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Backgr word reading is a key characteristic of skilled reading, yet most children with

reading ve impaired word-reading skills. Previous research has demonstrated that multi-

{

componen tions targeting phonemic awareness and the alphabetic principle are effective

u
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for children with reading disorders. However, about 25% of children fail to respond to these
interventions. While it has been difficult to isolate the active ingredient, the findings of some studies

suggest that tasks targeting phonological recoding and orthographic processing are essential
eIemeanTng decoding.

Aims: Tod @ d evaluate an intervention that specifically targets phonological recoding and
orthograp HicHgFae g (a decoding intervention) for children with persistent word-reading
impairnié nif—

Methods hres: A single-subject crossover design with multiple treatments was used to
examine t fficagy of the decoding intervention (15 x 20-min sessions) compared with a language
ntrolled for individual therapy time. Eight children (aged 7:6-8:11 years) with
persistent wer ding impairment were randomly assigned to one of two intervention sequences.

G

interventio

The effect @f d€coding intervention was evaluated by (1) changes in decoding accuracy

=

measured by performance on researcher-developed non-word lists; and (2) generalization to other
standardized meadSures of reading.

U

Outcomes & Results: The results showed that all participants demonstrated significant gains in non-
word readifig on researcher-developed non-word lists and standardized measures of non-word-

£

reading ac d efficiency. Trends for improvement on standardized measures of word-reading

efficiency, ing accuracy and reading comprehension were observed.

Conclusion ations: This decoding intervention significantly improved non-word decoding

M)

skills in ts who had not responded to previous reading interventions. As such, it may be

an efficient'@@ljRct to the first stage of reading interventions for this population. The relative lack of
generalizati her word-reading skills may have been due to the nature of the outcome
intervention time and/or additional delays in participant orthographic

processing skills.

L

Keywords: W r-supported intervention, reading disorder, phonological recoding, decoding,

orthograp sing, dyslexia.

<A>What this paper adds

This researgh addrgssed the need for evidence about key components of reading interventions for
childrenMent reading disorders. A specifically targeted decoding intervention that enabled
interpreta impact on reading skills was developed, evaluated and made freely available for
future resem

etal., the results:ovide preliminary evidence that an intervention that specifically targeted
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phonological recoding and orthographic processing for children with persistent word-reading
impairment resulted in significant gains in measures of non-word decoding, with trends for gains in
word-reading skills

s’

<A>|ntroda

A substﬂt umber of children have difficulty learning to read. For example, the results of an
internatio ment of educational achievement of 15-year-old students conducted by the
Programm r Imgernational Student Assessment (Wheater et al. 2014) showed that 17% of

students inffEngland performed at or below the low international benchmark for reading. Reading is a

skill that allo erson to comprehend the meaning of written text: a skill which, according to the
Simple VieW offReatling (Gough and Tunmer 1986), is a product of listening comprehension (i.e., oral
language s ability to interpret the meanings of words, sentences and discourse) and word
recognitio lity to read words accurately). Research supports the conclusion that there are

broadly two forms#ef reading disorder: difficulties with word recognition and difficulties with

comprehension (Snowling and Hulme 2012). The research focused on children with persistent word-

recognitiorgm pairment.

Accurate, context-free word recognition has been shown to predict later language, reading

comprehens general knowledge in children from Grades 1-10 (Sparks et al. 2014). However,

most childre reading disorder have impaired word-recognition skills, with decoding (use of
graphe e translation to read words) being the main area of difficulty (Herrmann et al.
2006).

i word recognition have focused on a number of aspects, including the processes
involved in skilled word reading, developmental phases and mechanisms which support the
establishmgnt of word-reading skills. The dual-route model (Coltheart 2006) proposes that in skilled
readers twht paths (routes) are used in context-free word recognition. The lexical route
enables ins gcognition of words. It accesses the mental lexicon that contains a large bank of

sight word @ ith well-established knowledge about the visual form (orthographic
representations

pronunciation (phonological representations) and meaning (semantic

represent ¥ the word is not represented in the mental lexicon, the non-lexical route (in which
grapheﬂe rules are used to sound out and read the word) is engaged.

“ theory (Ehri 2005) describes a progression through four phases in the
acquisition word recognition. The first phase (pre-alphabetic) is characterized by whole-
word context-depg@hdent recognition of a small number of words. In the second phase (partial
alphabetic), dge of letter names and sounds emerges but an inability to pay attention to all
lettersint prevents accurate word decoding. In the third phase (full alphabetic), mastery of
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grapheme—phoneme correspondences allows decoding of unfamiliar words; while in the final
consolidated phase, expanded knowledge of grapheme—phoneme connections of larger units (rimes,
syllables, morphemes, whole words) enables decoding of multi-syllabic words, thus supporting the
develop increased bank of sight words.

Th albgical recoding theory (Share 1995) describes a self-teaching mechanism

(phonologi@a #8if8) that allows the child to develop well-specific orthographic representations
of wordS—@iEss@ntial component of sight-word development. Phonological recoding is said to

occur whemthe child successfully attends to the internal structure of unfamiliar words by sounding
out (grapheme—phoneme translation) and blending the sounds to then ‘read’ the word. It has been
shown to

the child ac

y a ke role in orthographic learning (e.g., Cunningham et al. 2002): a process in which

utomatic recognition of printed letter strings.

