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Abstract

Background: Despite evidence that synthetic phonics
teaching has increased reading attainments, a sizable minort-
ity of children struggle to acquire phonics skills and teach-
ers lack clear principles for deciding what types of additional
support are most beneficial. Synthetic phonics teaches chil-
dren to read using a decoding strategy to translate letters
into sounds and blend them (e.g., ¢-a-#= “k - ® — t” = “cat”).
To use a decoding strategy, children require letter-sound
knowledge (LLSK) and the ability to blend sound units (pho-
nological awareness; PA). Training on PA has been shown to
benefit struggling beginning readers. However, teachers in
English primary schools do not routinely check PA. Instead,
struggling beginner readers usually receive additional LSK
support.

Aims: Until now, there has been no systematic comparison
of the effectiveness of training on each component of the
decoding process. Should additional support for struggling
readers focus on improving PA, or on supplementary LSK
and/or decoding instruction? We aim to increase undet-
standing of the roles of LSK and PA in children's acquisi-
tion of phonics skills and uncover which types of additional
training are most likely to be effective for struggling begin-
ner readers.

Sample and Method: We will compare training on each of
these components, using a carefully controlled experimen-
tal design. We will identify reception-age children at risk of
reading difficulties (target »=225) and randomly allocate
them to either PA, LSK or decoding (DEC) training. We

promoting excellence in psychology

Charlotte Webber and Hetal Patel are joint lead authors.

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction
in any medium, provided the original work is properly cited.
© 2023 The Authors. British Journal of Educational Psychology published by John Wiley & Sons Ltd on behalf of British Psychological Society.

Br ] Edue Psychol. 2023;00:¢12641.
https://doi.org/10.1111/bjep.12641

wileyonlinelibrary.com/journal/bjep 1o0f24


https://doi.org/10.1111/bjep.12641
www.wileyonlinelibrary.com/journal/bjep
mailto:
https://orcid.org/0000-0002-3276-457X
mailto:l.r.shapiro@aston.ac.uk
http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1111%2Fbjep.12641&domain=pdf&date_stamp=2023-11-20

2 of 24 WEBBER ET AL.

will test whether training type influences post-test perfor-
mance on word reading and whether any effects depend on
participants' pre-test PA and/or LSK.

Results and Conclusions: Two hundred and twenty-
two participants completed the training. Planned analyses
showed no effects of condition on word reading. However,
exploratory analyses indicated that the advantage of trained
over untrained words was significantly greater for the PA
and DEC conditions. There was also a significantly greater
improvement in PA for the DEC condition. Overall, our
findings suggest a potential advantage of training that in-
cludes blending skills, particularly when decoding words
that had been included in training. Future research is needed
to develop a programme of training on blending skills com-
bined with direct vocabulary instruction for struggling be-
ginner readers.

KEYWORDS

awareness, decoding, early reading, graphemephoneme-correspondences,
letter-sound knowledge, phoneme awareness, phonics, phonological,
reading difficulties, synthetic phonics

INTRODUCTION

Learning to read is fundamental to all subsequent learning, and therefore effective teaching of early
reading is a key priority. The UK-government commissioned Rose Review (Rose, 2006) concluded that
synthetic phonics is the most effective way to teach early reading of alphabetic languages. Synthetic
phonics teaches children to read using a decoding strategy (translate written letters into sounds and
blend them: e.g., ¢-a-# = “k - & — t” = “cat”). In 2012, the “Phonics Screening Check” was introduced
for all Year 1 pupils in England, which has effectively mandated the use of synthetic phonics teaching
in English primary schools. There is evidence that school test scores significantly improved following
the introduction of synthetic phonics teaching (Machin et al, 2018). Nevertheless, a sizable minority of
children continue to struggle with basic reading skills despite receiving synthetic phonics instruction
(Department for Education, 2016; NFER, 2018). The current study takes mainstream synthetic pho-
nics teaching as the basis for effective early reading instruction and examines which types of additional
support would most benefit struggling beginning readers. Synthetic phonics applies a ‘part-to-whole
approach’ (Ehri et al., 2001) in which children learn to decode words by identifying the component
phonemes and blending them together to pronounce the word. This approach teaches children to

(i) Develop knowledge of letter-sound correspondences (the letters or groups of letters that represent
the individual speech sounds in language; e.g., the written letter « standing for the sound “a”).
(i) Apply their letter-sound knowledge to written words by translating written letters into individual
sounds, for example, ¢-a-7 = “k - @ - t”.
(iii) Blend these sounds to pronounce the word, for example, “k - & — t

3 < ’

cat

This third step requires “phonological awareness” — awareness of the individual sound units within
a spoken word (“k - @ - t”) and the ability to manipulate these individual sound-unit representations
(i.e., blend them; Pfost et al., 2019). Phonological awareness is highly predictive of reading growth and
is thought to be a key pre-requisite for learning to read (Melby-Lervag et al., 2012). In support of this
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view, there is evidence that phonological awareness training (in addition to phonics) benefits beginning
readers at risk of literacy difficulties (Hatcher et al., 2004; Shapiro & Solity, 2016). However, teachers
in English primary schools do not routinely check phonological awareness or provide adapted support
for children displaying phonological awareness difficulties. Instead, struggling beginner readers more
commonly receive additional letter-sound knowledge support alongside mainstream phonics teaching,
There are therefore strong theoretical and practical motivations for an experimental comparison of
different types of training for struggling beginner readers.

WHAT IS THE DIFFERENCE BETWEEN PHONICS

AND PHONOLOGICAL AWARENESS AND HOW IS THIS
DIFFERENCE MANIFESTED IN MAINSTREAM TEACHING
IN ENGLAND?

Phonological awareness (awareness of the individual sounds in spoken language) is taught in pre-
school and may also be taught very early in Reception (first year of primary school). However,
primary-level teaching often does not make a clear distinction between phonics (a strategy for trans-
lating writing into sounds) and phonological awareness (awareness of the individual sounds in spoken
language). In most phonics programmes, children gradually build up their knowledge of letter-sound
correspondences and learn to apply this knowledge to decoding written words. Great emphasis is
placed on letter-sound knowledge and blending in the context of print, and these skills are taught
very consistently across different phonics programmes. In contrast, there is less consistency in the
way phonological awareness is taught. Although some teachers may check children's awareness of the
individual sound units within a spoken word, this is not a requirement and phonological awareness is
not normally explicitly taught once children are receiving phonics instruction (except in the context
of decoding from print). A key question the proposed study aims to address is whether children can
develop sufficient phonological awareness skills through the teaching of phonics, or whether some
children require additional training on working with spoken sounds (e.g., segmenting and blending
spoken words). Since decoding written words naturally involves working with speech sounds, it is
conceivable that practicing decoding in the presence of print is an effective way to train phonological
awareness (in fact there is evidence that phonological awareness develops reciprocally with reading,
e.g., Perfetti et al., 1987). However, the demands of tasks that involve blending with print versus
blending without print are different. When print is present, letter-sound knowledge is recruited, in
addition to phonological awareness skills. The presence of print may help some children blend the
sounds accurately (e.g., reducing the short-term memory load if letters act as a retrieval cue; National
Reading Panel (US), 2000), whilst being unhelpful for others (e.g., causing them to shift attention
away from the acoustic properties of the sounds). Therefore, it is plausible that training on blending
sounds 7 the absence of print would benefit struggling beginner readers, helping them to acquire suf-
ficient phonological awareness to learn a decoding strategy.

