy (Woodcock Johnson Test of Achievement 3rd Edition, WIlll) and (2) word
reading fluency (Test of Word Reading Efficiency, TOWRE-2). WIIll word reading scores
were converted to grade equivalents based on the published manual. A nonresponder
was defined as a child whose pretest and posttest scores were below their grade level; a
responder was defined as a child who scored below grade level at pretest, but who
achieved a score at or above their grade level on the posttest. TOWRE-2 sight word
reading scores were converted to standardized scores (z) based on locally developed
norms (Chen et al., 2016). Children who scored 1 standard deviation (z=1) or more below
the mean for their age-group on both pretest and post-test assessments were defined as
non-responders. Children who scored 1 standard deviation or more below the mean at
pretest, but within 0.5 standard deviation of the mean (z=0.5 or above) at post-test were
defined as responders. The final classification was determined as such: Responders
included children who were defined as a responder with either (1) or (2); if the child did
not respond to either (1) or (2) then they were included in the non-responders group. From
this process we found 77 responders and 66 non-responders in this study, 133 in grade 1,
and 10 in grade 2. (71 responders, 45 non-responders according to reading accuracy
criterion (1); and 33 responders, 76 non-responders according to reading fluency criterion

(2)).
Measures
Baseline Assessments

Reading ability was assessed with the British Ability Scales - Third Edition (BAS-IlI, Elliot &
Smith, 2012) word reading task. Words are presented in order of increasing difficulty, and
test administration is discontinued after a given number of errors (8 out of 10).

Nonverbal cognitive ability was assessed with the Matrices and Quantitative reasoning
subtests of the BAS-III (Elliot & Smith, 2012). Matrices involves choosing from a set of 4-6
pictures the correct one that completes a matrix of figures (e.g., shapes). Administration is
discontinued after 3 consecutive trials with errors. Quantitative reasoning involves
completing a sequence of numbers according to the relationship between a given pair of
numbers shown. Test administration is discontinued after 3 consecutive trials with errors.

Working memory was assessed with the Memory for Digits subtest of the Comprehensive
Test of Phonological Processing (CTOPP-2; Wagner et al., 2013). For this task, one repeats
a series of digits in reverse order. The span of the series increases over trials, and
administration is discontinued after three consecutive errors.

Implicit learning was assessed with a visual statistical learning task adapted from Arciuli &
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Simpson (2011) and Raviv & Arnon (2018). First, during a training phase, a series of
cartoon aliens are presented (via a tablet) with an embedded sequence of 4 triplets.
During this phase, the cover task is to pay attention and press a button when an alien is
repeated. After training, a 2 alternative-forced choice task is presented where one
identifies which triplet of aliens was seen together previously, and total correct response
out of 32 trials is recorded.

Vocabulary was assessed as a measure of language proficiency with a receptive task
(BLAB; Rickard Liow & Sze, 2009) where the child chooses which image out of 4 matches
the meaning of an aurally presented word. All 80 items are administered.

Rapid symbol naming was assessed with the CTOPP-2 RAN Letters subtest (Wagner et al,,
2013). This task involves naming all the symbols presented on a printed card in 4 rows by
8 columns. The time to complete all items is recorded, along with errors.

Phonological awareness was assessed with the CTOPP-2 Elision subtest (Wagner et al.,
2013). For this task, an aurally presented word is repeated, then the child is asked to say
the word after deleting a designated part (e.g., syllable, onset, phoneme). Corrective
feedback is given for the first ten items, and administration is discontinued after 3
consecutive errors.

Orthographic awareness was assessed with measures of orthographic choice and
wordlikeness choice (Cunningham et al.,, 2001). Orthographic choice involves selecting
the correctly spelled word in a pair of similar sounding word-pseudowords (e.g., rain-
rane). All 23 trials are administered. The wordlikeness task involves selecting which of
two pseudowords looks more like a real word (e.g., beffffeb). All 19 trials were
administered.