Orwic processing itself has also been shown to be a key skill in word-recognition
development. It refers to the ability to acquire, store and use orthographic knowledge: orthographic

representations, agwell as knowledge of the positional and contextual constraints on how letters
may be usagi en language (Apel 2011). Orthographic processing has been shown to make a
unique and istigally significant contribution to word-recognition development (Cunningham
2006); howver, children at risk of reading delay have significantly reduced orthographic processing
skills (Apel . 2). The results of these studies—showing that phonological recoding and
orthograp sing are key skills that underpin the transition through the phases of word-
recognitiomment, and that children with literacy impairment may need a specific focus on
these skills—supported the development of our decoding intervention.

ars, interventions for children with reading impairment have followed the
ervention model. This three-tiered approach aims to prevent and ameliorate reading
disorders. In , evidence-supported instruction is provided to all students. Tier 2 involves an
individualized plan and explicit instruction for students who are at risk of reading disorders; while in
Tier 3, in-d&th assessment and intensive instruction is provided to the students who make less
progress than expected with Tier 2 interventions (Denton et al. 2013, Austin et al. 2017).

e e Ace supporting early reading instruction (Tier 1) targeting phonemic awareness
combined with letter—sound knowledge is well established (National Reading Panel 2000). Though

there is evi@ence that targeting these skills with greater intensity is effective for most students

requiri i imterventions (e.g., Ritter et al. 2013), about 25% of students fail to respond
(Buckin 012). Fewer studies have examined Tier 3 reading interventions, but significant
levels of nqQn- se (Torgesen 2001) or highly variable responses (Denton et al. 2013) have been

reported. FurtherMore, most reading interventions involve a number of components (e.g., phonemic
awareness , sight-word reading, text reading, word study, shared reading), which means it
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has been difficult to isolate which component(s) have contributed to improvement in specific skill
areas.

the Tier 2 level, some studies (McCandliss et al. 2003, Pullen and Lane 2014)
have investigaéed interventions for word-reading impairment with fewer components. McCandliss et
al. (2003) ¢
manipulati
graphefile-BR@AEMe correspondences of consonants, short vowels and vowel digraphs), and a

gading activity involving target words. Participants were 24 typically developing children
elay (with poor decoding skills) in their second year of school who were randomly

a two-component intervention (20 x 50-min sessions) that comprised a
detivity (progressive minimal contrasts changing one letter at a time to teach

sentence-r
at risk of re

assigned tq ent or control group. Intervention effectiveness was evaluated using pre-/post-

interventio on researcher-developed non-word lists, and standardized assessments of
phonemic afa s, word and non-word reading, and reading comprehension. The results showed
that while w/ention group made significant gains in non-word reading (decoding),

comprehe
of an intervention gffect on word-reading skills was attributed to the nature of the word-reading

phonemic awareness, about one-third of the children made nominal gains. Lack

outcome T it contained irregular words that were not targeted in the intervention.
Additional of pre-intervention decoding responses revealed a consistent pattern of
decoding emthree— and four-letter words (consonant—vowel-consonant words and those with
consonant blends), which suggests that some of these children may have required a stronger focus
on decoding it ith one-to-one letter—sound correspondence to enable transition from the pre-

alphabetic tart habetic phase of word-reading development.

nd Lane (2014), in addition to examining the effectiveness of a two-component
intervention 0-min sessions using a manipulative letters decoding activity and a book-reading
activity to isolate the key component. Ninety-eight children at risk of reading difficulty
(i.e., had scored below the 20th percentile on a measure of invented spelling) in the second year of
school weriassigned to three conditions: treatment (book reading plus decoding), comparison

(book read and control (business as usual). Treatment effectiveness was examined using

pre-/post-i ption responses on researcher-developed measures of word and non-word
decoding ( er items), sight-word reading and phonological awareness. The results indicated
that the groUg received the full intervention (book reading plus decoding) significantly
outperfor omparison and control groups on the phonological awareness and both decoding
measurﬂe full intervention and comparison group performed better than the control
group on the sightgword reading measure, only the group that included the decoding task reached
significaMsults suggested that the manipulative letters task (an orthographic processing

activity) w component, and that decoding practise may result in improved sight-word
reading. F e, it was suggested that future research should include a fourth intervention

group: (&ived only the decoding task.

This article is protected by copyright. All rights reserved.
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The results of these intervention studies suggest that a proportion of children who have
delays in the early stages of word-reading development may benefit from intervention targets that
match their existing orthographic knowledge, and that tasks which specifically focus on orthographic
processM key component within interventions. These findings, combined with the need to
gather evid out children requiring Tier 3 interventions, supported the development of the

decoding i on which specifically targeted phonological recoding to support orthographic

processing.
I I
A ber of factors that have been shown to impact on orthographic learning were

incorporate
feedback
orthographi edge, as decoding accuracy and prior orthographic knowledge both predict

orthograpmg (Cunningham et al. 2002). Second, based on research (Apel et al. 2012)

intg the design of the decoding intervention. First, the child receives corrective
out deoding accuracy on target items which have been matched to their level of

showing t n at risk of literacy delay develop orthographic representations more efficiently
with items rthotactic probability (the frequency with which a word’s graphemes and
bigraphs appear infEnglish), the items (words and non-words) are organized according to their
orthotacti ility. Third, target items are presented without context because, while context has
been sho ase decoding accuracy, the ability to use phonological recoding to support
orthograp ing is not affected by context (Cunningham 2006). Fourth, the intervention

provides high levels of repetition of the target skill (phonological recoding), as repetition has been
shown to mearnmg of key skills (Carmichael and Hempenstall 2006) and the development of

orthograph entations (Bowey and Muller 2005). Finally, all items had one-to-one letter—

sound ce because (1) most young children with reading delay have not mastered
accurate de of short three-letter CVC (consonant—vowel—-consonant) words (McCandliss et al.
2003); an as been shown that presentation of items with a similar grain size (in this instance,
requiri

pheme—phoneme correspondence so there is no switching of strategy to read
items) optimizes word-reading performance for English readers (Goswami et al. 2003).