The synthetic phonics programmes commonly used in English Reception classes emphasize let-
ter-sound knowledge over phonological awareness. For example, ‘Letters and Sounds’ (Department
for Education and Skills, 2007) is structured in six phases to teach children ‘phonic knowledge’
(the alphabetic principle), blending and segmenting. Phase 1 begins in the Early Years Foundation
Stage (EYFS) and has a strong focus on phonological awareness in the form of sound discrimina-
tion and oral segmenting and blending, however, in Phase 2 — introduced in Reception (first year of
school) — the focus changes to letter-sound knowledge (LSK) and blending written words. In Phase
2 and beyond, the general procedure for introducing two-syllable words for reading incorporates
a text-focussed approach to developing reading skills, for example, ‘(a) write a two-syllable word
on the whiteboard making a slash between the two syllables (e.g., sun/set), (b) sound-talk the first
syllable and blend it: s-u-n sun, (c) sound-talk the second syllable and blend it: s-e-t set, (d) say both
syllables: sunset, (¢) repeat and ask the children to join in, (f) repeat with another word” (Department
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for Education and Skills, 2007; pg. 65). Another commonly used programme (‘Jolly Phonics’; Lloyd
et al., 1998) focuses on learning 42 letter sounds and suggests 15min a day of focussed phoneme
tuition in which new letter sounds are introduced at a pace of 45 sounds per week. The programme
uses a ‘multi-sensory approach’, with each letter sound being introduced alongside actions, stories
and songs. Written letter formations are taught alongside each letter sound, with children typically
being taught how to form and write the corresponding letters for each sound within the same ses-
sion. Children are taught to recognize printed letters and their corresponding sounds and subse-
quently to blend and segment written words, without focussed tuition on developing these skills in
the context of spoken words.

Although additional support programmes can be selected at the discretion of the teacher, there
is no requirement that phonological awareness be specifically checked or supported for children
displaying reading difficulties. Some additional support programmes include an element of pho-
nological awareness training, for example, Easyread scheme, Reading Recovery, Sound Check and
the Reading Intervention Programme (Brooks, 2016). However, these are not purely phonological
awareness programmes, and all contain a text-based element. Most other programmes available take
the form of additional phonics, rather than focussing on phonological awareness (e.g., Catch-Up
Literacy Scheme, Lexia Scheme and Project X Code Scheme). These programmes are usually imple-
mented as a ‘catch-up’ for children who already display reading difficulties, or who did not pass their
Year 1 Phonics Screening Check, rather than serving as preventative schemes during the Reception
year. One programme that was designed as a preventative programme from the beginning of pri-
mary school is the Early Reading Research (ERR; e.g., Shapiro & Solity, 2016). ERR is delivered
to a whole class of children with differing levels of phonological awareness and reading abilities.
In the phoneme awareness aspect of the intervention, children are taught to synthesize up to five
individual phonemes to pronounce a word and segment words into a maximum of five individual
phonemes. The ERR programme is unusual in continuing to practice phoneme awareness orally in
the absence of print for the first 2years of school. Children attending ERR intervention schools
outperformed those in comparison schools, and a significantly lower proportion of children were
classified as having reading difficulties by the end of Year 2. These benefits may have been partly
due to the extra practice children received on phonological awareness; however, this hypothesis
would need to be tested by comparing different types of training more systematically.

It is likely that having good phonological awareness is especially important when children are
learning to read via synthetic phonics because of the focus on letter sounds at the phoneme level.
Shapiro et al. (2013) found that children rely most heavily on their phonological skills when reading
words that can only be read using a phonics strategy (i.e., nonwords which cannot be recognized
as whole words and must be broken down into letter sounds; e.g., s-a-7) versus when reading highly
familiar words that may be recognized by sight as whole words (e.g., #¢). It follows that for some
children, poor phonological awareness may be a barrier to learning key phonics skills (e.g., blending
phonemes to make a word). In support of this hypothesis, Shapiro and Solity (2016) found that chil-
dren who began school with poor phonological awareness did not respond well to intensive phonics
teaching (in fact they responded better to teaching that included regular practice on “sight words”).
Perhaps these children require more opportunities to cement their phonological awareness skills
(Bowyer-Crane et al., 2008).

Until now, there has been no systematic comparison of the effectiveness of training on each com-
ponent of the decoding process. Therefore, it is not currently clear how best to support children who
are struggling to develop phonics knowledge in their early school years. Should additional support for
struggling readers focus on improving phonological awareness skills in the absence of print? Or should
additional support focus on enhancing print-based skills in the form of supplementary letter-sound
knowledge and/or decoding instruction? Much of the available research into the effectiveness of pho-
nological awareness training focuses on primary school-age children (6 years and above). We review this
research below, before making predictions about how phonological awareness training could benefit
beginning readers in their first year of phonics instruction.
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PHONOLOGICAL AWARENESS TRAINING FOR
POOR READERS

There is a well-established link between poor phonemic awareness and deficits in word decoding,
which subsequently impairs reading comprehension and fluency (e.g., Elbro & Jensen, 2005; Hulme
etal., 2012; Mann & Foy, 2003). Indeed, interventions which focus on strengthening representations
of phoneme segments have been shown to aid phonological awareness (e.g., Rvachew et al., 2004).
Phonological awareness training has also been used as a therapeutic aid for older children with de-
velopmental dyslexia (Snowling, 2001) as well as with 6—7-year-old children with dyslexic parents
(defined as “at risk of reading difficulties”; Elbro & Petersen, 2004). Recently, Pfost et al. (2019)
tested a 20-week-long phonological awareness intervention for German pre-school children (age
4years 9 months to 6years 6 months; early primary in the UK). They found strong effects on phono-
logical awareness, which translated to a benefit in reading only for the lowest performing children.
They suggest that screening procedures within schools could help identify children with specific
phonological awareness deficits for which adapted training could be beneficial. Similarly, Hatcher
et al. (2004) found benefits of additional phonological awareness training, but only for children at
risk of reading difficulties. They compared four treatment groups: (i) reading alone; (ii) reading with
rhyme training; (iii) reading with phoneme training; and (iv) reading with rhyme and phoneme train-
ing. Children (M age 4.65years at the start of training) received 10-minute intervention sessions 3
times a week over 14.5months. The results showed that only phoneme training was “truly selective
in facilitating phoneme skills” (p.350) and that reading with rhyme training did provide a benefit to
phoneme skill when combined with phoneme training but not over and above that of phoneme train-
ing alone. Importantly, specific phoneme training generalized to reading skill in ‘at risk’ children but
not in ‘normally developing’ children. This study provides good evidence that an extensive period of
phoneme awareness training (14.5months) at an early age can be of specific benefit to those ‘at risk’
of phonological awareness deficit. However, this study was conducted prior to the introduction of
phonics in English primary schools, and since there was considerable overlap in terms of the training
provided in each condition, it does not indicate which component skill is most critical to support in
beginning readers.

Overall, although there is good reason to believe phonological awareness training would be bene-
ficial for some beginning readers, there has not yet been a systematic comparison with other types of
training. There remains an open question as to whether phonological awareness training in the absence
of print (spoken words only) is necessary for the development of a robust decoding strategy or whether
print-based training is sufficient.