Pretest and Post-test Assessments for Responder Classification

As noted above, classification into responder and non-responder groups was made with
scores on the following tests.

Reading Accuracy was evaluated with the Woodcock-Johnson Ill word reading subtest
(WIIll, Woodcock et al., 2007). The student reads aloud printed words, and
administration is discontinued after six incorrect responses. The total number correct is
tallied, and these scores are converted to grade equivalents based on the published
norms (Woodcock et al., 2007).

Reading Fluency was assessed with the Test of Word Reading Efficiency (TOWRE-2,
Torgesen et al., 2012) sight word subtest. After practice trials, the student read as many
words as possible within a 45 sec time limit. The total number correct within the time limit
was converted to z-scores based on a local normative sample (Chen et al., 2016).
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Repeated Measures Literacy Assessments

Children were evaluated at four time points: before the intervention (pretest), at the
midpoint during the intervention (after the first 7 weeks - mid-test), immediately after the
intervention (post-test), and three months after the commencement of the intervention
(follow-up).

Decoding accuracy was assessed with the WIIIl (Woodcock et al., 2007) Word attack
subtest. The student reads pseudowords aloud, and administration is discontinued after
six incorrect responses. The total number correct per is tallied.

Decoding fluency was assessed with the TOWRE-2 (Torgesen et al., 2012) Phonemic
decoding subtest. After the practice trial, the student reads as many pseudowords as
possible within a 45 second time limit. The total number correct is scored within the time
limit.

Spelling was assessed with a word list based on the BAS-III (Elliot & Smith, 2012), with
additional items including morphologically and orthographically challenging words.
Words were dictated, read in a sentence, and repeated. The first ten items were
administered, then administration was discontinued after eight errors in the second block
of trials. Total correctly spelled words were taken as the final score.

Experimental Intervention Conditions

Children took part in supplementary interventions during their learning support classes.
The interventions involved gamelike activities rendered on iPad tablets, and children
worked individually on their own iPad while listening to instructions and feedback
through earphones. The intervention lessons involved 10 minutes of play 5 times per
week over two 7 week periods during the second and third school terms (February to
October). Matched sets of 3 children with regard to their baseline reading ability (BASHII)
were randomly assigned to one of the three intervention conditions: Phonicsphoneme,
Phonics-rime, or Word-level approaches. Each condition focused attention in the activities
to a different grainsize for learning sound-symbol relationships for reading English - from
individual phonemes, to rime patterns, to whole words (refer to O'Brien, Habib, & Onnis,
2019).

The Phonics-phoneme condition involved 7 weeks of activities with Seeword reading
(Seward et al., 2014; O'Brien, Seward, & Zhang, 2022a), and 7 weeks with GrapholLearn-
Phoneme activities (Lyytinen et al., 2004; Saine et al., 2011).

The Phonics-rime condition involved 7 weeks of activities with Seeword reading (Seward
et al., 2014; O'Brien, Seward, & Zhang, 2022a), and 7 weeks with GrapholLearn-Rime
activities (Lyytinen et al., 2004; Saine et al., 2011).
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The Word-level intervention emphasized decoding whole words through a different
activity/game each day in the week (O'Brien & Yeo, 2022b). Children were asked to tap
pictures that match a printed word in meaning, including single or multiple matching of
words to pictures, and flash cards, where they read aloud and recorded their responses.
In later weeks, activities included a choice task to match phrases to pictured meanings
or building sentences from a word bank.

DATA ANALYSIS

The groups of identified responders and non-responders, across all the intervention
conditions, were compared on different assessments to address the research questions.
First, to examine group differences in growth in literacy across the intervention, between
group repeated measures MANOVAs are performed on dependent measures of
decoding accuracy, decoding fluency, and spelling across four timepoints (pretest, mid—
treatment, posttest, and follow-up). Due to missing data of selected tests (e.g., due to
child absences) each dependent measure was run in a separate MANOVA to maximize
sample size. Child age was covaried in each analysis.