Usue-phase model for clinical-outcome research outlined by Robey (2004), this
study used agsi -subject research design (SSRD) as a Phase Ill test of efficacy of the decoding
ing Phase | clinical trials (which showed gains on standardized measures of non-

interventia

word reading*@e®a result of interventions targeting decoding skills), the Phase Il pilot study was
conducted al. (2013) developed and trialled the iPad-delivered decoding intervention to
gather vidence about efficacy and to fine tune intervention protocols. Three

partmpantl in the'thlrd year of school (aged 7-8 years) with persistent word-reading impairment

were invo In an SSRD with three phases: A (eight baseline sessions), B (15 decoding intervention
sessions) t baseline sessions). The results showed significant gains in non-word reading
for all part n targeted areas with trends for generalization to non-targeted areas. The
limitations of thissfudy included (1) the small number of participants, (2) the short duration of the

This article is protected by copyright. All rights reserved.
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maintenance period and (3) the fact that it did not include randomization or intervention
comparisons.

Il study aimed to address these limitations by increasing the number of

ihwh qguestions were:

. D@ding intervention that specifically targets phonological recoding and
ort

ic processing increase non-word-reading skills of children in their third year of

r
sch@bl persistent word-reading impairment?

e Does this Intervention result in gains on standardized measures of a range of reading-related
skills (nomword-reading accuracy, word and non-word-reading efficiency, text reading, and
rem

i prehension) in this group of children?
The first hypothesis was that this Tier 3-decoding intervention that matched the orthographic
knowledg articipant would significantly improve performance on measures of non-word
reading. Th

hypothesis was that the intervention would result in gains on some of the

standa ing outcome measures, as some of these measures included items that were not

targeted in rvention.

<A>Materials and method

<B>Study *

This study @ gle-subject cross-over design (figure 1). There were two treatments: the
decoding in ion and a language intervention that controlled for the effect of individual
therapy ti e researcher. Treatment commenced with eight baseline sessions (A') in which
pre-intervefaition measures were administered. Participants were then randomly allocated to receive
either 15 dgcodinggB) or language intervention (C) sessions. The second baseline (A%) reassessed
perform ected outcome measures over eight sessions. The intervention conditions were

then swapmy, all participants completed eight baseline sessions (A®) in which post-

interventi ance on the outcome measures was assessed.

<
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<fig 1>

<B>Part1c1*n¥s

Participan @ ree boys and five girls in their third year of school (aged 7-8 years). Ethical
approval for the study was granted by the Curtin University Human Research Ethics Committee and
the Victgrmment of Education, and caregivers provided informed consent. Teachers from
three Vict rnment schools were asked to identify monolingual children who had no known

language oggev mental delay, and who continued to have reading problems despite having
received pRevious feading intervention—thus representing children requiring Tier 3 intervention.

Pariiki were selected if there were no sensory or developmental impairments on a
school nurwing and parent questionnaire; they were not considered to have an intellectual
impairmen sed by WISC-IV (Wechsler 2003); grapheme—phoneme knowledge for consonant
and short-vowel lefiters were within 1 SD (standard deviation) on the Grapheme subtest of the
Phonologi ness Test 2: PhAT-2 (Robertson and Salter 2007); articulation skills were in the
normal ra RCH Articulation Survey (Atkin and Fisher 1996); and word-reading skills were

more than $SD below mean on the Phonemic Decoding Efficiency and Sight Word Efficiency
subtests of the Test of Word Reading Efficiency 2: TOWRE-2 (Torgesen et al. 2012). Table 1 provides

participantipe 1ance on the selection measures. Apart from the RCH Articulation Survey, all

scores are St@an@amdl scores with a mean of 100 and SD of 15.

<tab 1>

ng selection, additional measures of pre-intervention oral language and phonological
processing were administered to provide insight into individual responses to intervention, using the
CELF-4 Australian (Wiig 2006) and the Comprehensive Test of Phonological Processing—2 (Torgesen
et al. 2012)§Although teachers had been asked to select children with no known language

difficulties, a number of participants demonstrated receptive and/or expressive language skills
below the ange, and all demonstrated difficulty with phonological memory (table 2).

<tab 2>
<B>OutLlees

To assess the succ®ss of the intervention, two measures of non-word reading were collected using
researcher ed non-word lists. There were 39 lists: 24 for the baseline sessions and 15 for the

decodin&@n. Each list contained 70 items with one-to-one grapheme—phoneme

This article is protected by copyright. All rights reserved.
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correspondence, starting with two- and progressing to six-letter items. The measures included NW
Rate (number of non-words read correctly in 60 s) and NW Total (number of non-words accurately
read to a ceiling of six errors in eight consecutive items). Researcher-developed measures were used
becauseHardized assessments lack the sensitivity to measure short-term growth in
children atdagges of word-reading development (Lane et al. 2009).