THE PRESENT STUDY

In the proposed study, we aim to compare the benefits of additional training on each of the com-
ponents of the decoding process with a view to establishing key principles that help teachers de-
cide how best to support struggling beginner readers. Additional phoneme awareness training may
help some children to overcome an initial short-term barrier to their learning, enabling them to
access mainstream classroom phonics teaching, which in turn will further develop their phono-
logical awareness (the ability to manipulate the sounds that make up words) and reading skills.
Alternatively, children who are struggling to access class-based phonics may benefit from additional
support in securing letter-sound knowledge, or additional practice on the full process (i.e., decoding
printed words). We will compare the effectiveness of three types of additional training (phoneme
awareness, letter-sound knowledge and decoding) on children's phonological awareness skills, let-
ter-sound knowledge and word reading. Since our target group of participants is struggling beginner
readers, we anticipate very low performance on standardized tests of reading. We therefore use a
dynamic testing schedule, in order to explore in more detail the components of the reading process

851807 SUOWIWIOD 311D 3(dedtjdde auy Aq peusenob ake sjoiie YO ‘8sN JO S9|nJ 1o A%Iq1T 3UIJUO AB]IA UO (SUORIPLIOD-PUR-SLLBY WD A3 1M AReiq)1BUTUO//SdNY) SUORIPUOD pue SWie | 8Ly 88S *[£202/TT/c2] Uo ARiqITauliuo AB|IM 8oL A Ty92T del/TTTT 0T/I0p/woo A8 AReiq1puljuo'gnuoAsdsday/:sdny wioly papeojumod ‘0 ‘6287702



6 0f 24 | WEBBER £ AL

that are being supported by each training technique. A dynamic test was chosen rather than static
measures to allow pupils to respond after some prompting. Using a static measure where pupils can
either correctly or incorrectly respond on their first attempt is likely to result in floor performance
for lower attaining readers in their first year of school. This dynamic technique will also enable us
to explore the rate at which children pick up the phonics strategy, provide insight into which par-
ticular skill (PA, LSK or decoding) children are struggling with, and whether PA, LSK and/otr DEC
training is most effective at improving the rate at which children are able to apply phonics strategies
to word reading. Since reading outcomes may not have the same “proximal” and “distal” causes in
all poor readers (McArthur & Castles, 2017), the present study will also examine whether children's
phonological awareness and letter-sound knowledge at baseline influence the type of training that
is most beneficial. Ultimately, we aim to inform teachers and education providers about the most
effective strategies to use to support struggling beginner readers.
The research questions to be explored in the proposed research are as follows:

1. Does type of training (PA vs. LSK vs. Decoding) affect post-test performance on a dynamic
decoding task?
Hypothesis: The PA-training group will outperform the LSK-training group and decoding training
group on reading of trained words at post-test (we anticipate that these children will already
be receiving LSK and decoding practice as part of mainstream teaching, but they will not be
receiving PA support).

2. Is any effect of training type on post-test performance on a dynamic decoding task moderated
by pre-test PA or LSK scores?
Hypotheses: 'The advantage of the PA-training group will be moderated by pre-test PA and
LSK. We anticipate that lower initial PA scores will be associated with greater effects of PA
training, and lower initial LSK scores will be associated with greater effects of LSK and
decoding training.

3. Does training type affect performance on standardized tests of phonological awareness and
letter-sound knowledge?
Hypotheses: Type of training will affect post-test performance on YARC Sound Isolation, Sound
Deletion and Letter-Sound Knowledge measures. Specifically, PA training will deliver the greatest
benefit for Sound Isolation and Deletion, whereas LSK training will deliver the greatest benefit for
LSK.

METHODS

Ethics

Our University Ethics Committee has approved this study. All parents gave written informed consent
prior to participation.

Data and material release

This project was pre-registered on the Open Science Framework. All anonymized data collected as part
of this study has been made openly available on the Open Science Framework (OSF). We have also

uploaded materials, such as the word lists, so that interested readers can reproduce the training and as-
sessment programmes (10.17605/OSF.IO/AF56]).
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Pilot study

We have conducted a pilot study in order to validate our methods and guide selection of words for the
present study. In our pilot study, children were randomly assigned to a training group (“decoding” or
“whole word”) or a control group. Children in both training groups received individual reading practice
sessions using the same set of word cards but with condition-specific instructions. This pilot work in-
formed the script used for the current study, using transparent and simple instructions and maintaining
the child's interest by including a picture and standardized sentence after children attempt each word
(see Table 1 for full script). Children in the pilot study appeared to enjoy the sessions and were engaged
with the task. Importantly, this pilot work demonstrated that a short period of training (10 sessions
of 20min) resulted in a large advantage for trained over untrained groups (¢=.74). See Appendix S1:
Section 1 for details of this pilot work. In the main study, we adapt this design to deliver three differ-
ent types of training on the same set of words (LSK: say each letter; PA: isolate, delete and blend the
phonemes; DEC: say the letters and blend the phonemes; see Table 1).

Power analysis

Our pilot study demonstrated that 225 participants were sufficient to detect effects of trained versus
untrained groups on post-test word reading, and to detect an interaction between word type (trained
vs. untrained words) and time (see Appendix S1). We additionally conducted power simulations to gain
sample size estimates for each of our proposed analyses (see analysis section below for R script). All
power simulations gave estimates of fewer than 225 participants to have 90% power for each of our
main effects (alpha <.05). To allow for the same level of attrition observed in our pilot study, we will
recruit 232 children in the main study. See Appendix S2 for details of our power analyses.

Participants

We asked participating teachers to identify children who they consider to be “below average” in their
reading performance, for their class (lowest performing 15 per class; in England, this is approximately
half of the class) and invited parents to give consent for these children to participate (as in our pilot
study; Appendix S1). All children with parental consent who met the study criteria were be invited to
participate. However, we explicitly asked the child whether they would like to participate (using a child-
appropriate form in which they point to one of two pictures to indicate their choice: taking part in our
activities or returning to their classroom). If the child did not actively choose to take part, or if their
response was ambiguous, they were thanked and given a sticker (using the same script and reward as
for participants who completed the session). Children with parental consent who indicated they would
like to take part then completed our screener, and those gaining a standard score of 85 or below were
eligible for the training study (equivalent to the bottom 16% of readers, average ~ 5 per class). Based on
our previous research, we anticipated gaining consent for 4/5 of eligible children, requiring c. 46—47
classes of children from c. 20 schools (many of our partner schools expressed an interest in participating
and so this level of recruitment was realistic). Since the study was completed within a school term, attri-
tion was expected to be low (<3% observed in pilot study). To compensate for missing data due to child
absence or withdrawing of consent, we aimed to recruit 232 eligible participants and expected to retain
225 participants at post-test. This would give 75 participants in each condition: (i) letter-sound knowl-
edge (LSK) training, (ii) phoneme awareness (PA) training and (iii) decoding (DEC) training. Eligible
children were invited to complete our pre-tests and then randomly assigned to a training condition.
We additionally recorded information on English as first language (EAL) and special education needs
(SEN) so that we can note whether these characteristics are distributed equally among our conditions.
However, at age 4—5years, even participants without an assessment of SEN will vary in their speech
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production abilities, which poses a challenge for coding verbal responses. To facilitate coding, we have
avoided words that are most commonly mispronounced by children with speech production difficulties
(e.g., avoiding fricative + liquid clusters such as /sl/; McLeod et al., 2001).

Screening and background measures

York Assessment of Reading for Comprebhension (YARC) Single-Word Reading, Sound Isolation, Sound Deletion and
Letter-Sound Knowledge subtests. Participants completed the single-word reading (SWRT) subtest of the
YARC (Hulme et al., 2009). Children who obtained a standard score of 85 or below on this test then
also completed a battery of pre-tests comprised of the sound isolation, sound deletion and letter-sound
knowledge subtests from the YARC to assess PA and LSK. In the isolation subtest, children are asked
to repeat a word and then isolate a sound from the beginning, or end of the word. Children are awarded
one point for each correct response with a maximum score of 12. In the deletion subtest, the participant
hears a wotd, and is asked to repeat it, dropping a specified phoneme (e.g., ‘without the /b/’). In the
letter-sound knowledge subtest, participants are asked to identify the sound that individual letters make,
providing a measure of LSK. Tests were administered by a trained research assistant in the participants'
school, in a quiet area free from distractions.

