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Practitioner notes

What is already known about this topic

Well-designed computer or app-based instruction has a number of potential benefits
(e.g., increasing accessibility and feasibility of high-quality instruction, reducing time
and resources required for training expert delivery, saving instructional time).
Implementation can still affect outcomes when using educational technology, and
without follow-up support after training, implementation of educational interventions
is often poor and outcomes reduced.

The extent to which this is the case when the core element of an intervention is
computer or app-delivered is not yet clear.

What this paper adds

We found that providing implementation support for teachers and teaching assistants
delivering Headsprout Early Reading (HER; an early reading programme accessible
via a computer or an app) did not affect the reading outcomes of learners.

We also found the implementation support did not affect delivery of the core, app-
delivered element of the programme.

However, there were notable differences in implementation of other aspects of the
programme, particularly in relation to the role of the teacher or educational
practitioner in managing the interplay between the app-based learning and teacher
intervention for learners who require further support.

Implications for practice and/or policy

These findings have implications for providing access to high quality instruction in
early reading skills at scale, with minimal training.

More broadly, the current study suggests that well-designed computer or app-based
instruction can yield positive outcomes with minimal implementation support and
training.

However, the findings of this study identify some potential risk of an over-reliance on
technology to facilitate the learning of all learners accessing the programme.

Further research is required to ensure the interplay between learners’ app-based
learning and teacher intervention functions as intended to provide additional support
for those who need it.



Online early reading programme implementation

Abstract

Well-designed computer or app-based instruction has a number of potential benefits (e.g.,
increasing accessibility and feasibility of high-quality instruction, reducing time and
resources required for training expert delivery, saving instructional time). However, variation
in implementation can still affect outcomes when using educational technology. Research
generally suggests that without follow-up support after training, implementation of
educational interventions is often poor and outcomes reduced. However, the extent to which
this is the case when the core element of an intervention is computer or app-delivered is not
yet clear. This study investigated the effects of providing ongoing implementation support for
Headsprout Early Reading (HER, an early reading programme accessible via a computer or
an app), to determine whether such support leads to better outcomes. Twenty-two primary
schools (269 learners) participated in a cluster-randomised controlled trial. Eleven schools
received initial training followed by ongoing support across the school year, whereas the
other 11 schools received initial training and technical support only. Pre and post-measures of
reading skills were conducted using the York Assessment of Reading for Comprehension.
We found no effect of implementation support on outcomes, and no effect of implementation
support on delivery of the core element of HER. However, there were some effects of
implementation support on the implementation of other HER elements relating to the
responsiveness of educators to learners’ learning within HER. These findings have
implications for providing access to high quality online instruction in early reading skills at
scale, with minimal training. More broadly, the current study suggests that well-designed
computer or app-based instruction can yield positive outcomes with minimal implementation
support and training. However, further research is required to ensure the interplay between
learners’ app-based learning and teacher intervention functions as intended to provide

additional support for those who need it.
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Considerable evidence supports the use of explicit, systematic phonics instruction for
beginning readers (e.g., Rose, 2006; Rose, 2009; National Reading Panel, 2000; Coyne et al.,
2004). Despite some inconsistent effects of computer-based instruction (Higgins, Xiao &
Katsipataki, 2012), research generally indicates positive effects of computer-based phonics
instruction on reading skills (e.g., National Reading Panel, 2000; Blok, Oostdam, Otter &
Overmaat, 2002; Huffstetter et al., 2010; Twyman et al., 2011; Storey, McDowell & Leslie,
2017; Cheung & Slavin, 2012; Abrami, Lysenko & Borokhovski, 2020).

A key challenge in the evaluation of computer-based instruction and educational
technologies is that the component parts may differ considerably in terms of the quality and
appropriateness of the interface and aesthetic, the content and specific skills targeted, and the
instructional design (Bishop & Santoro, 2006), bringing into question the validity and
usefulness of combined comparisons of the effects. However, well-designed computer-based
instruction has a number of potential benefits, including increasing the accessibility and
feasibility of high-quality instruction, reducing the time and resources required for training
expert delivery, and saving instructional time (Kulik & Kulik, 1991; Pennington, 2010). If
they can be harnessed, these benefits have considerable implications for greater equity in
education for disadvantaged learners and those with special educational needs internationally.
Such learners have been disproportionately impacted by the Covid-19 pandemic (Twist,
Jones, & Treleaven, 2022; Theis et al., 2021). However, there is now a significant
opportunity to learn from the use and experiences of educational technology during the
pandemic, and to focus our research efforts on how educational technology can be used to
help address locally and globally relevant issues faced in practice (Kerres & Buchner, 2022).
Implementation conditions and outcomes of educational interventions
Despite evidence of the effects of many educational interventions, less experimental research

focuses on the implementation conditions that affect the outcomes experienced by learners.
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An important consideration in achieving and maintaining good implementation of evidence-
based practices is the extent to which follow-up support is provided (Kretlow &
Bartholomew, 2010). Training in evidence-based practices is necessary to disseminate new
practices, and effective training to enhance educators’ self-efficacy is a factor found to affect
implementation and learner outcomes (Durlak & Dupre, 2008). However, when subsequently
implementing new practices in situ, teachers often report challenges relating to having
sufficient depth of understanding of the new practice, remembering how to implement the
practice effectively, and the reality of using the new practice alongside many other practices
(Klingner, Vaughn, Hughes & Arguelles, 1999). Research indicates that training and some
form of performance feedback or coaching significantly affects the implementation of
educational practices, improving the likelihood of higher levels of implementation fidelity
and leading to better outcomes (e.g., Buzhardt, Greenwood, Abbott & Tapia, 2006; Yoon,
Duncan, Lee, Scarloss & Shapley, 2007; Klingner, Vaughn, Hughes & Arguelles, 1999;
McCollum, Hemmeter & Hsieh, 2011; Elish-Piper & L’Allier, 2011; Neufeld & Roper, 2003;
Schechter et al., 2017; Owen et al., 2021) and also sustained implementation (e.g., Kretlow,
Wood & Cooke, 2011; and Kretlow, Cooke & Wood, 2012; Klingner, Vaughn, Hughes &

Arguelles, 1999).

In a review of 13 studies, Kretlow and Bartholomew (2010) investigated the impact of
coaching teachers (including both trainees and qualified teachers) on the implementation of
evidence-based practices, concluding that there is strong evidence for the effectiveness of
coaching approaches in improving implementation. Of the studies reporting student
outcomes, these were found to be positively influenced by coaching and improved
implementation. Most studies included an initial training session, followed by either
supervisory coaching (whereby teachers were observed and provided with face-to-face

feedback), or side-by-side coaching (whereby teachers were observed, provided with face-to-
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face feedback, and asked to observe a model session delivered by the coach), or a
combination of both methods. Both methods also typically included follow-up observations
and further feedback. Such coaching allows for individualized follow-up support to be
provided, as well as opportunities to model correct implementation and to reinforce
appropriate implementation in situ (Joyce & Showers, 1995; Blakely, 2001).