To econd research question, standardized tests of reading (word and non-word
efficien8y, R@REWIBRD accuracy, text-reading accuracy, and reading comprehension) were
administers Erior to intervention by the researcher and after the decoding intervention by a

n

speech—language therapist unfamiliar with the children and blind to the research aims. These
included:

. Temd Reading Efficiency—2 (TOWRE-2) (Torgesen et al. 2012), which comprised two
su ht Word Efficiency (SWE) and Phonemic Decoding Efficiency (PDE). These
differed fr@m NW Rate by including items that were not one-to-one letter—sound

correspondence.

e Defedi btests of the Phonological Awareness Test—2 (PhAT-2) (Robertson and Salter
2007), which has eight subtests: Vowel-Consonant, Consonant—Vowel-Consonant,
Cofiso igraphs, Consonant Blends, Vowel Digraphs, R-Controlled Vowels, CVCe, and
Dipfith .

alysis of Reading Ability 3rd Edition (Neale 1999), which results in three scores:

n
Readi uracy, Reading Comprehension and Reading Rate.

<B>Materi!s

All material decoding intervention, the researcher-developed non-word lists and the language

presented tf aterials for the decoding intervention, the researcher-developed non-word lists and

a meamﬂ learning—all using the analogy of learning to drive a car (figure 2).

interventia

felivered on an iPad. WordDriver-1 (see www.worddriver.com for details)

<fig 2>

Us is analogy, during the decoding intervention the learner progresses through three
stages (L-Plate—Ile@rner; P-Plate—practice; D-Plate—driver) in mastering accurate decoding of
randomly d items (words and non-words) at five levels of difficulty (two-, three-, four-, five-
and six-letter j . At each level, the L- and P-Plate items are organized in a predetermined

This article is protected by copyright. All rights reserved.
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sequence—initially the first letter changes, then the last, then the middle and then all letters. This
draws attention to each letter and enables specific teaching (in the case of the L-Plate) and practice
(P-Plate) of phonological recoding. The D-Plate items are organized according to orthotactic
probabi!“presented adaptively in response to participant error: easier items (higher

ility) following an incorrect response and more difficult (lower orthotactic

ate (test) using a similar graphical interface, while the S-Plate (speed) measures changes
in motor riionse o control for any increased rate in using the app. Apart from two-letter items,

there was ition of items between or within the decoding intervention and the T-Plates.

ThglLangudge Intervention condition used the Extra Language Resources app (ELRSoftware,

C

2000; see .com.au/elr.htm) and was designed to target participant-specific language
weaknesse ere identified in the pre-intervention language assessment. For example, a
picture—bam;ations’ task (figure 3) targets vocabulary knowledge (naming each picture),
comprehe ecting an association with another picture) and expressive language (using

specific vocabularylito explain the association). No words were displayed as part of the language

U

activities, cus was on oral language skills. Thus, no extra reading practice occurred during
these sessi he T-Plate was not administered.
<fig 3>

dl}

<B>Pro

Each participa gressed through five phases (table 3) comprising 54 sessions of 15—20 min
duratio i ention was delivered by the researcher and took place three times per week
over two school terms in a quiet location at the child’s school.

<tab 3> s

bhase (A'), all participants completed eight sessions. During each session, a T-

Plate was a@ tered first, followed by the S-Plate, and one or more of the standardized outcome

measures so that each session was completed within 20 min. On each T-Plate trial, the child touched
the Go butfon, read out loud the non-word letter string and touched the Go button to view the next
item. N bout accuracy of response was provided. The researcher stopped the child after
60 s if tW reached the criterion (six errors in eight consecutive items); otherwise, the child
was allowed to continue until the criterion was reached. On each S-Plate trial (20 in total) the child

touched t@ton to see a white-coloured road sign. As soon as the road sign turned black, the

child touc o button again and the response time (time between presentation of black sign

and tou& Go button) was automatically recorded. There were no significant changes in

This article is protected by copyright. All rights reserved.

10



motor response over time, hence improved skill at using the iPad was ruled out as a contributing
factor in changes in responses on the NW Rate measure.

Wecond phase, four participants completed 15 decoding intervention sessions (B)
while four did anguage intervention sessions (C). Each decoding intervention session consisted of
a T-Plate, 3 C

(figure 4 shi@
I

<fig 4> s

Dutimg the decoding intervention all participants began at the level of two-letter strings as
they had alAmade 8rrors at this level on the pre-intervention assessments. The L-Plate was the
starting point at all levels (two-, three-, four-letter strings etc.), followed by the P-Plate, and finally

the D—PIatWe L-Plate was used explicitly to teach phonological recoding (i.e., the researcher
performed f actions with the iPad), during the P-Plate and D-Plate the child performed more

of the acti hild touched the Go button, and read out loud a randomly presented word or

and one or two of the decoding intervention modules: an L-, P- or D-Plate
ple progression).

non-word. The res@archer told the child whether it was a word or a non-word, and provided
corrective feedback about accuracy of response (by touching the Correct or Help button following a
correct anﬁct response respectively). There were three levels of help following an incorrect
response: ighlighting of letters to stimulate phonological recoding, visual plus auditory

feedback to@emenstrate phonological recoding and, finally, the researcher touched each letter and

verbally pe % phonological recoding. To support sight word development, the meaning of real
words was
the chil word spontaneously in a sentence that related to their own experience. In the

case of non-w the researcher used a sentence explaining that the item ‘was not a real word; it

respectively) by touching either graphic, and touched the Go button to start the next trial. A criterion
of 90% accuracy was required on the P-Plate to move to the D-Plate (within each level), and on the
D-Plate to &ﬁress to the next level (e.g., from three- to four-letter).

age intervention session comprised two oral language activities selected from the
elrapp. T was not administered during these sessions. While vocabulary development was
targeted for all participants, an additional goal for participants with expressive language impairment

was oral ndfrative skills. The vocabulary tasks included ‘associations’ (depicted previously),