Second, to examine group differences in cognitive attributes, a between-group profile
analysis is conducted with cognitive measures (nonverbal reasoning, working memory,
implicit learning), language (vocabulary), and literacy related measures (phonological
awareness, rapid naming, orthographic awareness). To identify the attribute or attributes
that best predict responder/non-responder status, logistic regression analysis is also run
with stepwise sets of the cognitive, language, and literacy predictors.

Third, to examine which intervention approach might yield more treatment responders, a
chi-square test is conducted, comparing proportions of responders and non-responders
across the three experimental intervention conditions (Phonicsphoneme, Phonics-rime,
and Word-level conditions).

Finally, an examination of data collected during the in-lesson activities of the
Grapholearn program for the phonics intervention conditions serves as a more fine-
grained analysis of responder/non-responder differences. In this case, using confusion
matrices of sound-symbol correspondences, we dissect particular points of confusion that
may characterize the non-responder group.

RESULTS
Research Question 1
Data from the responder and non-responder groups (across all the intervention

conditions) were submitted to 2 (between group) by 4 (repeated measures over time)
mixed MANOVAs, with age covaried. First, the MANOVA for decoding accuracy (word
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attack) revealed a significant Group X Time interaction, F(22, 2827 = 10.78, p < .001, n2=
0.079. There were 55 non-responders and 74 responders with full data for this analysis.
As shown in Figure 1a, the groups showed an initial difference in word attack scores at
pre-test, and this gap widened over time, through to the follow-up point. Post-hoc
pairwise comparisons revealed that the groups differed significantly at each time point
(with Bonferroni adjustment, all p's < 0.001), with the responder group consistently
outperforming the non-responder group. Further, while simple effects analysis showed
that each group improved performance over time, the responder group showed a larger
effect over time than the non-responder group (F3,124)= 82.77, p < 0.001, n2 = 0.667, F3,
12y = 20.87, p < 0.001, n2 = 0.336, respectively).

The MANOVA for decoding fluency also revealed a Group X Time interaction that was
significant, Fi2231= 17.61, p <.001, n2=0.13. There were 49 non-responders and 70
responders with full data for this analysis. Similar to decoding accuracy, the groups
showed an initial difference while the responder group showed stronger growth over
time (Figure 1b). The responder group performed significantly better at each time point
according to post-hoc pairwise comparisons (with Bonferroni adjustment, all ps < 0.001).
Simple effects analysis also showed that responder group had a larger improvement
over time than the non-responder group (F(3 114)= 97.12, p < 0.001, N2 =0.719, Fi3 114)=
16.92, p < 0.001, n2 = 0.308, respectively).

Finally, comparing the groups on spelling performance, the MANOVA for spelling scores
showed a significant Group X Time interaction, F(3.1,227.4)= 52.21, p < .001, 2= 0.320.
There were 47 non-responders and 67 responders with full data for this analysis. The
initially small advantage of responders at pre-test was expanded over time, with bigger
gains in spelling for the treatment responders (Figure 1c). Responders outperformed non-
responders at each time point (all p's < 0.001 with Bonferroni adjustment). Simple effects
analysis also revealed a larger improvement over time for the responder group
compared to the non-responder group (F3, 109)= 214.16, p < 0.001, N2 = 0.855, F(3, 109)=
27.74, p<0.001, n2 = 0.433, respectively).

Thus, the responder group showed broad increased literacy gains across all three of the
literacy measures, decoding accuracy, decoding fluency, and spelling, as compared to
the non-responder group. In addition, it can be seen that this group started out at the pre
-intervention test point, with better scores than the non-responder group. This initial gap
between the groups increased over time for each literacy measure.