As an example, Owen et al., (2021) investigated the effects of training plus ongoing
implementation support on the fluency outcomes of learners receiving a maths fluency
intervention. In a cluster-randomised controlled trial, 64 schools were randomly allocated to
either receive initial training plus ongoing support (n=33; 294 learners) or initial training and
no ongoing support (n=31; 281 learners). Ongoing support included three 1-hour visits,
which were individualised depending on the support needs of the school, but typically
included modelling, direct feedback, and troubleshooting implementation issues related to the
learner or school. No support included initial training and email access to queries not related
to implementation of the intervention. Results indicated that learners in the ongoing support
arm of the trial demonstrated greater gains in fluency in the targeted maths skills.
Implementation of educational technology applications
Even though computer and app-based delivery methods might be considered to be all that is
needed for intervention, the way in which a programme is implemented has still been found
to affect outcomes when using educational technology (Savage et al., 2010; Savage et al.,
2013; Abrami, Lysenko & Borokhovski, 2020). In a meta-analysis of 84 studies investigating
the effects of educational technology applications on reading outcomes for pupils (age 4-
18years), Cheung and Slavin (2012) found significant differences in reading outcomes
according to levels of implementation as reported within each study, with no effects seen
when implementation levels were rated as low, and significant positive effects seen when

implementation levels were rated as medium or high. Their findings also indicated some
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evidence that programmes including a combination of technology-based and non-technology-
based components might yield better outcomes, suggesting the role of the educator remains
important in the effective use of educational technology.

Further, Outhwaite, Gulliford and Pitchford (2019) found that having a well-
established routine (e.g., consistent timetabling of the intervention, dedicated classroom
space, and a dedicated staff member responsible for implementation) was strongly correlated
with learning outcomes following a 12-week maths app intervention, with such routine
enabling more progress over time, and accounting for 41% of the variance in learning
outcomes. Convergent findings were reported by Gulliford, Walton, Allison and Pitchford
(2021) in a study combining qualitative data from two evaluations of a maths app
intervention. Both the features of the app (e.g., accessibility, instructional demand, task
structure, curriculum links) and child factors (e.g., language proficiency, attention,
motivaton) were reported to be important factors in the outcomes for learners using the app.
However, learning environment factors (e.g., the physical learning environment and
implementation) and facilitator factors (e.g., the provision of pedagogical facilitation and
further support) were also considered crucial. Gulliford et al., (2021) therefore also highlight
the importance of the educator’s role in ensuring an appropriate level of challenge and
support to optimise the success of educational technology.

Headsprout Early Reading

Headsprout Early Reading is a computer-based, systematic phonics programme, including
instruction in phonemic awareness, print awareness, phonics, segmenting and blending, and
reading with comprehension (Layng, Twyman & Stikeleather, 2003;

https://www.headsprout.com). HER utilises highly effective instructional principles

(employed in Direct Instruction; Schieffer et al., 2002; Kinder, Kubina & Marchand-

Martella., 2005), including teaching consistent elements before exceptions, basic strategies to
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mastery, and easy skills prior to more difficult skills. HER begins with highly stable phonetic
elements: the first 33 elements introduced are regular in more than 85% of the words in
which they appear. Fluency practice then allows for mastery of decoding strategies before
introducing less stable elements. HER also employs sophisticated adaptive learning
technology—instruction adapts to individual responses, providing additional instruction or
practice, and high levels of response and feedback. HER includes the key instructional
features reportedly found in effective computer-based instruction, including practice
opportunities, self-correction and immediate corrective feedback, teacher-directed instruction,
and contingencies for enhancing learner motivation and engagement, including those within
the programme (such as frequent positive feedback, presentation of short cartoon sequences
between tasks, visual progress maps, and additional reward strategies that can be
implemented), and contingencies external to the programme (e.g., being able to read a story
using newly acquired skills after only 5 lessons) (Kim, McKenna & Park, 2017; Layng et al.,
2003).

In addition to empirically informed development (Layng et al., 2003), there is
evidence suggesting HER can help improve reading skills, including typically developing
children (Tyler et al., 2015a, Huffstetter et al., 2010; Twyman et al., 2011; Storey, McDowell
& Leslie, 2017) children with ADHD (Clarfield & Stoner, 2005), and children with
intellectual disabilities and/or autism (Roberts-Tyler et al., 2019; Grindle et al., 2013, 2021;
Tyler et al., 2015b; Whitcomb et al., 2011).

The current literature generally suggests that without follow-up support after training,
implementation of educational interventions is often poor and outcomes reduced (e.g.,
Mortenson & Witt, 1998; Kretlow & Bartholomew, 2010; Elish-Piper & L’Allier, 2010).
However, there are relatively few studies investigating the extent to which this is the case for

programmes in which the core element of the intervention is automated and provided via a
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computer or app-based programme using experimental designs. Further, there is a paucity of
research employing robust designs to directly investigate the effects of implementation
support on outcomes of educational interventions more generally.

The main aim of the current study was to examine the effects of providing ongoing
implementation support for Headsprout Early Reading compared to initial training alone on
reading outcomes for children. The associated main research question was: Does ongoing
implementation support lead to better reading outcomes for learners enrolled in an online
reading programme compared to initial training alone?

The exploratory aims of the study were to investigate: a) whether ongoing
implementation support leads to better implementation of HER; b) whether there were any
associations between process measures and our primary outcome measure.

Method
Schools and learners
School recruitment.

Twenty-two primary schools across four counties in North Wales were recruited to
participate in this study. Both English medium and Welsh medium schools were invited to
participate; 15 participating schools were English medium, and 7 were Welsh medium. In
collaboration with GWE (the regional school improvement service), all primary schools in
North Wales were provided with information about the study, and information sessions were
arranged for schools who registered an interest. This provided an opportunity to access HER,
discuss how it might work in their schools (e.g., how it might work alongside other reading
programmes), and discuss the requirements of the project (e.g., direct cost, and information
technology and staffing resources). None of the participating schools had previously used

HER.
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In addition to providing information sessions, the project was specifically designed to
appeal to prospective participating schools, investigating some important pragmatic research
questions. Considerations included the need to focus on national policy objectives, including
effective use of school improvement funding and alignment with national priorities, such as
the Literacy and Numeracy Framework (LNF) initiative and improving outcomes for
disadvantaged pupils (Welsh Government, 2013, 2014, 2015). GWE has a central role in
monitoring school’s expenditure of the Welsh Government Pupil Development Grant (PDG;
a core funding arm delegated directly to schools based on the number of pupils eligible for
free school meals, eFSM). Through this important policy lever, we were able to align this
project with school’s PDG funding. This, together with the GWE’s ability to access and
communicate with large numbers of schools, enabled very rapid take-up of the project and a
route to funding high-quality research in a ‘collaborative stakeholder funding model’; we
were able to fund this RCT with resources internal to the system through a model where each
partner contributed part of the funding through strategic use of PDG funding from
participating schools, other local funding, and matched funding. For further discussion of this
funding and recruitment model, see Tyler, Watkins, Roberts, Hoerger, Hastings and Hughes
(2019).