‘similariti ififerences’ (naming two pictures and explaining how they are similar and different),
‘detecti ut’ (naming four pictures, categorizing, identifying the one that is not in the
category) ‘ rating words in a given category’ (the child sees three pictures, names the

category and nam@s other items within that category). The oral narrative task used a picture
sequence a short story: the child described the action in each picture and then retold the

This article is protected by copyright. All rights reserved.
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entire story. Thus, the language intervention condition, while providing therapy for an identified
need for each child, formed a control for the effects of individual time spent with each child.

e 3 (A?) all participants completed eight Baseline 2 sessions which were identical

to A' except that.a speech—language therapist blind to the research aims and unfamiliar with the

participant stered the outcome measures to those participants who were now in post-
decoding i phase
I

PhSe 4 of the cross-over design entailed a swap of intervention conditions. The procedures

for each in n condition were identical to those described in Phase 2.

Finally, in Bhase 5 (A% all participants completed eight Baseline 3 sessions. As this was post-
intervention fOrf all participants, the researcher presented the T-Plate and S-Plate, and the

independem—language therapist administered the other standardized outcome measures.

<B>Data am

The first re§€arch question examined the effect of the decoding intervention on the two measures of
the depen iable using analyses appropriate for SSRDs: visual inspection of the graphed

stical analyses. Visual inspection (Rubin 2010) involves examination of within-

phase char@dctd w s of stability of the graphed responses (how variable responses are) and trend
(direction oftha®ge); and between-phase changes in level, trend and slope of data from baseline to

interve ’
Thr stical analyses were used:

. Stiitical process control (SPC) (Portney and Watkins 2009) determined if a stable baseline
were achieved, that is, if the baseline responses were within the limits of common cause
ich is defined as data that fall within 3 SD of the mean.

e The band method (Rubin 2010) assessed whether there was a statistically significant
@etween baseline and decoding intervention phases. If at least two consecutive
imbsiin the intervention phase fall outside the 2 SD band, changes from pre-
W baselines are considered significant.

o A n of Cohen’s d effect size appropriate for SSRDs (Beeson and Robey 2006) in
whi vel of performance from the first baseline (A') was compared with that of the
second (A@and third (A®) using the following calculation:

This article is protected by copyright. All rights reserved.
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d= (XAZ - XAl)/SAl

Hd A, are pre- and post-treatment phases respectively; X, is the mean of the data
D a phase; and S, is the corresponding standard deviation. As no previous studies
goals and outcome measures (e.g., McCandliss et al. 2003) have reported effect
sizes to provide an appropriate benchmark, the effect size in this study was used to interpret
iesponse to intervention for each participant relative to the other participants.

The seconu guestion examined any clinically significant changes that were made by each
participant ja t andardized reading outcome measures. A clinically significant gain was judged to
occur whewm score moved from one category to the next as defined in the specific test
manual, for example, from severe delay to moderate delay. The TOWRE-2 also provides an

interpretation 05ange in raw score using a percentage probability that the difference is due to the
interventi

<A>Results

<B>Questim

<C>Vis

The firs§estion examined the impact of the decoding intervention on non-word decoding
of item -one letter—sound correspondence as measured by researcher-developed non-

word lists, the T-Plates. The graphed scores for each participant are shown in figure 5. Participants
1-4 depict@he decoding-first condition (A'-B—A’-C—A?), while participants 5-8 depict the language-
first condith—Az—B—A?’). Each graph includes four measures: NW Rate (number correct in 60
s), NW Tot@umber correct), and the 2 SD band lines for both NW Rate and NW Total.

<fig 5>

Dufiing the first pre-intervention baselines (A'), the NW Total data show low and stable
levels f ipants (P1, P3—P5, P7) and greater variation for three (P2, P6, P8). The NW Rate
data shc“table levels for seven participants (P1-P5, P7, P8) with variation in responses for

P6. During d pre-intervention baseline (for the language-first participants), two (P6 and P8)
demonstrated a slight increase in level (i.e., increased accuracy), one (P5) a decreased in level, and

one (P7) n e for NW Rate and NW Total.

<
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During the decoding intervention (Phase B), while the NW Total scores increased in level
with a trend for increased accuracy for all participants, the slope varied between participants. Five
participants (P1, P3, P5—P7) showed a gradual increase for the first six sessions, followed by a steep
slope; ngradual slope for the first 11 sessions followed by a steep slope; and two
3) showed a slope with variability. The NW Rate data generally mirrored NW Total

@Vel and trend, but with a less pronounced slope: an expected outcome as there is
a limit to the number of items that can be attempted in 60 s.

I

DWost-decoding intervention baselines all participants maintained the level of
response for NW,Total and NW Rate, and there was no change in trend or slope.

<B>5tatistimses

The SPC an ow that though the visual inspection suggests a degree of variation in pre-
intervention basellhes, all participants achieved stable pre-intervention baselines as all data points
are below band for NW Rate and NW Total (satisfying the SPC requirement), and all but one
data point the 2 SD band.