Socioeconomic Status and Home Language. Students from lower socioeconomic backgrounds tend to
perform more poorly on school assessments (Education Policy Institute, 2018), and disadvantages in
measures of language have been observed even in pre-school (Roy et al.,, 2014). In addition, children
speaking languages other than English at home typically have lower levels of English Vocabulary and
Grammar (e.g., Babayigit & Shapiro, 2020) potentially causing slower growth in reading. We recorded
home background information using a short questionnaire for parents tapping into parents' level of
education (an indicator of SES most closely related to academic attainments; Ilie et al., 2017) and the
languages spoken at home (Appendix S4). These measures were used to check the distribution of par-
ticipants across conditions and whether participants who reach criterion were broadly representative of
the full sample of screened children. Depending on the range of responses gained, these measures may
be used in an exploratory analysis of the effectiveness of our training for children from different home
backgrounds.

Training protocol and selection of words

Following the completion of screener and pre-tests, participants were randomly allocated to one
of three training conditions. They received 10 training sessions (2 sessions a week for 5weeks) in
addition to their standard classroom teaching, estimated time of 20 min per session. The sessions
were carried out by a trained research assistant who delivered training using the relevant condition-
specific script (see Table 1) and the same word list for each condition (Appendix S3). A matched set
of generalization words was included in our post-tests. The training and generalization words were
selected to ensure that children who meet our screening criteria could not read them independently
from the outset (i.e., we can assume floor performance at pre-test, without having to pre-expose
participants to the words). The words are also age-appropriate in terms of Reception children's vo-
cabulary (Masterson et al., 2010) and contained grapheme—phoneme correspondences (GPCs) that
are taught in Reception. Participants were trained on 10 words from the training set per session. In
each session, two sets of five training words will be used with the sets organized in increasing dif-
ficulty, as determined by number of GPCs and word frequency (training session 1: set A&B, session
2: AB, session 3: BC, 4: BC, 5: AB, 6: AB, 7: BC, 8: BC, 9: AB, 10: BC; Appendix S3). As shown in
the script in Table 1, all conditions presented the graphemes/phonemes within wotds, including the
LSK condition. In the LSK and DEC conditions, the child was shown the printed word, whereas
in the PA condition, they were only presented with the spoken word (no print). Both the PA and
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the DEC conditions trained children on blending phonemes, and in the PA condition, children
were additionally trained to segment sounds within the words (i.e., isolating or deleting phonemes).
Both the LSK and DEC conditions presented the written words, but in the LSK condition children
received no training on blending the sounds. In all conditions, after a word had been attempted, a
picture card was used to create a context, and a standardized sentence read out. Our pilot partici-
pants enjoyed this addition, and it also has the advantage of providing an oral presentation and a
meaningful context for each word (even in the LSK condition, where the child would otherwise not
hear or say the words).

Data collection timeline

Stage 1: Screening. The screening test (SWRT) was administered by a Research Assistant on a one-to-one
basis in a quicet location within the child's school. Arrangements were made with teachers to accommo-
date participants who require extra support (e.g., a teaching assistant present). Children with a standard
score of 85 or below proceeded to stage 2.

Stage 2: Pre-tests. Eligible participants completed our pre-tests with a trained Research Assistant for
approximately 20 min to measure their initial PA and LSK skills.

Stage 3: Training. Participants were randomly allocated to one of the three conditions (PA, L.SK and
DEC). Participants in all conditions completed 10 sessions of training (2 sessions a week for 5weeks;
total participation time was Gweeks, accounting for screening, pre-tests and post-tests). A trained
Research Assistant worked with children individually in a quiet location at school, using the Training
Words list and the relevant training script for each condition (see Table 1). Each Research Assistant was
observed twice over the 10 sessions, to monitor fidelity to the training protocol, following a structured
observation record (adherence to each section of the training script, number of words trained and
length of session time). When in-person observation was not possible (e.g., due to limits on the number
of visitors to a school), this observation was conducted using an audio recording of the session.

Stage 4: Post-test. Following the 5-week training period, participants in all three conditions completed
the post-tests: the YARC sound isolation, sound deletion and LSK subtests (see pre-tests above), plus
an additional dynamic decoding test using the training words plus a matched set of untrained words
(generalization words; see Appendix S3 for details of matching process). Dynamic testing was used as
it was expected that a large number of participants may still not be able to read a majority of the words
independently, resulting in floor effects from a static task. Participants were presented with sample
words from each word list and asked to read them aloud. Responses were scored dynamically, based on
the method outlined by Spector (1992) and implemented by Cunningham and Carroll (2011), among
others. If children could read a word, they were given increasingly explicit prompts to aid word reading
and scored appropriately. Each participant received a scaled score for each word rather than a categorical
‘learned’/not learned’ score in order to give a clearer indication of proficiency in each of the compo-
nent skills of reading (LLSK, blending). The prompts implemented for each word are outlined below;
the skill that each prompt assists with is given in parentheses — note that performance on the dynamic
task will be affected by which skill the child struggles with. If they require prompts for LSK, but have
good blending skills, they will score relatively higher (requiring fewer prompts) than for a child with the
opposite balance of skills. Participants were given an individual score for each word as well as a mean
Word Reading score.

* Prompt 1: [point to first grapheme] “What sound does the first letter in this word make? .... is the
first sound”. (Sk#/: LSK)

* Prompt 2: [point to second grapheme] “What sound does the next letter make? .... is the second
sound”. (Ski/l: L.SK)

* Prompt 3: [point to next/last grapheme] “What sound does the next/last letter make? .... is the next/
last sound”. Continue to prompt for each grapheme up to the final grapheme. (S&z/: LSK)
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e Prompt 4: “Now we're going to put all those sounds together. What do we get if we blend together
[point to each grapheme and say corresponding sounds]?” [Do not give correct answer.] (Skz/:
blending)

* Prompt 5: “What do we get if we blend these sounds together [point to graphemes that form the rime
and say corresponding sounds|? ....is what we get”. (S&i/l: blending)

* Prompt 6: “What do we get if we blend the first sound with the final sounds together?” [Point to letters
and say corresponding sound for the onset and rime. Do not give correct response.] (Ski: blending)

* Prompt 7: [Present picture] “What can you see in this picture?” [Read standardized sentence.] (Ski/:
picture recognition)

Dynamic scores for each word indicate the degree of independence that the child achieved in per-
forming the decoding task (with higher scores reflecting better performance). The task was scored as
follows:

* 7=correct response with no prompts required;

* (= correct response after Prompt 1;

* 5=correct response after Prompt 2;

* 4=correct response after Prompt 3;

* 3 =correct response after Prompt 4;

* 2=correct response after Prompt 5;

* 1 =correct response after Prompt 6;

* (= correct response or no correct response after prompt 7.

Data analysis plan

Data comprised raw scores obtained from standardized and bespoke tasks. We report participant means
and standard deviations for all measures, alongside correlations between all measures.

Manipulation and quality check

We checked (i) the distribution of participants over conditions and (ii) for floor and ceiling effects on
pre- and post-test measures.

Testing hypotheses

Data was analysed using linear mixed effects modelling for each of the conditions to explore the ef-

fects of item-level and participant-level variables on post-training outcomes. Statistical analysis were
performed in R (R Core Team, 2013).

Question 1: Does type of training (PA vs. LSK vs. DEC) affect post-test performance
on a dynamic decoding task?

Data was analysed using the /wer function of the /me4 package (Bates et al.,, 2014) in R (R Core
Team, 2013), with dynamic decoding performance (as measured at post-test) as the dependent variable,
training type (PA vs. LSK vs. decoding) as the fixed effect and item and participant as random effects.