Learner selection and recruitment.

All schools were asked to identify up to 15 learners in either Year 1 or Year 2 (aged 4-7
years; English medium schools) or Year 3 or Year 4 (aged 7-9 years; Welsh medium
schools). A choice of year groups was offered to ensure that smaller schools could put
forward learners eligible for the study. Welsh medium schools selected older learners due to
the common practice that English reading instruction begins in Year 3 following the initial
teaching of reading in Welsh. Because we were interested in evaluating the implementation

of the programme with beginning readers, it was a requirement that learners had minimal
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preexisting English reading skills. Therefore, schools were advised to target learners with a
standard score of less than 85 on national English reading tests, and given a description of
basic reading skills that would be permitted within the inclusion criteria. Schools were also
encouraged to target learners eligible for free school meals (eFSM learners) where possible,
as required by PDG funding. School data on learners’ reading tests were not obtained by the
researchers. However, 142 participants (53%) reached a standard score lower than 85 on the
pre-test YARC Early Word Recognition measure (68 in the ISG, and 74 in the SSG),
providing an indication of the reading skills of participants recruited to the study.

Once schools had identified learners, parental consent was obtained for their participation
in the study. The HER placement test was then used to determine eligibility. Learners placing
beyond episode 19 were excluded from the study, due to more advanced reading skills than
were described in the inclusion criteria. The schools were still free to use the programme with
these learners. However, reading assessments were not conducted for learners who did not
meet the inclusion criteria, and these were not included in the study.

Design

A cluster-randomised controlled trial design was employed, with randomisation
occurring at the level of the school. An a priori sample size calculation was informed by
effect sizes from previous evaluations of HER (Tyler et al., 2015a/b). Assuming a
standardized mean difference effect size of .50, power of 80%, and 5% alpha, the total
sample size required would have been 64 children. The design effect allowing for clustering
at the school level of ICC .20, and an estimated mean cluster size of 10 was calculated as 2.8.
Thus, 179 learners would be required. Allowing loss to follow-up of 10% would mean a
required sample size of 197 learners (approximately 20 schools).

Overall, 22 schools were randomly allocated to either the standard support group

(SSG; 11 schools; 4 Welsh medium, and 7 English medium schools; n = 129 learners) or the
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implementation support group (ISG; 11 schools; 3 Welsh medium schools, and 8 English
medium schools; n = 140 learners). Schools were allocated on a 1:1 basis at a single point in
time in a single block, following baseline data collection for all included children. The
randomization scheme was generated by using the website randomization.com
(http://www.randomization.com). The researcher responsible for randomisation was blinded
to any school identification or reading assessment information.

Measures

Reading outcomes.

All learners were assessed using the York Assessment of Reading for Comprehension
(YARC; Snowling et al., 2010) Early Reading and Passage Reading for Primary. The Early
Reading subtest comprises four sections: Letter Sound Knowledge (extended test
administered), Early Word Recognition, Sound Isolation, and Sound Deletion. Each subtest
provides a raw score, from which an Ability score, Standard score, Percentile rank and Age
equivalent are calculated.

Some learners’ scores fell below the range for which standardised scores were
provided (See Table 1). For these learners, estimated standardised scores were calculated
based on chronological age and reading age output. To calculate these estimates,
chronological age was divided by reading age and multiplied by 100.

Interobserver agreement was calculated for 30% of pre and post-test assessments
across outcome measures and was 90% for scoring both pre and post-test reading
assessments. Any differences were resolved by listening back to the assessment recordings.
Monitoring implementation

Key aspects of HER implementation were measured for all schools, including
frequency of episodes delivered (average episodes per week), percentage of episodes that

were correctly repeated, whether benchmark assessments were conducted and scored online,

13



Online early reading programme implementation

and self-reported/checklist data on fluency-building. Table 5 provides a summary of the
implementation monitoring data for each group. See Procedure for further explanation of
these components.
Confidence following training.
Questionnaires were distributed after initial training to gage the implementation confidence
of staff following the initial training. Staff were asked to report their level of confidence
pertaining to various aspects of the programme, including episodes, stories, benchmark
assessments, fluency building, and generally accessing the programme resources.
Procedure
Pre-randomisation.
Three undergraduate students and one research assistant were trained to conduct baseline
assessments using the YARC. The assessments were carried out over a period of four weeks
at the beginning of the school year. All assessments were recorded using Dictaphones to
enable any queries or issues to be identified and resolved where possible, and to enable
Interobserver agreement to be calculated for a sample of the assessments (see earlier).
Staff training.
Participating schools were required to send two members of staff to the initial training
session, to ensure programme delivery did not rely on the presence of one person in the
school with knowledge of the programme. Fifty-two members of staff across the 22 schools
attended the training; 27 from the ISG schools, and 24 from the SSG schools. For 17 of the
22 schools at least one teacher attended the training (for 15 of those schools, at least one
teaching assistant also attended, and for three of those schools the headteacher attended). For
the remaining five schools, either two or three teaching assistants attended.

Four training sessions were conducted, one for each cluster of nearby schools to minimise

travel distances for school staff. Each training session lasted three hours, and, following
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discussion with schools, was scheduled according to the most practical time for staff to
attend. Key aspects of implementation were covered explicitly in this training session,
including:

Episodes. Staff were trained how to access episodes, how to check episode accuracy, and
how to repeat episodes. They were also informed of some important elements of the
instructional design (e.g., how the phonetic elements are sequenced, and how error correction
and feedback is built into the programme), the importance of achieving at least 90% accuracy
or repeating that episode, and the importance of completing at least three sessions a week.

Stories. From episode 5, Sprout stories begin to appear after every episode. Staff were
advised to listen learners read these stories and were shown how to print them and how
learners can access them through the Book room.

Benchmarks. After every tenth episode, a benchmark story automatically appears to be
conducted with the learner using the benchmark tracker and scores input online. The scoring
grades were explained, and the Benchmark implementation sheet was highlighted. Members
of staff were encouraged to record the learners carry out the benchmark assessments and
informed they would receive microphones in order to do this.

Fluency-building. 1f learners achieved ‘needs practice’ on their benchmark assessment or
achieve less than 90% accuracy after having repeated an episode, staff were instructed to
conduct fluency building with them. Staff were shown where to access the fluency building
materials and how to conduct the fluency building using the fluency building tracker.