Th nd method which is graphed for NW Rate and NW Total shows that all

participan
the 2 SD bamd.
consecutive data points above the 2 SD band); one (P2) barely reached significance (three

significance for NW Total with a range of 7-14 consecutive data points above

participants (P1, P3—P5, P7) reached significance for NW Rate (a range of 5-13

ta points above the 2 SD band); and two (P6 and P8) did not reach significance.

en’s d effect size calculation (table 4) shows the magnitude of the treatment effect
for each participant. First, the decoding-first participants made gains following the decoding
intervention (A1-A2) but no further gains following the language intervention, and the language-first
participanﬁade no gains until completion of the decoding intervention. The second observation is
that though there Is considerable variation between participants, significant gains are associated

with effec @ er 4: the NW Rate effect sizes for participants who did not make significant gains
(P6 and P8 baylly reached significance (P2) were below 4, and all participants who made
significarieved effect sizes greater than 4 for NW Rate and NW Total.

<tab 4>

<
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<C>Question 2

The second research question examined the effect of the decoding intervention on standardized
assessmMing by examining the clinically significant changes for each participant on

standardize ures of word and non-word reading (table 5).
<tab 5>

*hﬂ-z PDE analyses showed that four participants made clinically significant gains on
their stand s, and seven made gains using the raw score interpretation (Torgesen et al.
2012). On the TOM(RE-2 SWE, one participant made a clinically significant gain on their standard
score, and five on the raw score interpretation.

Th Decoding analyses showed that two participants made gains on all three
targeted a V@JCVC, C BI), four participants on two targeted areas and two participants on one
targeted ar, een of the 16 clinically significant gains represented improvement from below

average to the avefiage range. Generalization to one non-targeted area (consonant digraphs) was
demonstra X participants.

Thelresults of the Neale showed that three participants made clinically significant changes in
their perce descriptors for reading accuracy, four for reading comprehension and there

were no gmding rate.

This study designed, developed and evaluated a decoding intervention targeting phonological
recoding as orthographic processing, on word and non-word reading, text-reading accuracy, and
reading comprehension. Following a discussion of the two research questions, a brief examination of
gtween pre-intervention participant profiles and response to intervention is

he limitations and conclusions are discussed.

<B>Questi¥ 1 '

The first re estion examined the impact of the decoding intervention on non-word decoding
of items with one-fb-one letter—sound correspondence measured by researcher-developed non-
word lists. Its showed that all participants made gains in decoding accuracy, but fewer in
rate of decogdi a measure of reading fluency. This finding is consistent with other research
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(Buckingham et al. 2012, Denton et al. 2013, National Reading Panel 2000, Torgesen 2001) which has
found reading fluency to be relatively resistant to intervention.

le we found that the language-first participants made no gains following the
language integgation, all participants made gains following the decoding intervention, and, for the
decoding-f @ ipants, the gains were maintained for 2 months following the decoding
interventio ults suggest a direct relationship between the decoding intervention and the
significdAt GaiAsIiAhon-word reading.

Th*l inspection of responses during the decoding intervention showed that there
was a graddal impovement in decoding accuracy over time. This suggests that accurate
phonologi ng takes time to develop, and that there is variation in how quickly individual

children mm skill.
Th c@mes of this research may be considered in the context of other studies (Pullen and

Lane 2014, liss et al. 2003) that targeted word-reading skills (specifically to support
progression from tie partial to the full alphabetic stage) and employed researcher-developed non-

word lists as an outcome measure. While analyses conducted at the group level showed significant
gains for th€ experimental groups, McCandliss et al. (2003) conducted an examination of individual
responses @i ntion and found that about one-third of participants only made nominal gains. A

number of di aces in this research may have contributed to the findings that all participants

gested that a key component of successful intervention was a task targeting
decoding skills: nd, the decoding intervention targeted items with one-to-one letter—sound

which may have enabled all participants to demonstrate a positive response to intervention. Two
additional differences highlight the implications of these results: compared with the Tier 2
interventios of McCandliss et al. (2003) and Pullen and Lane (2014), our specifically targeted

decoding interyention required less time; and the participants (who required Tier 3 intervention)

were moref$ impaired.

The results suggest that the decoding intervention was successful in delivering a time-
efficient intérvention targeting key skills which some children have difficulty mastering despite
receivi i ing interventions. These skills allow progression from the partial to the full
aIphabeMeading development, and underpin sight word development (Cunningham 2006)

and readinﬂhension (Ehri 2005).
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<B>Question 2

The second research question examined the effect of the decoding intervention on standardized
assessmMing. Most participants made clinically significant gains on standardized tests of
non-word-reading accuracy and non-word reading fluency, fewer gains on word reading fluency, and

we observed for improved text-reading accuracy and comprehension.

I
<B>Non—wwg

Regarding flon-woltl-reading accuracy, all participants made clinically significant standard score

&

gainsin at | e of the three targeted areas, suggesting improvements in their mastery of the
process of giio ical recoding. While six of the eight participants also showed generalization to a

non-target eaffitems with consonant digraphs), no generalization to vowel digraphs was

3

demonstra ination of individual responses on the non-word-reading assessment provides

some insight. Befofe intervention, all participants had mastered orthographic knowledge of

Ll

consonantss owels and consonant digraphs, but no participant demonstrated orthographic

knowledge | spelling patterns. For example, before intervention, faim was often pronounced

as /fam/, s as /sad/; and following intervention, attempts at these items revealed mastery of

3

phonological recoding but lack of orthographic knowledge, i.e., faim was recoded as /f-a-i-m, fam/
and sead a§//s , sad/. Hence, it was possible that their severe delays in orthographic knowledge
of vowel spelli tterns may have contributed to the observed lack of generalization.

alyses of the results on the non-word reading fluency measure showed that half the

participants linically significant standard score gains; and for six of the eight participants,

W

there than 85% probability that gains in raw scores were due to the intervention. This

result suggests that a degree of generalization may have occurred, as the non-word-reading fluency

assessmentijncluded items that contained consonant and vowel digraphs.

f

These results suggest that the decoding intervention was successful in developing a key
w pnological recoding) that enables efficient use of the non-lexical route (Coltheart
s from the partial alphabetic to the full alphabetic stage of reading (Ehri 2005).

foundatio
2006) and
This progressi ports the emergence of the consolidated phase which leads to the development

of a large bank of established sight words.