Dynamic decoding ~ 1 + training type + (1] item) + (l| participant)
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Question 2: Is any effect of training (PA vs. LSK vs. DEC) on post-test performance
on a dynamic decoding task moderated by pre-test PA or LSK scores?

In order to explore whether effects of training type differ based on participants' pre-test PA and LSK
scores, we planned a Ime analysis with post-test dynamic decoding score as the dependent variable, pre-
test scores (PA or LSK) as fixed effects and random effects on both participant and item.

Dynamic decoding ~ 1 + trainin ¢* pre — test PA + (1] item) + (1| participant
Y g gtype p P 1%

Dynamic decoding ~ 1 + training type™ pre — test LSK + (1] item) + (1| participant
Yy g gtype p p p

Question 3: Does type of training affect performance on standardized tests of
phonological awareness and letter-sound knowledge?

In order to establish whether there was an effect of type of training on the specific skills that are trained,
we planned two glmer analyses:

Post — test PA ~ 1 + training type™ pre — test PA + (1] item) + (l | participant)
ondition (50%), 36 out of 54 respondents i

Post — test LSK ~ 1 + training type” pre — test LSK + (1] item) + (1 | participant)

Study timeline

Stage 1 report in principle acceptance on 30 December 2020; data collection commenced in April 2021
and was completed in June 2023.

RESULTS
Participant-level descriptive analyses

Teachers from 35 classes across 12 schools sent letters to the parents of 525 children inviting them to
participate in the study (lowest performing 50% of children, per class). We received parent consent to
invite 271 children to participate, and of these, 251 children agreed to take part. Of the 251 children
who completed the screener, 18 children were excluded with screener standard scores above 85. The
remaining 233 participants were eligible for the study and were randomly assigned to conditions. Four
of these children were excluded due to persistent absence and seven children opted out at stage 2 (pre-
tests). The remaining 222 participants completed the phonological awareness (PA) (#=069), the letter-
sound knowledge (I.SK) (#=70), or the decoding (DEC) training (#="77).

One-hundred and seventy-four completed parent questionnaires were returned (174/271), with
5 parents identifying their child as SEN (2 children in PA, 1 in LSK, and 2 in DEC) and 103
parents indicating English as an additional language (EAL); 24 out of the 48 respondents in the
DEC condition (50%), 36 out of 54 respondents in the LSK condition (66.7%) and 27 out of the 46
respondents in the PA condition (58.7%) spoke languages other than English at home. There were
also 16 out of the 26 (61.5%) respondents from the excluded participants who identified English as
an additional language. The most common languages spoken at home were Urdu, Punjabi, Arabic
and Hindko.
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Although 174 questionnaires were completed, many parents omitted the parent education ques-
tion, leaving 118 responses for female caregiver's qualifications and 104 responses for male care-
giver's qualifications. For female caregivers, 16 (13.6%) indicated GCSEs or equivalent, 25 (21.2%)
indicated A-levels or equivalent and 62 (52.5%) indicated a qualification higher than A-level (e.g.,
undergraduate, higher degree, etc.). For male caregivers, 25 (24%) chose GCSEs as the fathet's
highest qualification, 20 (19.2%) chose A-levels, and 36 (34.6%) chose higher than A-levels. For a
full breakdown of the qualifications of the participants' parents by condition, see Tables S3 and S4
in Appendix S5.

Screener and pre-test scores

From this point onwards, we report data for children who completed the training (#=222). For these
children, standardized scores ranged between 69 and 85 (equivalent to a raw score of between 0 and 4
words read correctly), with an average score of 70 (raw score of .38). We must note that SWRT norms are
not available for children under 5 and so the standard score will be an underestimate for many children
(the average age of our sample was 4years and 10 months). Therefore, our sample may include children
reading at, or close to, age-appropriate levels.

The average scote on our pre-tests for these 222 children was 3.59/12 (SD =2.97) for sound isola-
tion; 1.83/12 (SD =1.83) for sound deletion and 20/30 (SD =9.51) for lettet-sound knowledge. A full
breakdown of average scores and standard deviations on pre-test measures by condition can be seen in
Table 2. Floor and ceiling effects were checked for each pre-test measure. In the sound isolation test,
46 (20.7%) participants scored 0 whilst 4 (1.8%) scored the maximum of 12. Sixty-five (29.3%) of the
participants scored 0 on the sound deletion test, and no participants scored the maximum score. Finally,
9 (4.05%) participants scored 0 on the letter-sound knowledge test, whilst 4 (1.80%) participants scored
the maximum of 32.

Distribution of post-test scores

Floor and ceiling effects were checked for each post-test measure. In the sound isolation test, 19 (9%)
participants scored 0 whilst 23 (10%) scored the maximum of 12. Twenty-eight (13%) of the participants
scored 0 on the sound deletion test and no participants scored the maximum score. Finally, one partici-
pant scored 0 on the letter-sound knowledge test, whilst 12 (5%) participants scored the maximum of
32 (a full breakdown of the floor and ceiling effects of pre- and post-test scores by condition is shown
in Tables S5 and S6 in Appendix S5). As shown in Table 2, there was a trend for greater improvement
in sound isolation at post-test for the decoding condition and a trend for greater improvement in letter-
sound knowledge at post-test for the LSK condition. There are no clear trends for sound deletion, and
scores remain low for this measutre even at post-test (average of 4/12). Dynamic decoding was only
completed at post-test. Participants could score between 0 and 7 on each word, and the average score
per word was 2.57 (SD =2.51). Table 2 shows the total scores for dynamic decoding across trained and
untrained words (30 words).

Planned analyses

Two hundred and twenty participants completed the dynamic decoding task and were included in the
following models. The models compare the differential effect of each condition on outcomes and use
sum contrasts to code the conditions (as recommended by Schad et al., 2020). Sum contrasts effectively
compare each condition to the average across all conditions. If the effect of a condition is significant,
then we can interpret this as a differential effect of that condition. If there are no effects of condition,
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TABLE 2 Mean scores (and standard deviations) for pre- and post-test measures by condition.

Sound isolation Sound deletion Letter-sound knowledge =~ Dynamic decoding
Condition  Pre-test Post-test Pre-test Post-test Pre-test Post-test Post-test
PA 373(294) 629 (3.54) 1.87(1.57) 4.04(2.73) 20.55(9.83) 26.41 (6.52)  81.10 (45.60)
LSK 3.63(3.04) 6.08(376) 179 (1.85) 412 (2.77) 19.88 (9.17)  27.20 (5.37)  72.40 (53.10)
DEC 3.44(294) 681 (3.40) 1.83(2.04) 4.05(2.51) 19.56 (9.62)  26.36 (5.08)  75.50 (46.60)

Note: Maximum possible score on sound isolation and sound deletion tasks was 12. Maximum score on letter-sound knowledge test was 32.
Maximum score on dynamic decoding was 210 (30 words, each scored 0-7).

then this would indicate that scores were similar across the three types of training. Fixed effect variables
and interactions were added in a stepwise manner and compared to the last significant model. Each sub-
sequent model was accepted if it led to a significant improvement in fit (as determined by a chi-square
test). Our R script and all output are included in Appendix S6.

Question 1: Does training type (condition) affect post-test performance on a dynamic
decoding task?

A model was fitted with dynamic reading as the outcome and condition as a fixed effect. The ImerTest
package was used to obtain p-values, and the ANOVA function was used to compare the model to the
below null model (see Appendix S6 for the full script and output for all analyses):

Imer(formula = Score ~ 1 + (1| ItemNumber) + (1| ParticipantNumber)

As shown in Table 3 there were no effects of condition on dynamic reading score (and the model was
not significantly better than the null model; non-significant chi-square). For this planned analysis, the
total dynamic reading score for trained and untrained words was used (as reported in Table 2). In our
exploratory analysis section, we compare the effects of trained versus untrained words.