Three of the four sessions were carried out in ICT suites, where staff were able to
experience the programme first hand, including logging onto the programme, navigating the
site, and conducting part of an episode. The remaining session was conducted in a standard
classroom, with fewer ICT resources available. This led to some staff having less opportunity

for hands on practice during the session.
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Each school was given a training pack including a paper copy of the Headsprout training
PowerPoint slides, Headsprout Progress map, key implementation prompt sheets, and fluency
building tracker sheets.

Support models.

Following training teachers and completion of baseline assessments, schools were
randomised to either the Standard Support Group (SSG; offering only technical programme
support) or the Implementation Support Group (ISG; including regular school visits, ongoing
technical support, and practical advice via phone and email).

Our ISG model was designed from a pragmatic perspective, based on our previous pilot
work with this programme and with schools in this region, with a focus on a feasible delivery
model given resources available, but also drawing on key features and functions of coaching
support in the literature. For example, during individualised visits, observations were
followed by face to face feedback and modelling of correct implementation (Kretlow &
Bartholemew, 2010; Noell et al., 2005; Owen et al., 2021).

ISG support visits. The intended support model for the ISG schools was to provide fortnightly
visits to each school, equating to 11 visits across the 23-week implementation period. All
schools received 8 of these visits, with the exception of one school which received 9. During
the first visit, the research officer reminded staff of the key aspects of the training and
ensured staff were ready to begin the programme. Subsequent visits were observational
sessions, ensuring the members of staff were delivering the sessions correctly, with the
correct resources required. Guidance was given as required — either as identified by the
research officer or as requested by school staff. Each member of staff was observed assessing
a benchmark story. Once each school was up and running with the delivery of the sessions,
they were given a Learner Checklist to keep a record of whether the learner was present,

which episode was completed and what score they achieved, or whether they conducted
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Fluency Building activities. Following the initial 2-3 visits, an Implementation Checklist was
created to keep track of whether the ISG schools were carrying out all aspects of HER as
stated in the training and on the training documentation given to schools. The Implementation
Checklist was divided into six categories, including: 1) Quality of Learning Environment and
Resources (assessed directly by the research officer, including aspects such as sufficient PC
access, and an appropriate working area), 2) Episodes (assessed directly by the research
officer and self-reported by school staff, including aspects such as sessions being timetabled,
ensuring responses to speak-out-loud activities, and repeating episodes when necessary) 3)
Stories (assessed via self-report, including how the stories were used, whether some were
printed out for use in class or at home, and whether staff encouraged learners to engage in
the meaning of the stories),; 4) Benchmark Assessments (assessed directly by the research
officer, including checking benchmarks had been completed and scores recorded online, and
that appropriate action was taken if the benchmark was rated as ‘Needs Practice’); 5)
Fluency Building (assessed directly by the research officer, including checking activities had
been timed, the target had been met 3 times, and that scores had been recorded on the
fluency tracker sheet); 6. Progress and Incentives (assessed directly by the research officer,
enquiring about which aspects of the progress and incentives are being used). This procedure
was used with all members of staff, with observations recorded on the research officer’s
copy, and suggestions recorded on the staff copy. Twice during the project, the checklist was
used to generate a formal report providing information on aspects being delivered well, and
highlighting areas for development, which was shared with implementation staff and the
headteacher of the school. The second report was completed after going through the checklist
on the final visit, providing information on how well HER was being implemented at the end

of the intervention period.
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SSG support. All SSG schools were offered technical support. From the technical issues
raised by the ISG schools both groups of schools in the trial were given a Technical Support
FAQ sheet with solutions to the most common technical issues.

Programme delivery.

HER was intended to be implemented as a supplementary reading programme with beginning
readers, therefore delivered alongside their standard reading instruction. The nature of
‘standard reading instruction’ varied across schools, but typically included a 45minute to 1
hour literacy session each day, and involved teacher and/or TA led phonics sessions for
beginning readers, using a variety of commercially available and school-developed phonics
programmes.

Post-test measures.

At the end of the school year, after 23 school weeks of HER intervention, we repeated
assessments with all children, regardless of whether they finished the programme earlier and
regardless of whether they had finished all episodes of the programme. Six trained
individuals conducted the post-test assessments. All assessors were blind to trial arm. As with

pre-tests, all assessments were recorded using a Dictaphone.

Ethical approval
Ethical approval was granted for this study through the University ethics committee of the
first author.

Results
Twenty-two schools were randomised in total, with 11 schools randomised to ISG (SSG) and
the remaining 11 to SSG (ISG). In total, 269 learners were included in the study, with 140 in
ISG and 129 in SSG. Primary outcome data were available for 253 learners (94.1%) from all

22 randomised schools (See Figure 1 for CONSORT flow diagram).
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Support given to the SSG schools consisted of a total of 8 enquiries for technical
support and 3 enquiries for implementation support (which resulted in staff from SSG schools
being referred back to the training slides). Ten of the ISG schools received 8 support visits,
and the eleventh received 9 support visits.

Analysis

Analysis was conducted based on the intention-to-treat principle, with all participants
and schools analysed in the groups to which they were randomised. Between-group mean
differences in the YARC early word recognition standard score (primary outcome), and
YARC standard scores for letter sound knowledge, sound isolation, sound deletion, phoneme
awareness, reading accuracy, reading rate, and reading comprehension (all secondary
outcomes) were compared using two-level linear regression models, with learners nested
within schools. All models were adjusted for the corresponding score pre-randomisation.
Additional sensitivity analyses also adjusted for learner age and sex.

Four measures of fidelity to the delivery of the online intervention were considered
(percentage of episodes completed at >90% accuracy, percentage of episodes that should
have been repeated that were repeated, and mean number of episodes completed per week
during the intervention period). Due to the skewed nature of the three ‘percentages’
measures, they were analysed using two-level ordinal regression (up to 50% of sessions/51 to
75% of sessions/>75% of sessions) and logistic regression (0 to 25% of sessions, 26-50% of
sessions, 51-65% of sessions, 76-99% of sessions, and 100% of sessions for episode
repetitions, and 0%, 1-99%, 100% and Not applicable for benchmark completion data)
respectively. Between-group mean differences in the number of episodes completed per week
during the intervention period were compared using two-level linear regression.

Results are presented as adjusted mean differences (or odds ratios and relative risk

ratios for categorical data) with 95% confidence intervals and p-values.
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For participants providing both pre- and post-randomisation YARC standard scores,
the overall change in mean score is described, with effect sizes calculated using Cohen’s d
(with pre-randomisation standard deviation used as the divisor).

Analyses were conducted using Stata version 13.0.