{

<B>Word meading
The analys e standardized measures of word-reading efficiency and text reading suggested
trends for i d skills in word reading and reading comprehension: There was a greater than

A
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85% probability that the raw score gains on word-reading fluency for four participants were due to
the intervention, and half the participants demonstrated trends for improved scores on text-reading
accuracy and comi[ehension. Consistent with previous research (Buckingham et al. 2012, Denton et

al. 2013} eading Panel 2000, Torgesen 2001), there were no changes in reading fluency.

[A
reading in 3 rst, the word-reading outcome measure is a timed assessment. Similar to
Buckinglia iieaim2012), who found significant gains in an untimed but not in a timed measure of
word read the participants may have demonstrated gains on an untimed measure of word

@ ber of factors may have impacted on generalization to measures of word

reading as NW Tgtal significantly improved for all participants, but NW Rate did not.

Se ays in orthographic knowledge of vowel digraphs may have prevented
generalizati ord reading. Within the paradigm of Ehri’s phase model (Ehri 2005), children in
the early swaming to read need to have knowledge of the grapheme—phoneme rules for at
least the commof spelling patterns in order to perform accurate phonological recoding. Hence, even
though all mts mastered phonological recoding, it is possible that they were unable to use

this skill ac o decode items which included unknown graphemes.

Thg, IacE of significant gains in word reading may relate to impaired orthographic
processing ski his population. Apel et al. (2012) have shown that children at risk of literacy

delay are le

pnt at developing orthographic representations. Hence, though the participants

made significafit gdins in phonological recoding, this population may take longer or require a greater

dose to develop*efthographic representations for words.

Fin is study investigated a specifically targeted decoding intervention to enable an
analysis of j on a range of outcome measures. As such, there was no additional support to
use ph oding during text reading: students with persistent word-reading impairment

are likely to benefit from encouragement to use decoding strategies during text reading.
AdditionaI; research has shown that effective interventions require a multi-component approach

(National
o

anel 2000). Hence, while the decoding intervention was successful in building

essential fg decoding skills, generalization to other domains of reading would be likely with

broader co S.

<B>Res rvention

o

The single-subject research design used in this research incorporated in-depth pre-intervention
assessment using Standardized assessments of oral language and phonological processing. Informal

examinati relationship between individual pre-intervention profiles and the number of

clinically signifi standard score gains on measures of non-word and word reading revealed three
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observations. First, consistent with previous studies (Denton et al. 2013, Torgesen 2001) that
highlighted the importance of oral language and phonological processing skills, most of the
participants had below-average scores on more than half the pre-intervention measures. However,

irrespec ntervention profile, all participants demonstrated clinically significant gains.

Second, thed®Wési effect sizes occurred for the two children with the strongest and for a child with
one of the —intervention profiles, which suggests that there may be other factors that
influence response to intervention. Third, within phonological processing, while two participants had
beIow-aeeH!geponological awareness and a different two weaknesses in rapid naming, all

participant,
of phonologigal ory in the development of decoding and word reading needs further

low average in phonological memory. These observations suggest that the role

explorationjand that the relationship between pre-intervention profile, including oral language

skills, and respoa:e to intervention is a complex one.

<B>Limitations 5
Limitations of this research include the small number of participants; the fact that the decoding

interventi!was Eelivered by the researcher; and use of a timed measure of word reading. Future

research ai vary the research design (larger number of participants, different people

delivering t ing intervention); (2) to extend targets to include consonant and vowel
digraphs; (8)) t de additional untimed outcome measures; and (4) to examine dose rate,
particularly Tor subsequent stages which target orthographic learning of consonant and vowel
digraphE

<A>Conclu

This resear to the existing evidence for Tier 3 reading interventions. It developed and

evaluated g intervention that delivers explicit, intense and efficient intervention for
children w! have not mastered accurate the use of phonological recoding to support continued
growth of grthographic learning. It evaluated the efficacy of this intervention using an SSRD of the
highest | dence: eight participants from three schools (thus incorporating children from
different t nvironments); a research design involving two forms of control (a ‘no treatment’
phase for Ecipant, and a comparison intervention to control for the effect of individual

therapy&m assignment of participants to intervention regime; and finally, each of the
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baseline phases involved the same number of sessions (enabling use of statistical analyses to
compare changes in performance between baseline measures). The findings are consistent with

previous research (Denton et al. 2013, Austin et al. 2017) showing significant gains following Tier 3
interven ! ionally, the decoding intervention significantly increased the decoding skills for

all participa is suggests that it may form a useful component within Tier 3 reading
interventio gicularly for those students with specific impairments in orthographic learning who
may ‘need a different approach to reading instruction, perhaps going beyond currently understood

“best prgc eslll ,Benton et al. 2013: 645). Finally, WordDriver-1 is available free for replication,
clinical usehwer investigations (see www.worddriver.com).