Question 2: Is any effect of training (PA vs. LSK vs. decoding) on post-test
performance on a dynamic decoding task moderated by pre-test PA or LSK scores?

To explore whether pre-test scores on the PA and LLSK tasks had any effect on the condition effects
on dynamic reading scores, a series of models was fitted with dynamic decoding score as the out-
come. Our analysis plan did not specify whether sound isolation and sound deletion scores would
be combined or kept as separate measures of PA. We decided the safer option was to maintain these
subtests as separate measures to avoid effects being missed due to floor performance on sound dele-
tion or ceiling performance on sound isolation. We therefore built three models to investigate this
question:

Dynamic decoding ~ 1 + training type” pre — test SoundlIsolation + (1| item) + (1| participant)

Dynamic decoding ~ 1 + training type” pre — test SoundDeletion + (1] item) + (1| participant)

Dynamic decoding ~ 1 + training type” pre — test LSK + (1] item) + (1 | participant)

851807 SUOWIWIOD 311D 3(dedtjdde auy Aq peusenob ake sjoiie YO ‘8sN JO S9|nJ 1o A%Iq1T 3UIJUO AB]IA UO (SUORIPLIOD-PUR-SLLBY WD A3 1M AReiq)1BUTUO//SdNY) SUORIPUOD pue SWie | 8Ly 88S *[£202/TT/c2] Uo ARiqITauliuo AB|IM 8oL A Ty92T del/TTTT 0T/I0p/woo A8 AReiq1puljuo'gnuoAsdsday/:sdny wioly papeojumod ‘0 ‘6287702



ADDITIONAL TRAINING FOR BEGINNER READERS | 15 of 24

TABLE 3 Model testing the effect of condition on dynamic reading scores.

Fixed effects Estimate St. Error t-Value p-Value X
PA 191 157 1.22 225 1.55
LSK —.130 153 —.846 .398 1.55
DEC —.0061 152 —.402 .688 1.55
Random effects Name Variance SD

Participant number (Intercept) 2.51 1.58

Item number (Intercept) .85 92

Residual 2.96 1.72

Table 4 presents the results from all three planned models. We found that pre-test scores of sound
isolation and letter-sound knowledge significantly predicted dynamic reading scores. This is in line
with expectations: children who scored more highly on these pre-tests went on to score more highly
on dynamic reading. It is interesting to note that this effect was not significant for sound deletion, sug-
gesting that this measure may not have been sensitive for low attaining beginner readers (supported by
our earlier observation of floor effects). However, none of the pre-test measures significantly interacted
with condition to predict dynamic reading.

Question 3: Does type of training affect performance on standardized tests of
phonological awareness and letter-sound knowledge?

For our final question, the model we used deviated slightly from the original model outlined in the analysis
plan. We originally proposed a model with post-test score as the outcome and pre-test scores as the fixed ef-
fects. However, before conducting our analyses we realized that this was not the most appropriate model as
we had the same measures at pre- and post-test. We therefore had the potential to test whether the increase
was greater for some conditions over others. Therefore, instead of the planned models, three models were
fitted with each standardized test as the outcome and condition and time as fixed effects.

SoundIsolationScore ~ 1 + Condition*Time + (1| item) + (1 | participant)
SoundDeletionScore ~ 1 + Condition*Time + (1] item) + (1| participant)
LSKScore ~ 1 + Condition™Time + (1| item) + (1| participant)

The results for each of these models are summarized separately for each outcome (Tables 5-7).
First, note that there was a significant effect of time for all three models. When sound isolation was the
outcome, no significant effects of condition were found although the effect of DEC on sound isolation
was approaching significance. There was also a significant interaction between the decoding condition
and time. This is in line with the pattern highlighted earlier for greater improvement in sound isolation
scores for the DEC condition. This pattern is depicted in Figure 1. For the sound deletion model, no
significant effects of condition or interactions between condition and time were found (Table 6). For
the model with letter-sound knowledge score as the dependent variable (Table 7), there was a significant
interaction between the LSK condition and time at p <.05. However, note that the letter-sound knowl-
edge model was not significant overall. Results for all planned analyses are included in the tables below,
including non-significant models.
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TABLE 4 Summary of models testing effects of pre-test scores and condition on dynamic reading scores.

Fixed effects Estimate St. Error t-value p-value }(2

PA 142 132 1.07 .285 1.77
LSK —.150 130 —1.16 .249 1.77
DEC .008 128 .063 950 1.77
Prelsolation 149 .033 4.50 <.001 40.0%%*
PreDeletion .070 .065 1.07 .286 1.17
Pre.SK .072 .010 6.96 <.001 44 4xx%
PA: Prelsolation —.021 .045 —.468 .640 3.14
LSK: Prelsolation .074 .044 1.69 .093 3.14
DEC: Prelsolation —.053 .044 -1.21 229 3.14
PA: PreDeletion —.105 .083 =il.27 207 2.75
LSK: PreDeletion 112 .075 1.49 137 2.75
DEC: PreDeletion —.007 .080 —.084 933 2.75
PA: PrelL.SK —-.010 .014 —.742 459 .806
LSK: Pre.SK —.000 .014 —-.015 988 .806
DEC: Prel.SK .010 .014 771 A41 .806
Random effects Name Variance SD

Participant number (Intercept) 1.69 1.30

Item Number (Intercept) .81 .899

Residual 2.94 1.71

Note: *p< 05; #p= 01; %< 001.
Exploratory analyses

Our original analysis plan did not specify models to test the effect of trained versus untrained words
on the dynamic reading task. The inclusion of untrained words was an important design feature which
allows us to test the potential of each type of training to generalize to new words. We therefore cre-
ated models to investigate whether word type (trained vs. new) influenced dynamic reading score, and
whether the effect of condition varied for each word type.

Dynamic decoding ~ 1 + Condition + WordType + (1| ItemNumber) + (1 | ParticipantNumber)
Dynamic decoding ~ 1 + Condition*WordType + (1| ItemNumber) + (l| ParticipantNumber)

As shown in Table 8, a significant effect of word type was found. As shown in Figure 2, participants
performed more highly for trained than untrained words, as expected. Importantly, there was also an
interaction between word type and condition on dynamic reading score. This interaction was significant
for all three conditions, suggesting that word type interacted differently with each condition in driving
decoding outcomes. As shown in Figure 2 and Table 8, the advantage for trained words was greater for
the PA and DEC conditions. In contrast, there was a smaller difference between trained and untrained
words for the LLSK condition. It is important to note that Figure 2 does not show an advantage for the
LSK condition and that no significant condition effects were found on decoding performance in our
first planned analysis. Instead, there is a trend for participants in the LLSK condition to perform more
poorly than the other two conditions on trained words, with the highest scores observed for the PA
condition. All three conditions show similar scores for the untrained words, with a slight trend for lower
performance for the decoding condition.

851807 SUOWIWIOD 311D 3(dedtjdde auy Aq peusenob ake sjoiie YO ‘8sN JO S9|nJ 1o A%Iq1T 3UIJUO AB]IA UO (SUORIPLIOD-PUR-SLLBY WD A3 1M AReiq)1BUTUO//SdNY) SUORIPUOD pue SWie | 8Ly 88S *[£202/TT/c2] Uo ARiqITauliuo AB|IM 8oL A Ty92T del/TTTT 0T/I0p/woo A8 AReiq1puljuo'gnuoAsdsday/:sdny wioly papeojumod ‘0 ‘6287702



ADDITIONAL TRAINING FOR BEGINNER READERS | 17 of 24

TABLE 5 Summary of models testing condition effects on sound isolation scores.