Baseline data

Learners were recruited from across four year groups (Years 1 to 4), with learners from
Year 2 comprising the largest year group (106/269 learners, or 39.4% of all randomised
learners) and learners from Year 4 the smallest (31/269, or 11.5%). Compared to Schools
randomised to SSG, those randomised to ISG included a higher percentage of learners from
Year 1 (40.0% compared to 25.6%) and a lower percentage of learners from Year 3 (7.1%
compared to 25.6%). Learners from Year 2 and Year 4 were well balanced by Trial arm. Trial
arms were also well balanced according to the sex of the learners, with 104/269 female learners
included in the study (38.7%), age at baseline (median age of 6 years, IQR from 5 to 7 years),

and baseline YARC standard scores (Table 3).

Numbers analysed

As described previously, primary outcome data were available for 253/269 learners
(94.1%) from all 22 randomised schools. Post-randomisation letter sound knowledge data were
also available for 253 learners. However, post-randomisation sound isolation data were
available for 209 learners (77.7% of all learners), sound deletion data for 252 (93.7%),
phoneme awareness for 209, reading accuracy for 251 (93.3%), reading rate for 120 (44.6%)),
and reading comprehension for 223 (82.9%). Outcome data were available for at least one

learner from all 22 schools.

Outcomes and estimation
Baseline data indicated the mean early word recognition score was 90.7 in learners from

schools randomised to ISG (standard error (SE) = 1.04) and 89.3 in learners from schools
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randomised to SSG (SE = 1.16). However, there was no evidence of a between-group
difference for the early word recognition score (adjusted mean difference = 0.55, 95% CI: -
3.05to 4.15, p =0.764).

Similarly, there was no evidence of any differences in any of the mean YARC standard
scores at baseline (Table 3). The conclusions drawn from these analyses were not altered when
also adjusting for learner age pre-randomisation and learner sex (Table 3). The school-level
ICCs in the original analyses in Table 3 ranged from 0.03 (sound deletion) to 0.36 (letter sound
knowledge). Adjusting for learner age and sex produced lower ICCs (ranging from 0.00 for
sound isolation and phoneme awareness to 0.22 to letter sound knowledge), indicating that
while these variables explained some of the variation that was attributable to between-school
differences, a substantial amount of variation remained in some instances.

For participants in schools allocated to the ISG, the mean number of episodes
completed per week during the intervention was 1.4 (SE = 0.05), and while this was higher
than for those in schools allocated to the SSG (mean = 1.1, SE = 0.06), there was no statistical
discernible difference between groups (mean difference 0.23, 95% CI: -0.18 to 0.64, p=0.278).
As shown in Table 5, the percentage of sessions that were completed with >90% accuracy and
the percentage of sessions that were repeated (from those that should have been repeated) were
similar between groups, with no evidence of any discernible differences. However, there was
a discernible difference between Groups in terms of the percentage of benchmark assessments
completed that should have been completed. Seven pupils in the ISG completed 0% compared
to 54 pupils in the SSG (5% compared to 42%). All required benchmark assessments were
completed by 95 pupils in the ISG compared to 36 pupils in the SSG (68% compared to 28%,
relative risk ratio 20.36, 95% CI: 3.47 to 119.59, p = 0.001). There was a higher percentage of
pupils in the SSG where the child had not reached the point where they would be eligible to

receive any benchmark assessments (16% compared to 9%).
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Overall, mean YARC standard scores were consistently higher post-intervention than
they were pre-randomisation. Effect sizes ranged from 0.21 for reading accuracy to 0.59 for
letter sound knowledge (Table 6).

Exploratory Post-Hoc Analysis

Exploratory post-hoc analyses were conducted to provide additional insights into
associations between process measures and our primary outcome (YARC Early Word
Recognition standardised scores). Further figures relating to these can be found in the
accompanying Supplementary File; Table S1 provides a summary of these results.

A positive relationship was indicated between episode completion and the primary
outcome (see Figure S1 and S2), and between episode reached and the primary outcome (see
Figures S3 and S4). We regressed the number of episodes completed onto YARC early word
recognition standard score post-randomisation, adjusting for pre-randomisation YARC early
word recognition standard score and trial arm. We found that, for every additional 10 episodes
completed, the mean YARC Early Word Recognition, standardised score post-randomisation
(adjusted for baseline score and trial arm) increased by 1.9 points (95% CI: 0.8 to 3.0, p =
0.001).

Although there was no association between the proportion of episodes repeated that
should have been repeated and the primary outcome (95% CI: -0.05 to 0.03, p = 0.512; see
Table S1), a positive relationship was indicated between the percentage of episodes completed
above 90% and the primary outcome (95% CI: 0.18 to 0.29, p =<0.001; see Figure S5 and S6),
and the average number of episodes per week and the primary outcome (95% CI: 1.85 to 6.90,
p =0.001; See Figures S7 and S8).

There was no evidence of an overall association between benchmark assessment

completion and the primary outcome. However, there was a statistically significant difference
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between the 100% category (all required benchmarks completed) and the 0% category (no

required benchmarks completed; See Table S1).
Staff confidence following training

Following the initial training, staff all reported that they felt somewhat confident to
very confident delivering HER episodes, using the stories, and accessing the programme
resources. Staff reported they were less confident conducting and responding to benchmark
scores and delivering the fluency activities (Figure 2).

Discussion

The extent to which implementation support influences outcomes for programmes in
which the core element of the intervention is delivered directly via an app or computer-based
programme is not yet clear from the literature. This study investigated the effects of
providing ongoing implementation support for schools implementing Headsprout Early
Reading as supplementary reading instruction with beginning readers on learner reading
outcomes, with the Implementation Support Group schools receiving support throughout the
intervention period, and the Standard Support Group schools only receiving initial training
and technical support. The results indicate that there was no significant difference in reading
outcomes between the groups. These findings deviate from what is typically found in relation
to implementation support, with previous research suggesting that this support typically
improves outcomes (e.g., Kretlow & Bartholomew, 2010; Elish-Piper & L’Allier, 2011;
Owen et al., 2021).

One hypothesized mechanism for the action of implementation support on outcomes
is that the quality of fidelity/implementation may be improved with such support. We may
have observed a lack of effect because our implementation support model did not improve
implementation fidelity sufficiently to have an impact on reading outcomes. Although

resources for the trial did not allow for extensive measurement of implementation fidelity,
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some relevant data were available via the monitoring of implementation that occurred during
the study (see Table 5).

There was no significant difference between the Standard Support and
Implementation Support Group on the implementation of HER episodes, with both groups
averaging fewer than half the number of HER episodes suggested each week. However, there
were other differences in implementation indicating some effects of the ongoing support on
implementation. There was a higher percentage of learners in the SSG where the child had
not reached the point where they would be eligible to receive any benchmark assessments
(16% compared to 9%), and there was a significant difference in the implementation of the
benchmark assessments, with 68% of learners in the ISG having completed the appropriate
benchmark assessments as compared to only 28% of the learners in the SSG. Further, it was
also found that only 1 out of 11 schools in the SSG conducted any fluency activities, in
comparison with 9 out of 11 ISG schools.