Research Question 2

Examining group differences on cognitive attributes between the responder and non-
responder groups (54 non-responders, 62 responders across all the intervention
conditions), a profile analysis showed that the groups differed in the pattern of their
scores across these variables, F;, 114= 17.35, p < .001. Univariate between-group effects
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Figure 1. Performance by Responder group (solid line) and Non-responder group (dashed line)
over time (1- pretest, 2- mid-test, 3- post-test, 4- follow-up) for decoding accuracy (a),
decoding fluency (b), and spelling (c).
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Figure 2. Mean performance (z-scores) per Responder (solid line) and Non-responder groups (dashed
line) across cognitive, language and literacy measures. Nonverbal measures (BAS-1ll Matrix Reasoning,
Quantitative Reasoning), vocabulary (BLAB), verbal memory (CTOPP-2 Memory for Digits), statistical
learning, phonological awareness (CTOPP-2, Elision), rapid naming (CTOPP-2 RAN letters), and
orthographic awareness (wordlikeness, orthographic choice).
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were examined (using a = 0.0056 with Bonferroni correction), and revealed that there
were significant between group differences for cognitive assessments of nonverbal
matrix reasoning, F1,119)= 11.96, p < .001, nonverbal quantitative reasoning, F1,114)=
14.88, p <.001, and working memory, F(;, 114y= 8.46, p = .004, while the groups did not
differ for statistical learning. In terms of the literacy measures, the groups also differed
significantly in phonological awareness, F1, 114y = 23.60, p < .001, and rapid naming, F,
112)= 9.81, p=.002. Group differences did not reach significance for orthographic choice
and word-likeness measures, nor for English receptive vocabulary (o's > .005). As shown
in Figure 2, in each case of the group differences, the responder group showed stronger
skills at baseline.

To further examine the relative contribution of these sets of competencies to differences
in responder and non-responder groups, a logistic regression was conducted next, with
children’s responder/non-responder status as the dependent variable. The predictors
were entered in blocks as follows: (1) nonverbal reasoning (quantitative and matrix
reasoning), (2) verbal proficiency (English vocabulary), (3) memory (working memory,
implicit memory-statistical learning), and (4) pre-literacy (phonological awareness, rapid
naming, orthographic awareness - word likeness, orthographic choice). In the first block,
adding nonverbal reasoning, improved the fit over the null model with intercept-only, x 2
(8) =18.84, p=0.016. In this model the sensitivity (true positive rate of correctly
identifying non-responder status) was 55.6 percent, while the specificity (true negative
rate of correctly identifying responder status) was 75.8 percent. Adding verbal
proficiency (vocabulary) in the second block did not improve model fit, x 2(8) = 14.99 , p
= 0.059, nor did the addition of memory (working memory, statistical learning) in the third

Table 1. Logistic regression predicting Responder/Non-responder group status

Final Model

Entered step B SE. Wald df Sig. (r):tic:)s Lo(v:\:er U:p:er
Variables

Matrix Reas 1 -0.010 0.064 0.022 1 0.882 0.990 0.873 1.124
Quant Reas 1 0.098 0.082 1.448 1 0.229 1.103 0.940 1.295
Vocab 2 0.011 0.024 0.203 1 0.652 1.011 0.964 1.060
Work Mem 3 0.023 0.049 0.217 1 0.641 1.023 0.930 1.125
Stat Learn 3 0.008 0.063 0.017 1 0.896 1.008 0.891 1.141
Phon Awar 4 0.112 0.058 3.796 1 0.051 1.119 0.999 1.252
Rapid Nam 4 -0.056 0.024 5.370 1 0.020 0.946 0.902 0.991
Ortho Awar L 4 0.025 0.120 0.042 1 0.837 1.025 0.810 1.297
Ortho Awar Ch 4 0.060 0.067 0.819 1 0.365 1.062 0.932 1.210
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block, x 2(8) = 6.59 , p=0.582. With all variables in the first three blocks, sensitivity
improved (63%) but specificity declined (72.6%). The final block, including pre-literacy
variables (phonological awareness, rapid naming, and orthographic awareness)
marginally improved the model fit, y 2(8) = 15.39 , p = 0.52, but this model improved both
the sensitivity rate (64.1%) and the specificity rate (80.6%). Of all the variables in the full
model, only rapid naming contributed significantly to the group prediction of responders
vs. non-responders (p = .020), while there was a trend for phonological awareness (p

= .051). Parameters for the final model are shown in Table 1.