Fixed effects Estimate St. Error z-Value p-Value X

PA .281 226 1.24 214 76
LSK 149 222 .670 .503 .76
DEC —.429 223 -1.92 .055 76
Time 1.56 079 19.8 <.001 435%%
PA: Time —.101 108 —1.49 136 9.71%*
LSK: Time —174 106 —1.64 101 ONUIR
DEC: Time .336 108 3.12 <.01 9.71%%
Random effects Name Variance SD

Participant number (Intercept) 2.10 1.45

Item number (Intercept) 1.19 1.09

Note: *p=.05; ¥*p=.01; **¥p < .001.

TABLE 6 Summary of models testing the effects of condition on sound deletion scores.

Fixed effects Estimate St. Error z-value p-Value ;{2
PA .068 139 488 .626 224
LSK —.025 136 —.186 .853 224
DEC —.042 134 -.315 753 224
Time 1.44 .091 15.8 <.001 269%+*
PA: Time —-.113 126 902 367 923
LSK: Time .020 124 158 .874 .923
DEC: Time .094 122 g7 441 923
Random effects Name Variance SD

Participant number (Intercept) 1.62 1.27

Item number (Intercept) 2.88 1.70

Note: *p < .05; *4p=<_01; %< 001,

TABLE 7 Summary of models testing the effects of condition on letter-sound knowledge scores.

Fixed effects Estimate St. Error z-Value p-Value )f
PA 108 182 .595 .552 43
LSK .015 177 .087 931 43
DEC —.124 176 -.702 483 43
Time 1.87 .065 29.0 <.001 V86 0a
PA: Time —.114 .088 -1.30 194 5.09
LSK: Time 196 .086 2.27 <.05 5.09
DEC: Time —.082 .0831 —.984 325 5.09
Random effects Name Variance SD

Participant number (Intercept) 3.27 1.81

Item number (Intercept) 2.94 1.72

Note: #p < .05; 5= 01; 55 < 001,

851807 SUOWIWIOD 311D 3(dedtjdde auy Aq peusenob ake sjoiie YO ‘8sN JO S9|nJ 1o A%Iq1T 3UIJUO AB]IA UO (SUORIPLIOD-PUR-SLLBY WD A3 1M AReiq)1BUTUO//SdNY) SUORIPUOD pue SWie | 8Ly 88S *[£202/TT/c2] Uo ARiqITauliuo AB|IM 8oL A Ty92T del/TTTT 0T/I0p/woo A8 AReiq1puljuo'gnuoAsdsday/:sdny wioly papeojumod ‘0 ‘6287702



18 of 24 WEBBER ET AL.

Piratelplot showing effects of condition and time tested on Sound Isolation Score
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FIGURE 1 Graph illustrating the interaction between condition and time on sound isolation scores.

TABLE 8 Summary of models testing the effect of word type and condition on dynamic reading score.

Fixed effects Estimate St. Error t-value p-Value )(Z

PA 191 157 1.22 225 1.55
LSK —-.130 157 —.846 .398 1.55
DEC —.0612 152 —.402 .689 1.55
WordType —1.05 283 —3.70 <.001 e
PA: WordType —.168 .061 —2.77 <.01 43 28k
LSK: WordType .388 .059 6.54 <.001 43208
DEC: WordType —.221 .059 —3.74 <.01 43208
Random effects Name Variance SD

Participant number (Intercept) 2.51 1.58

Item number (Intercept) .59 77

Residual 2.94 1.71

Note: *p<.05; +p =< 01; **4p < 001,

DISCUSSION

The current study aimed to identify the relative benefits of training each specific element of the decoding
process through three carefully matched conditions using the same set of stimuli. In the PA training, par-
ticipants were asked to segment and then blend the phonemes of the stimuli without ever seeing the words.
In the LLSK condition, participants saw each word but did not produce the blended form. Instead, they were
asked to say the phoneme corresponding to each grapheme within the word. Finally, the DEC condition
included both blending (as in the PA condition) and the written form (as in the LSK condition). Our study
focused on the differential impact of each type of training, comparing these three conditions to each other,
rather than to a control condition. Our pilot data (Appendix S1) already demonstrated a clear advantage of
similar types of training over an untreated control which justified our current focus on whether there were
any differences between the experimental conditions. Our study is the first to experimentally break down
the components of the decoding process and compare the effect of training blending, letter sounds or both
on decoding outcomes (see Castles et al., 2009, for a similar approach to training letter-sound knowledge).
We found no differences between the conditions on our reading outcome task (dynamic reading).
However, we did find that participants from the DEC condition showed greater improvement on the
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Piratelplot showing effects of word type and condition on Dynamic Reading Score
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FIGURE 2  Graph illustrating the effect of word type on dynamic reading by condition.

sound isolation subtest when compared with participants from the other training conditions. This is in
line with expectations that including blending as part of the training would be beneficial for phonemic
awareness. However, it is surprising that this advantage was not also observed for the PA condition
and suggests that the presence of the written form, alongside blending training, was beneficial for chil-
dren's development of phonological awareness. Although print has been assumed to be beneficial when
learning phonological awareness (e.g., National Reading Panel (US), 2000), this has not previously been
tested using carefully matched conditions. There was also a trend for greater improvement for partici-
pants in the LSK condition on the letter-sound knowledge test. Again, this is in line with expectations
that the condition targeting letter-sound knowledge should lead to the greatest improvement in this
skill, although it is important to emphasize that this was not a significant pattern.

As expected, children's pre-test scores (on sound isolation and letter-sound knowledge) were positively
predictive of performance on our outcome reading test (dynamic reading) but did not significantly inter-
act with any of the conditions suggesting there was no differential effect of condition based on children's
pre-test scores. Additionally, our exploratory analyses showed a significant effect of word type such that
participants performed significantly better with trained words on the dynamic reading test versus un-
trained words. This is in line with expectations that training would have the greatest impact on the words
included within the training sessions. Condition also significantly interacted with word type such that the
advantage for trained words was greatest for the two conditions that included blending (PA and DEC) and
smallest for the LSK condition. One interpretation is that training on blending is less likely to generalize to
new words than training on letter sounds. Importantly, there was no overall effect of condition on reading
outcome, so this interaction does not suggest that the LSK condition was most beneficial overall. It also
does not mean that there was no generalization for the PA and DEC conditions, only that there was a
greater advantage for trained words, for these conditions. Given that reading scores were close to floor at
the beginning of the study, any success in reading untrained words is positive. Especially considering the
difficulty of the words used in the dynamic reading task (selected specifically to avoid words taught in class;
see Appendix S3). Below, we discuss the implications of our findings from each question in turn.

Question 1: Does type of training (PA vs. LSK vs. DEC) affect post-test
performance on a dynamic decoding task?