Episode frequency was similar, indicating that the dosage and quality of the core
instruction received was similar across the groups. In this respect, the absence of a difference
in outcomes may be understandable; if the core instruction was implemented similarly in both
groups, we might expect to see similar outcomes. However, there were some other
differences in implementation indicating that ongoing support may have affected
implementation in some ways (improved use of benchmark assessments and fluency
activities).

Regardless of these differences in implementation between groups, there was no
difference in outcomes between groups in this study. However, these implementation
differences still have potentially significant implications for learners, particularly those at-
risk of reading difficulties. The use of benchmark assessments to monitor progress and make

instructional decisions is an important aspect of interventions that allow educators to respond
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early to difficulties. The use of the programme seen in SSG schools indicates that there is a
risk those learners most at-risk might not receive the support the programme can provide to
enable greater benefit to struggling learners. Further, within this study we investigated the
short-term effects of our ISG model, but it is conceivable that differences in reading
outcomes might become apparent over a longer period of time. One reason for this could be
that completing the programme without using the benchmark assessments may have an
impact on the reading skills developed that is more apparent when the programme has been
completed. This would be consistent with the notion of cumulative dysfluency — that deficits
in lower level component skills can impose a barrier to learning more complex, composite
skills that require the components (McDowell & Keenan, 2001; Gallagher, Bones & Lombe,
2006). Missing the benchmark assessments and the impact this could have on identifying
learner difficulties and making effective instructional decisions could lead to cumulative
dysfluency at a later stage. It is also possible that the individualised implementation support,
coaching, and troubleshooting schools received in the ISG during the first year of
implementation may have enhanced how well the programme was embedded within those
schools, including the establishment of a high quality learning environment, with consistent
implementation practices and routines (Outhwaite, Gulliford and Pitchford, 2019; Gulliford et
al., 2021), and the way in which learner support was facilitated beyond the educational
technology (Gulliford et al., 2021). Future research should therefore also examine
implementation as well as outcomes over a longer period of time.

It is also interesting to note that there was variability in reading outcomes and
programme progress across schools, regardless of study group. In the ISG, the average
episode completion for schools ranged from 20 to 46 (with an overall mean of 32), and in the
SSG this ranged from 10 to 56 (with an overall mean of 27). Average episode number

reached provides a very similar picture, with only 6 schools reaching the second half of the
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programme and no learners completing all 80 episodes of the programme. The exploratory
post-hoc analysis conducted indicates that episode reached, percentage of episodes above
90%, and episode frequency, are all positively associated with our primary outcome. Further,
some effects of the completion of benchmark assessments were also found. These analyses
indicate that the strongest predictor of outcome is the quality of intervention receipt; the
effects were more prominent for indicators of high quality (e.g., episode scores and episode
frequency) compared to simply completion of the intervention (e.g., episodes completed).
This provides useful information for the development of improved support models and may
help schools make decisions regarding their implementation practices.
Limitations and future considerations
Model of training and intervention delivery

All schools received initial training (which was based on our previous experiences
using the programme across many schools) and technical support — both of which could be
considered “enhanced” support in comparison with schools simply purchasing and
implementing the programme independently. Similarly, all schools knew they were
participating in a trial which would be comparing implementation across schools. It is
conceivable that implementation in some of the SSG schools was enhanced by perceived
competition, especially when considering the findings of Schechter et al., (2017) that a
contest element to implementation across teachers was related to better implementation.
Further, it is arguable the funding and recruitment model for the study resulted in the
recruitment of particularly motivated schools, which may have led to better implementation
regardless of group. It is also conceivable that the quality of ‘standard literacy instruction’
flooded the effects of the technology-based intervention. However, the extent to which the
HER sessions were timetabled outside of the standard literacy sessions varied across schools;

it was not always the case that HER sessions translated to additional time engaged in literacy
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activities, though all learners did continue to receive the main phonics provision provided by
the school. Further measures of what standard literacy instruction looked like for each learner
in future research would allow for a clearer understanding of whether this might explain the
results of the current study.

Although the initial training was designed to include sufficient coverage of the core
elements of the programme along with implementation issues we had encountered in previous
projects, there were still some aspects staff reported being unsure about following the training
session. ISG schools requested the first support sessions to take the form of reminders of key
aspects of the training in situ, further supporting the notion that transferring to practice can be
challenging (Klingner, Vaughn, Hughes & Arguelles, 1999). Further, there is a clear
relationship between aspects rated as lower in the post-training questionnaire and the
subsequent implementation, indicating some training improvements that could be made to
enhance confidence and good delivery of these components.

Staff delivering the intervention also varied between groups. For example, in two SSG
schools, HER was delivered solely by class teachers, whereas this was not the case in any of
the ISG schools. Conversely, in seven of the ISG schools, HER was delivered solely by
teaching assistants, whereas this was only the case for four of the SSG schools. For all other
schools in both groups, HER was delivered by both class teachers and teaching assistants.
Although the core intervention is delivered via the computer, the involvement and support of
class teachers may facilitate implementation through cooperative scheduling, and access to
appropriate resources and space to conduct an intervention. It is therefore possible that the
appropriate frequency of HER sessions was more difficult to achieve for more of the ISG
schools than SSG schools.

Model of implementation support
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Although all support visits involved observing a session and providing feedback on
core aspects of HER delivery, the support visits did evolve over the course of the intervention
period. The initial 2-3 visits were focused on getting schools up and running and ensuring
they were confident in running the core intervention sessions. As such, these support visits
were often largely steered by the particular issues or queries staff had, and there was no
systematic feedback on implementation provided to staff. Following these initial visits, the
Implementation Checklist was introduced to formalise the structure of the support visit
sessions and ensure staff implementing the intervention had clear feedback on all aspects of
HER session delivery. Although this was used in all subsequent support visits, it was only
used to generate a formal report that was shared with the headteacher once during the
intervention period, and once at the end of the intervention period. Sharing this information
highlighting areas for development with senior leadership sooner and more often could have
led to a greater impact on implementation. For example, if headteachers were presented with
the data on episode frequency in relation to what was recommended on a biweekly basis,
efforts might have been made to increase either staff or IT resources for the intervention.

Our implementation support model led to a relatively low frequency of performance
feedback compared to some other models described in the literature. For example, Mortenson
and Witt (1998) found that the effects of performance feedback were reduced when feedback
sessions were provided weekly rather than daily. In the current study, even the intended
fortnightly visits were not possible to deliver. This was largely due to scheduling challenges;
with the distance between schools being up to 90 miles, any requests for rescheduling due to
staff absence, school inspections, or other events in the school diary presented significant
challenges. Such challenges highlight the importance of creating capacity within schools to
enable greater frequency of feedback and support following training, either via providing

‘programme champions’ with additional training, or through exploring peer coaching.
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Considering the relatively straightforward delivery of HER in comparison with other,
teacher-delivered reading programmes, such models of implementation support could have
significant potential in supporting effective delivery and helping to embed good
implementation practices following training.