Thus, in spite of the groups differing in a range of skills, including the cognitive, verbal,
and memory skills, it is the pre-literacy skills that best predicted response to intervention
in this sample of children with reading disorders - and specifically, the two best
predictors that are widely recognized in the literature on reading disorders for English.

Research Question 3

To see whether any of the three interventions in this RCT study resulted in better response
to intervention, a Pearson chi-square was conducted comparing responder to non-
responder ratios across the three intervention conditions. There was no significant
difference in incidence of responders relative to non-responders across the three
experimental intervention conditions, y 2(2) = 0.061, p = 0.970 (see Figure 3). This means
that there was no particular advantage for any of the interventions over the others in
terms of addressing non-responders more effectively.

# Nonresponder M Responder % Nonresponder B Responder #% Nonresponder M Responder

Figure 3. Percent Responders and Non-responders per intervention condition.
Condition 1 — Phonics-Phoneme, Condition 2 — Phonics-Rime, Condition 3 — Word-level interventions.
Responders (overall N= 77), Non-responders (overall N= 66).

Research Question 4

Examining differences of non-responders compared to responders at a finer timescale,
the data from their online performance of the activities across the Grapholearn lessons
was examined for the two phonics intervention groups. There were 26 responders and 23
non-responders in the Phonics-Rime condition, and 25 responders and 22 non-responders
in the Phonics-Phoneme condition.
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First, for each intervention group, letter-confusion matrices were generated over the
completed set of activities that were derived across all the participants. These matrices
are shown in Figures 4a and 4b, and display the level of confusions (percent) for each
pairing of the correct letter representing an aurally presented phoneme (“target”, y-axis)
with “distractor letters” (x-axis). Shading represents the degree of confusion, with darker
cells showing higher levels of confusion. Confusions exceeding 10% are marked with
symbols.

Of interest, across both intervention conditions there are similar confusion types. As seen
in Figures 4a and 4b, /¢/ (‘e’) is strongly confused with the letter ‘a’.

H.

target

H4HETE o Bl =Rt an T

1
ol i
L
|
_I

A -
[T 1 1 \
a b € d e f £ [ i i k 1 m n o P r s

distractor

Figure 4a.

target
N M H AE an T 0 EE == TN = kAT

distractor

Figure 4b.

Figure 4. Confusion Matrix across all students in Phonics-rime condition (a) and in the Phonics-
phoneme condition (b). Darker colours indicate more confusion. Confusions exceeding 10% are marked
with symbols. There are two main categories of letters’ similarity: phonetic similarity (marked with a
“star”) and visual similarity (marked with a “circle). It is also possible that both (marked with a
“square”) or neither categories are occurring (marked with a “triangle”).
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This can be concluded to be the most challenging sound-letter pair for the students,
plausibly because both acoustic and visual similarity compromise building the
connection. Also the vowel /u/ (‘U’) is often mixed-up with the letter ‘o’. The children also
showed difficulties in mapping /d3/ with ’j’ rather than the target ‘g’. Other notable
confusions involve the target for /f / ('f') confused with ‘s’, and ‘d-'b’ confusions in the

1

Phonics-rime group and ‘m’-'n’ confusions in the Phonics-phoneme group.

Examining these high occurrence confusions further, we tallied the number of confusions
made per responder/non-responder group within the Phonics intervention conditions
(Rime, Phoneme). These breakdowns are shown in Figures 5 g, b and c for the letter
confusions in student responses noted above. For e-a (Figure 5a) and u-o letter
confusions (Figure 5b), trials involving matching isolated phonemes to single letters
appear on the left bars, while trials involving matching the phoneme within rime patterns
are shown in the middle bars.