Our key finding is that there was no significant effect of condition on performance on the dynamic de-
coding post-test, meaning that all three training types performed similarly and that training one specific
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element of the decoding process did not prove to be more advantageous than another for decoding out-
comes. On one level, this finding appears in line with Pfost et al. (2019) who found that an intervention
which trained both letter knowledge and phonological awareness improved those respective skills but not
overall word reading. However, our interpretation differs for two reasons. First, we worked with begin-
ner readers who mostly scored at floor on a standardized test of reading at the beginning of the study,
so we did not attempt to measure improvement in word reading. Instead, we assume that word reading
must have improved since participants scored above floor on the dynamic reading task at the end of the
study. Second, we focus on the difference between the three conditions, each of which target one or more
elements of the decoding process. We conclude that there was not a differential effect of condition on
decoding outcomes and instead training on any part of the decoding process is likely to be beneficial.
Nevertheless, it is important to consider that our outcome measure may not have been sensitive enough to
reveal effects of condition. A dynamic task certainly had advantages over static measures (Spector, 1992)
by avoiding floor effects by providing successive prompts to success. However, it inevitably remained a
difficult task and our participants required prompting for many items (approximately half of all responses
required a prompt), and even with prompts, scores of zero were achieved (31% of all responses resulted in
a score of zero). Teachers also commented that the words we used did not follow the consonant—vowel—
consonant (CVC) structure that is often taught in reception. The words used in the current study were
chosen so that they could be decoded using grapheme—phoneme correspondences taught during the first
year of school but avoiding words that had been explicitly taught in class. The sensitivity of this task could
have been improved using a larger range of words, perhaps including nonwords with a CVC structure, or
by using simpler real words alongside a way to factor in their familiarity level in our analysis.

Another possible reason for the lack of a condition effect is that our training was relatively short.
Most of the studies discussed previously used interventions lasting many months compared to our train-
ing which consisted of 10 sessions over 5weeks. The current training study may not have been extensive
enough to judge differential effects of the conditions on the participants' reading.

Question 2: Is any effect of training type on post-test performance on a
dynamic decoding task moderated by pre-test PA or LSK scores?

Pre-test performance on the sound isolation and letter-sound knowledge test significantly predicted
post-test dynamic decoding performance, in line with expectations that these are crucial underlying
skills driving reading development (Hatcher et al., 2004; Hulme et al., 2012; Shapiro et al., 2013). We
found no significant effect of pre-test sound deletion score, perhaps due to this task being relatively
difficult for the children, compared with our other pre-tests. We found no interactions between these
pre-test scores and condition on decoding outcomes, suggesting that pre-test PA and LSK scores did not
moderate the effect of condition on decoding outcomes. This is surprising since we would expect that
targeted training would be most beneficial, for example, a child struggling with LLSK would benefit the
most from LSK training. However, as highlighted by Carroll et al. (2016) pre-reading skills are heav-
ily intercorrelated and so identifying one specific weakness may not be feasible for beginner readers.
Instead, it is likely to be more important that training directly targets the crucial components of the skill
the children are aiming to achieve. In our study, each training condition addressed one or more crucial
component of the decoding process, and these were found to be equally beneficial for all children, re-
gardless of their initial pre-test performance.

Question 3: Does training type affect performance on standardized tests of
phonological awareness and letter-sound knowledge?

Contrary to our predictions, it was the DEC condition which delivered the greatest benefit on the sound
isolation test, rather than the PA condition. This is consistent with Hatcher et al. (2004)'s finding that a
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phonological awareness intervention paired with reading was beneficial for overall phonological aware-
ness. However, our study was the first to make a direct comparison across matched training conditions.
Our findings can be interpreted in line with two key theories. First, that there is a reciprocal relation-
ship between phonological awareness and letter knowledge (e.g., Cunningham et al., 2021), whereby as
letter knowledge develops, this leads to improved phonological awareness and vice versa. Although all
training conditions included at least one of these components, only DEC included both. This finding
contributes to the evidence base supporting interventions that include both blending and letter knowl-
edge (e.g., Bowyer-Crane et al., 2008; Hulme et al., 2012).

Our findings are also consistent with theories that orthographic cues are helpful to solve phonologi-
cal awareness tasks. In the DEC condition, participants had access to the printed words while practicing
their blending skills, unlike participants in the PA condition. Although the words used in the sound
isolation test were different from the words they were trained on, their practice in blending with printed
cues may have helped them to use a similar strategy of visualizing the letters when completing the sound
isolation task (Deacon et al., 2018). Magnan and Ecalle (20006) also found that a letter-sound mapping
intervention improved phonological awareness in dyslexic children, consistent with this interpretation.
It is important to note that we only found a condition effect on sound isolation. There were no condition
effects on the performance of sound deletion, potentially because of the higher levels of floor perfor-
mance. Muter et al. (2004) also found poor performance on phoneme deletion for children of the same
age range, and Carroll et al. (2003) suggest that the phoneme deletion task requires a level of explicit
phoneme awareness which reception-aged children may not have developed yet.

We also found a trend for a condition effect on letter-sound knowledge. Although our model was
not significant, this pattern is in line with expectations that the training that most closely matches the
outcome is most effective.

Exploratory analysis: Does word type affect performance on the post-test
dynamic decoding task? Does word type affect the condition effects on the
post-test dynamic decoding task?

As expected, our participants performed significantly better on trained words than untrained words.
This is reassuring in that it demonstrates that our training had the expected impact. It was interesting to
see that word type had a different effect for each of the training conditions. In particular, the two con-
ditions which included blending (PA and DEC) showed a greater advantage for trained over untrained
words. The LSK condition showed a significantly smaller advantage for trained over untrained words,
perhaps because the participants did not benefit from exposure to the blended form of the word during
training. It is interesting that dynamic reading performance was at least as great for the PA condition as
the DEC condition, even though children in the PA condition were seeing the printed word for the first
time when completing the dynamic decoding outcome task. Overall, this pattern suggests that familiar-
ity with the blended form of the spoken word is helpful when decoding that word from print, consistent
with theories of semantic involvement in word reading (Ricketts et al., 2016). This finding also high-
lights the importance of carefully choosing items to use in training sessions, because the benefit of the
training will be strongest for these particular words.

Limitations

A key limitation of the current study was the lack of a baseline dynamic decoding score. Even though
children would be expected to score at floor for a static task, we may have gained above-floor dynamic
reading scores, and this would have increased the power of our analyses. However, the disadvantage of
using a dynamic task at the beginning of the study would be to make the training conditions less clearly
distinct (i.e., all participants would then have seen the word in print and heard the blended form). This
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may have been less of a problem with a more extended training period, and an increased gap between
pre- and post-tests. Another limiting factor of our study was the lack of a control group. Including a
control group would have provided a baseline with which we could compare the results of each training
type, potentially revealing clearer effects of each condition.

Implications for education

We have highlighted the benefit of training that targets key components of the decoding process.
Although targeting any of these components is likely to be beneficial, the clearest benefit was for
the conditions that included training on blending, and in particular for the condition that included
both blending and access to the written form of the word. This type of training has the advantage
of familiarizing children with both the written and spoken forms of words and can also be readily
combined with direct teaching of vocabulary teaching. Although our training was not designed to
teach vocabulary, we included a sentence and picture context to make the training more interesting
for the children. They appeared to enjoy this aspect and readily recalled the context of the words dur-
ing the outcome tasks, even though this information was not asked for. Selecting words that children
are likely to encounter, whilst also targeting those they may struggle with is key to the success of this
approach. A valuable tool in selecting words is the “three tiers” framework for vocabulary teaching
(Beck et al., 2013). Children would most likely benefit from targeted teaching of “tier 2” words (such
as prefer, explore, special). Delivering individualized decoding training using words that are most useful
for children's oral and written language comprehension would be expected to have dual benefits on
reading and vocabulary outcomes.

CONCLUSION

We compared the effects of three training conditions developed to target one or more components of
the decoding process. Low attaining readers were selected for the study and children in all conditions
improved in their phonological awareness and letter knowledge, and using a dynamic reading task, were
able to decode more complex words than expected for their age. Although the differences between
conditions were small, there was a pattern for the conditions that included blending skills to be more
beneficial, particularly when decoding words that had been included in training. Future research is
needed to develop this approach further and investigate the effectiveness of a programme of training on
blending skills combined with direct vocabulary instruction for struggling beginner readers.
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