Despite the similarities in the support model and frequency of performance feedback,
our findings contrasted with Owen et al., (2021) who found significant positive effects of
ongoing support on outcomes for a maths fluency intervention. One explanation for this
difference relates to the measures used. Fluency measures (the outcome measures used in
Owen et al., 2021) are typically more sensitive to change. In the current study, reading rate
data were not available for many participants. A standalone reading fluency measures (such
as the Word Reading Fluency or Oral Reading Fluency subtests of the Dynamic Indicator of
Basic Early Literacy Skills; DIBELS) could be utilised in future research to ensure a measure
of reading fluency is available for most participants. Another explanation for this could relate
to the technology and feedback mechanisms built into HER; the very nature of this
intervention is that the core element of the programme is delivered via the app or computer,
with session feedback available for teachers to view following an episode for each learner.
Our data demonstrate this aspect of the intervention was implemented similarly across both
groups, and that reading outcomes were similar. This indicates that the implementation
support did not impact the delivery of the core element, and as such we could conclude that
the initial training was sufficient in equipping teachers with the skills to deliver this
component effectively to yield positive outcomes. However, as previously discussed, there
were notable differences in implementation of other aspects of the programme, particularly in
relation to the role of the teacher or educational practitioner in managing the interplay
between the app-based learning and teacher intervention for learners who require further

support. This has important implications for the development of educational apps more
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broadly, arguably highlighting the “double-edged sword” of educational technology. With the
core component of an intervention being delivered via an app or computer-based programme,
there is a risk of an over-reliance on the technology to facilitate the learning of all learners
accessing the programme. Well-designed educational technology will have sophisticated
instruction to adapt to learners who require additional support, but teachers and other
educational practitioners still have a crucial role in ensuring progress and identifying learners
requiring additional support, particularly when being delivered within a school context. For
example, in the context of reading specifically, it is only when engaging with a reading
activity outside of the programme that issues with generalisation are uncovered for some
learners, especially those with special educational needs and therefore at greater risk of
reading failure. With this in mind, exploring how technology could further support the
interplay between app-based learning and teacher intervention seems an important area for

development in educational apps.

Conclusion

The results of this study indicate that, for Headsprout Early Reading (a programme in which
the core instructional components are delivered directly via an app or computer-based
programme), the implementation support provided had no effect on reading outcomes, and no
effect of implementation support on delivery of the core elements of the programme. These
findings may have implications for providing access to high quality instruction in early
reading skills at scale, with minimal training. However, there were some effects of
implementation support on the implementation of other programme elements relating to the
responsiveness of educators to the individual’s learning within the programme. Further
investigation of the impact implementation of these elements might have on outcomes upon

completion of the programme, and further development of effective training and support
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structures and resources to enhance delivery of these components, would help ensure the
programme can be implemented to allow for optimal outcomes for all learners. Further, the
ways in which educational technology applications can be designed to acknowledge and
better support the interplay between app-based learning and accessing additional support

external to the technology requires further investigation.
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Tables and Figures
Table 1: Number of learners with scores below the range for which standardised scores were

provided at pre and post-test in both arms of the trial

YARC subtest Time | ISG | SSG

Pre 4 7
Early Word Recognition

Post 3 4

Pre 15 27
Letter Sound Knowledge

Post 14 10

Pre 11 2
Sound Insertion

Post 3 5

Pre 4 7
Sound Deletion

Post 4 3

Pre 6 7
Phoneme Awareness

Post 4 2

Pre 4 7
Reading Accuracy

Post 5 5

Pre 0 1
Reading Rate*

Post 0 0

Pre 7 3
Reading Comprehension*

Post 4 7

*See Table 2 for information on missing cases for these measures
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Table 2: Baseline characteristics of learners from randomised schools

ISG SSG Overall
Number of schools 11 11 22
Number of learners 140 129 269
Year 1 56 (40.0) 33 (25.6) 89 (33.1)
Year 2 57 (40.7) 49 (38.0) 106 (39.4)
Year group*®
Year 3 10 (7.1) 33 (25.6) 43 (16.0)
Year 4 17 (12.1) 14 (10.9) 31(11.5)
Sex of Female 55(39.3) 49 (38.0) 104 (38.7)
learner® Male 85 (60.7) 80 (62.0) 165 (61.3)
Whether No 68 (50.4) 83 (64.8) 151 (57.4)
child is
eligible for
Yes 67 (49.6) 45 (35.2) 112 (42.6)
free school
meals*
Age at baseline’ 6 (5to06) 6 (6to7) 6(5to7)
Early word
85.5(9.49) 84.5 (11.32) 85.0 (10.40)
recognition*
Baseline n missing 0 0 0
YARC Letter sound
82.9 (12.65) 81.5 (14.64) 82.2 (13.63)
standard knowledge*
scores n missing 0 0 0
Sound
87.4 (15.06) 88.6 (12.81) 88.0 (14.01)
isolation*
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n missing 1 0 1
Sound deletion* 90.2 (12.63) 88.1 (13.31) 89.2 (12.98)
n missing 2 0 2
Phoneme
87.8 (12.44) 87.0 (11.47) 87.4 (11.96)
awareness?
n missing 2 0 2
Reading
84.7 (7.94) 83.9 (9.47) 84.3 (8.70)
accuracy?*
n missing 3 3 6
Reading rate* 81.2 (4.97) 75.8 (21.98) 77.8 (17.60)
n missing 131 114 245
Reading
79.7 (10.22) 81.1(8.91) 80.5 (9.52)
comprehension*
n missing 71 46 117

* Frequency (percentage). tMedian (interquartile range (IQR)). I Mean (standard deviation

(SD))
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Table 3: Between-group comparison of post-randomisation YARC standard scores

Nin Adjusted Mean 95% Confidence Interval Intra-cluster
ISG Mean SSG Mean N in model
Outcome model Difference p-value Correlation
(SE) (SE) (schools) Lower Limit Upper Limit
(learners) (ISG -SSG) * Coefficient
Early word
90.7 (1.04) 89.3 (1.16) 253 22 0.55 -3.05 4.15 0.764 0.08
recognition
Letter sound
92.3(1.52) 91.3 (1.56) 253 22 -1.28 -9.39 6.84 0.758 0.36
knowledge
Sound isolation 94.5 (1.56) 94.5(1.42) 208 22 0.22 -4.37 4.81 0.925 0.04
Sound deletion 92.6 (1.14) 92.8 (1.08) 250 22 -0.80 -4.25 2.66 0.651 0.03
Phoneme awareness 91.9 (1.22) 92.3 (1.05) 207 22 -0.81 -4.13 2.51 0.634 0.04
Reading accuracy 87.2 (1.03) 86.0 (1.12) 246 22 0.32 -3.60 4.25 0.871 0.13
Reading rate' 88.1(1.24) 87.5(1.27) 120 22 -0.12 -5.85 5.61 0.967 0.32
Reading
85.6 (1.04) 83.3(1.17) 223 22 2.00 -2.53 6.52 0.387 0.12
comprehension’