Finally, errors related to incorrect vowel pairs are shown in the bars on the right. Most e-
a confusions occurred on trials where the /¢/ is presented within rimes (middle bars) for
both responders and non-responders, although a sizable number of these confusion
errors also occurred when /¢/ was presented as an isolated phoneme to match to its
letter (left bars).

For u-o confusions (Figure 5b) the isolated presentation of /u/ presented the biggest
challenge for the non-responders in both intervention conditions. These non-responders
were less affected when /u/ was presented in the context of a rime pattern (lesser
confusions), and the non-responders in the Phonics-Rime condition were even less
affected by the u-o confusion in this case (middle bar, black segment). The non-
responder group was affected to a similar degree by the vowel pair representations of
this phoneme (e.g., ‘ou’ as in a rime pattern), whereas the responder group was less so
(right bars).

Errors on e-a

500
450
400
350
300
250
200

E Em

Phoneme-in- Phoneme in Vowel pair
isolation rime pattern confusion
confusions confusions with legal
printed vowel
pair

Counts

B Rime (Non-R) D@Phoneme (Non-R) EIRime (R) BPhoneme (R)

Figure 5a.
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Errors on u-o
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Figure 5b.

Errors on consonant mappings
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Figure 5. Total number of confusions by non-responders (solid bars) and responders (patterned bars),
split by intervention conditions (Phonics-Rime — dark, Phonics-Phoneme — light). (a) Left bars show
errors made on single sound-letter mapping, middle bars errors are on /u/ occurring within rime
patterns (uck-ock, ug-og), and right bars are errors of target vowel pairs (ou) within rime patterns (oun
-uon, ouse-uuse, ould-uold). (b) Left bars show errors made on single sound-letter mapping, middle
bars errors are on /e/ occurring within rime patterns (et-at, ep-ap), and right bars are errors of target
vowel pairs (ee) within rime patterns (eed-aad, een-aan). (c) Total number of confusions between
consonant targets and distractors. Target sounds were presented in isolation.

Finally, for the confusions of consonants (Figure 5c), those in the Phonics-Rime condition
had more difficulties in each case with mapping the correct letter to the aural sound
when the phoneme was given in isolation. Compared to the responders, the non
responders made more of these errors, and this difference was most exaggerated in the
d-b confusion (left bar), and secondly in the f-s confusion, followed by the m-n and j-g
confusions (right bars).
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DISCUSSION

This study examined the performance of students who received a pullout learning
support program that was supplemented with experimental technology-based
applications. The interventions focused on either the phoneme, rime or whole word unit.
It compared the rate of growth on literacy measures between good treatment
responders and poor treatment responders and identified the difference on cognitive
attributes between the two groups.

In the current study, the responder group initially started with a wide range of skills that
were more advanced than the non-responder group. These included nonverbal
reasoning, short term memory, phonological awareness and rapid naming. This group
also started with relatively better decoding accuracy and fluency and spelling. These
findings are consistent with earlier studies on responsiveness to intervention that
reported that when compared with non-responders, responders were characterized by
initial superior performance on rapid naming, phonological awareness, memory (Al
Otaiba & Fuchs, 2002; Fletcher et al., 2011; Nelson et al., 2003). This is also in line with
the study on GraphoGame by Wilson et al. (2021) which found that existing phoneme
awareness skill is predictive of response to the computer-assisted reading intervention.