O
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Table 1 ant performance on selection measures

Tests Participant (age, years;months)
P1 P2 P3 P4 PS5 P6 P7 P8
(8:0) (7:9) (8:5) (7:10) (7:6) (8:4) (8:1) (8:11)

&3 90 80 83 82 100 92 80

105 102 101 95 106 101 101 106

WNL WNL WNL WNL WNL WNL WNL WNL

79 79 73 58 62 75 66 60
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TOWRE SWE 76 66 74 66 80 69 69 55

Note: FS, full-scale score; G-P, grapheme—phoneme composite score for consonants and short vowel

letters; normal limits; PDE, Phonemic Decoding Efficiency; SWE, Sight Word Efficiency.

t

P

oCIl

Table 2. St ores on pre-intervention profile assessments

Tests s P1 P2 P3 P4 P5 Po6 P7 P8

75% 90 84* 73%* 79* 90 81* 79*

n

Core langua

CELF-4 ‘

98 77* 82%* 68* 84* 74* 84*

91 86 76%* 80%* 91 78% 76%*

Phonologics 82%* 94 94 97 100 94 85%* 88

awareness

Phonologica' 9* 85* 76* 79* 76* 85* 82* 82*

memory
Rapid n;

‘ 88 91 103 103 85%* 97 88 70*

Notes: CELE-
Phonological Proc&@ssing—2.

*Scores > 1 SD ‘Edard deviation) below the mean.
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Table 3¢ Rliasesgsession type and session content

Phase

Number of

Decoding first

Language first

Session type

Session content

Session type

Session content

Baseline 1 T-Plate Baseline 1 T-Plate
(A1) S-Plate (A1) S-Plate
Outcome Outcome
measures measures
Decoding T-Plate Language 2 x eLr language
activities
(B) S-Plate ©
L-, P-, D-Plates
Baseline 2 T-Plate Baseline 2 T-Plate
(A2) S-Plate (A2) S-Plate
Outcome Outcome
measures measures
Language 2 x eLr language Decoding T-Plate
activities
© (B) S-Plate
L-, P-, D-Plates
Baseline 3 T-Plate Baseline 3 T-Plate
(A3) S-Plate (A3) S-Plate
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Outcome Outcome
measures measures
Table 4§omeffect size
L NW Rate NW Total
P1 P2 ’ 3 P4 P5 P6 P7 P8 P1 P2 P3 P4 P5 P6 P7 P8
Al- 74 | — 09 (02 |08 [9.6 |50 |278|154|-11|15 |-0.1]0.5
A’ 1.1
A — 6.1 1.6 |57 (09 |07 |- 0.0 2.3 209 | 7.1 | 289 | 4.7
A’ 1.6 0.1
Note: A seline phase; shaded data = post-decoding.
Table 5. Prmntervention standardized test scores
Test P2 P3 P4 P5 P6 P7 P8
Post | Pr | Post | Pr | Post | Pre | Post | Pre | Post | Pr | Post | Pr | Post
c € c c
TOWRE-2 stagdard score (average range = 90—110)
SWE 56 74 | 77 66 | 70 80 | 81 69 | 74* | 69 | 69 55 | 55
SS
PDE 75 73 | 78 58 | 78* 62 | 84* 75 | 85* 66 | 79* 60 | 68
SS
SWE 12 (29 [42%° [17 [25% |23 [33% |26 [32¥° [ 23 |23 |21 |25*
raw 5 5 5 5 0
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PDE 9 8 [14¥ o |[11® o [13* [ 12 [19¥ [4 |[12¥ |4 |9*¥

raw 5 5 5 5 5

PhAT-2 rd score (average range = 86—115)

VC 111 |70 | 103 |62 |91* |74 | 100 |11 | 111 |77 | 103 | 63 | 103
* * * 1 % k

CVC 108 | 98 [ 105 |69 | 70 86 | 108 |11 | 112 |89 | 112 |74 | 97*
* * 2

C 95* | < | 104 | < |84* |10 | 104 |98 | 111 |67 | 104 |80 | 103

Dig 64 | * 73 0 * *

CBI 104 | < | 108 | < | <69 |85 | 107 |85 |102 |69 | 114 |73 | 99*

v <74 | < | <66 |< |79 < <78 |66 |T72* | < | <66 | < |<65

Dig 66 78 78 74 65

Diph <78 | < |93* | < |78 < <82 |79 |79 < | <74 | < | <65

74 82 82 78 65

Acc 5 15 |20 8 10 17 | 14 18 | 21 7 17*% | 4 14%*
Com 12% |19 | 24* |11 |13 15 | 15 52 | 53 20 | 42*% |13 | 22
p

Rate 4 27 | 20% | 16 | 9% 15 | 21 13 |10 20 | 11 9 5
Note: SW Word Efficiency; PDE, Phonemic Decoding Efficiency; VC, Vowel Consonant; CVC,

Digraphs; A acy; Comp, comprehension; * = clinically significant gain; *" = probability that

the difference is f due to error.
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Figure 1. Research design.
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Figure 2. Screenshi of a decoding intervention module—the P-Plate.
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Figure 3. Language intervention ‘associations’. An activity targeting vocabulary development: the
child names each picture, clicks on a picture on the left, decides which is the matching picture on the

right and then expliins the relationship.
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o Q[‘ 1004-150 PicPairs - medium level [eg spider-web]
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Figureéquence of the 15 decoding intervention modules. T = T-Plate; S = S-Plate; L-2 = L-
Plate t [; P-2 = P-Plate two-letter level; D-3 = D-Plate three-letter level; L-4 = L-Plate

four-letter level etc.
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Figure 5. T-Plate scores for decoding-first (P1-4) and language-first (P4—6) participants. Shaded area

= decoding intervention (B).
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