Another finding of this study was that the gap between the responders and the non-
responders increased over time on measures on decoding accuracy and fluency and
spelling. A review of various studies that investigated the effect of intervention on rate of
growth in reading reported a mean effect size (ES) for reading measures ranging
between .45 to .79 for treatment versus control conditions (Swanson & Hoskyn, 1998)
and .82 to .95 for single-case design studies (Swanson & Sachse-Lee, 2000), in favour of
children who were not at risk. In another synthesis, the magnitude of ES between
responders and non-responders increased from 1.10 on the pretest to 1.28 on the post
test on a word attack measure (Tran et al., 2011). These results provide support to the
concept of a Matthew Effect which states that children with initially high levels of
achievement should show a higher rate of progress in academic learning compared to
children attending school with normal or low levels of initial achievement (Walberg &
Tsai, 1983). The Matthew Effect was first applied to reading development by Stanovich
(1986) who hypothesized that children who enter school with markedly underdeveloped
phonological awareness have difficulty understanding the alphabetic principle and
experience delays in breaking of the grapheme-to-phoneme code. Given the fact that
pre-literacy skills (phonological awareness and rapid naming) skills are predictors of
responsiveness to intervention in this study, it is important that children with reading
difficulties be identified early and receive intervention with foundational skills even
before they are exposed to formal reading instruction (Vellutino et al., 1996).

The different conditions of the supplemental technology-based interventions yielded the
same proportion of responders, suggesting no advantage of focusing at a grainsize of
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phoneme, rime or whole word units in terms of reducing non-responder rates. Besides
considering pre-to-postest assessments, in terms of responder status, we were also able
to examine data downloaded during the Grapholearn interventions for students who
played these activities (Phonicssphoneme, Phonics-rime groups). This revealed the types
of confusions that students tended to make in terms of the phoneme-grapheme mappings
they were learning. It appears some of these confusions may be sound-based (e.g.,
matching single phonemes-with-letters that represent similar sounds). Additional
confusions appear to be more print-based (such as orthographic errors related to
selecting illegal vowel pairs, e.g., oun-uon, ouse-uuse, ould-uold, eed-aad, een-aan).

The difficulties faced by students in both Phonics-phoneme and Phonics-rime conditions in
confusing the vowel ‘a’ with ‘e’ is not surprising as the conflation of /e/ and /ce/ by
speakers of Singapore English has been reported by a study by Deterding (2003). The
lack of distinction between the vowel sounds /p/ and /a/ that was observed in both
groups could be because these two vowels are often produced with almost the same
quality and are differed mainly in terms of length (Deterding, 1997). In Singapore English,
the lack of distinction between the long and short vowel pairs has been welldocumented
(Bao, 1998; Brown, 1988; Deterding & Poedjosoedarmo, 1998; Low & Brown, 2005).
Another noteworthy confusion between commonly mixed letters ‘f' and ‘s’ may be related
to letter f sometimes being pronounced phonetically as /fer/ in the Singapore context.

Further, the confusion between consonant letters (d-b, m-n, j-g) among students in the
study provides evidence to support the letter-confusability hypothesis, which states that if
the letter is visually confusable, students may have more difficulty identifying the lower
case letter correctly (Huang & Invernizzi, 2014). Some researchers have suggested that
visual confusability of the letter is a major factor determining children’s ability to
recognize lower case letter successfully (Treiman & Kessler, 2003; Treiman et al., 2006).

LIMITATIONS AND DIRECTIONS FOR FUTURE RESEARCH

It is important to consider several limitations in this study. Firstly, with regard to
intervention intensity, the total duration of the intervention was limited. Each student
spent less than 12 hours in total on the games (10 minutes of play 5 times per week over
two 7-week periods). A study with a longer duration that allows students to complete all
25 streams in the game would increase the likelihood that the students would have
learned the phonics “rules” of English, and in this way would more accurately assess the
predictors of response to the intervention. In addition, the interventions in this study were
given as a supplement to the pull-out reading instruction in the school, following earlier
findings of successful computer-assisted instruction provided as a supplement to teacher-
led instruction (e.g., Torgesen et al., 2010). However, the role of teachers in computer
assisted intervention needs further investigation. The students in this study played the
tablet-based games relatively independently with minimal support from their teachers.
Yet studies with high adult interaction produced an average positive effect size (g = 0.48)
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(McTigue et al., 2019), suggesting higher levels of active engagement may be needed
even with supplementary game-based learning. Indeed, one challenge with the adaptive
Grapholearn game was that some students took more attempts to master the different
levels. Calibrating task difficulty and cognitive load may be necessary to maintain
student engagement, and teachers likely play a more effective role in this than the
computer algorithm. Future research could consider ways teachers can monitor the data
of their students’ progress and how teachers would use this data to adapt an individual
student’s learning plan on such platforms as Grapholearn. Further, while computer-
administered instruction allows children to recognize items presented aurally, there is
little feedback to students regarding their pronunciation of the letter sounds or words.
Teachers would play a very important role in providing this feedback.

Secondly, as a re-examination of treatment response to different intervention conditions,
the treatment by responder-status subgroups here were too small to test for interaction
effects. There did not appear to be any pattern suggesting that the confusion errors by
Phonics-phoneme and Phonics-rime groups differ by responder status, as it was noted in
the previous study with these children (O'Brien, Habib, & Onnis, 2019) that treatment
group effects for confusion errors might be moderated by individual learner differences.
Here there was only a main effect, whereby both responders and non-responders
appear to show that the Phonics-rime intervention accounted for more of the confusion
errors overall (the dark segments in the bar plots, Figures 5a-c), with a few exceptions
where the Phonics-phoneme intervention showed equal or more error rates (u-o, d-b).
Thus, further study with larger subsamples is needed to conclusively understand the
relation of individual differences and treatment approach to confusion types. The current
study has also shown that letter confusion may be dependent on the context as the
errors made by students may be influenced by oral language used around them. Hence,
it would be necessary for further research to investigate how a computer-assisted
reading intervention can be adapted to different linguistic contexts to enhance its
effectiveness.

IMPLICATIONS

This study found that vocabulary was not a predictor of whether a student would be able
to progress through the Grapholearn game, consistent with the finding by Wilson et al.
(2021). This suggests that students with limited vocabulary can benefit from this type of
game-based intervention. However, phonological awareness and rapid naming were the
most important predictors of response to the intervention. This reinforces the importance
of these two early predictors of reading success, and also suggests that initial work on
foundational phonological skills may be required to prepare children before game-
based learning.

This study also points to an important role for teachers in the administration of
supplemental, game-based intervention programs. In harnessing the potential of
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computer-based interventions for individualized learning, teachers are best positioned to
effectively integrate such interventions into their instruction so as to ensure that there is
alignment between what is learned in the computerbased intervention and what is
instructed in the classroom (Muralidharan et al., 2019). Teachers can also learn how they
can interpret the progress monitoring data generated by such intervention programs,
and provide individualized instruction while giving feedback to struggling students. They
may also use the data gathered by the programs to identify and address common
problematic confusions faced by students.

CONCLUSION

Non-responder groups, as in the current study, present a puzzle in reading intervention
research. Following previous findings, the current non-responder group showed initially
poor literacy skills, phonological awareness and rapid naming, along with weaker skills
in verbal memory. This may dampen their progress after intensive intervention. Beyond
simply extended practice, these students may need closer guidance in the type of
practice employed, including by technology-based literacy apps. Considering the weaker
skills that the non-responder group had at baseline, they may require practice that
involves a lesser cognitive load. For example, in the adaptive games employed in the
Grapholearn app, children advanced to more challenging trials and content once they
mastered the previous level (at 80% correct performance). More difficult trials included
selecting amongst more distractor letters to map to the given phoneme. For non
responders it may be beneficial to use the simpler levels where they have to choose
between two print alternatives rather than multiple responses to map to each sound.
While adaptive games are heralded as one way to individualize instruction and practice,
the use of an adaptive game format also may have to be recalibrated to maintain
students’ engagement while increasing the challenge level of the tasks.

Regarding the responder group in the present study, responder status included fluency
gains, and many of the students (41%) achieved word reading fluency in line with typical
developing peers. This is encouraging, considering that intervention studies show less
tractable effects for fluency and speed of decoding words and reading text, in contrast
to reported strong effects on decoding accuracy (Torgesen et al., 2001). The present
results suggest the interactive apps can supplement students learning and fluency
through extended practice.
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