*Adjusted for the corresponding score prior to randomisation. TDue to the low response rate for the pre-randomisation reading rate and

comprehension scores, these variables were not included in the final analyses.
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Table 4: Between-group comparison of post-randomisation YARC standard scores, adjusting for learner age pre-randomisation and learner sex

Adjusted Mean 95% Confidence Interval Intra-cluster
Outcome Difference p-value Correlation

Lower Limit Upper Limit
(ISG -SSG) * Coefficient
Early word recognition 1.24 -1.64 4.13 0.398 0.02
Letter sound knowledge -1.67 -7.78 4.45 0.593 0.22
Sound isolation -0.61 -4.62 3.40 0.766 0.00
Sound deletion -1.05 -4.61 2.51 0.564 0.04
Phoneme awareness -1.49 -4.60 1.61 0.346 0.02
Reading accuracy 0.14 -3.50 3.78 0.940 0.10
Reading rate’ -0.56 -4.31 3.19 0.769 0.11
Reading comprehension® 0.89 -3.29 5.07 0.676 0.09

* Adjusted for the corresponding score prior to randomisation, learner age pre-randomisation, and learner sex. tDue to the low response rate for

the pre-randomisation reading rate and comprehension scores, these variables were not included in the final analyses.
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Table 5: Between-group comparisons of categorical fidelity measures

Outcome Responses ISG [n (%)] SSG [n (%)]
Up to 50% of sessions 7(54) 17 (13.7)
Percentage of sessions that were completed at >90% accuracy 51 to 75% of sessions 41 (31.8) 35(28.2)
>75% of sessions 81 (62.8) 72 (58.1)
0 to 25% 9 (6.6) 32 (24.8)
26 to 50% 22 (16.2) 11 (8.5)
Percentage of sessions that should have been repeated that were | 51 to 75% 23 (16.9) 15 (11.6)
repeated 76 to 99% 30 (22.1) 19 (14.7)
100% 52 (38.2) 52 (40.3)
0% 7 (5.0) 54 (41.9)
Percentage of benchmark assessments completed that should 1 to 99% 26 (18.6) 19 (14.7)
have been completed 100% 95 (67.9) 36 (27.9)
Not applicable 12 (8.6) 20 (15.5)
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Pre-intervention

Post-intervention

Outcome | N (learners)* Effect size

Mean (SD) Mean (SD)
Early word recognition 253 85.1 (10.29) 90.0 (12.37) 0.42
Letter sound knowledge 253 82.3 (13.72) 91.8 (17.29) 0.59
Sound isolation 208 88.2 (14.25) 94.4 (15.13) 0.42
Sound deletion 250 89.4 (13.03) 92.8 (12.43) 0.27
Phoneme awareness 207 87.7 (12.52) 92.1(11.49) 0.37
Reading accuracy 246 84.5 (8.73) 86.8 (12.01) 0.21
Reading rate 23 77.7 (17.97) 83.8 (5.83) 0.43
Reading comprehension 144 80.4 (9.64) 85.9 (12.80) 0.48

*Only calculated where both pre- and post-randomisation scores were available
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Figure 1: CONSORT school and participant flow diagram

Enrollment

Follow up Allocation

Analysis

Invited to

participate:

374 Schools Excluded:

Did not respond to
| invitation to

Randomised: partéccllll);l(tjs()%z

22 Schools
(269 children)

}

A 4

Allocated to ISG:
11 Schools
140 children

Received allocated intervention
11 Schools (140 children)

Allocated to SSG:
11 Schools
129 children

Received allocated intervention
11 Schools (129 children)

A4

l

Lost to follow up:

0 Schools, 11 children

(11 moved schools during the research
period)

Lost to follow up:

0 Schools, 4 children (3 moved
schools during the research period; 1
was absent due to illness for the post-
testing period)

Clusters:

11 Schools (100%) clusters analysed
Median Cluster size 11.72, range 5-15
Participants: 129

129, (92%) participants analysed*

Clusters:

11 Schools (100%) clusters analysed
Median Cluster size 11.36, range 5-15
Participants: 125

125, (97%) participants analysed*

*some participants in both groups were excluded from the analysis of some
YARC subtests due to assessment error. See results for further details.
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Figure 2. Implementation confidence for each aspect of the programme following training
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Supplementary File: Exploratory Post-Hoc Analysis for “Effects of implementation

support on children’s reading outcomes following an online early reading programme:

a cluster-randomised controlled trial”

Table S1: Associations between process measures and our primary outcome
Adjusted Lower 95% | Upper 95%
Process measures mean p-value
. Cl Cl
difference*
Number of episodes 0.19 0.08 0.30 |  0.001
completed
% of episodes above 90% 0.23 0.18 0.29 | <0.001
% of episodes repeated that
should have been repeated -0.01 -0.05 0.03 0.512
Episode reached 0.29 0.20 0.38 | <0.001
% of benchmark 0% Reference category
assessments 1-
completed that | 99% 1.24 -2.70 317 0.073
should have been | - 0, 425 0.19 8.31
completed
Average number of episodes 437 1.85 6.90 0.001
per week

*Based on a two-level linear regression model of YARC early word reading standard score
post-randomisation, accounting for clustering of pupils within schools. Model adjusts for pre-
randomisation YARC early word recognition standard score and trial arm. Coefficients are per
unit increase.
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Figure S1: Scatter plot of the relationship between number of episodes completed and

YARC early word recognition standard score post-randomisation
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Figure S2: Relationship between episode completion and YARC early word recognition

standard score post-randomisation, and distribution of sessions completed

Relationship between episode reached and outcome
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Figure S3: Scatter plot of the relationship between episode reached and YARC early word
recognition standard score post-randomisation
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Figure S4: Scatter plot of the relationship between episode reached and YARC early word
recognition standard score post-randomisation, and distribution of episode reached

Relationship between % of episodes completed above 90% and outcome

The scatterplot below suggests a positive relationship between the % of episodes completed

above 90% and the primary outcome.
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S 120
.‘g [m] [m]
(2]
€ B 0O o . o H B o N
(s}
2 400 o H oo fm ©°9 o ®0 { o -
@ ool ‘ﬁg‘,ﬂ% < S
. O o &S B %3 o a
17} o S o a
o 0 [u] o O Qg ] o
s oo o L do0 8 8 0o X O o
g 80 a| Lo P s Og oo
S 0o -8 , q o
: By 0 B ¥ O
° o
g -
S 60
S
(7]
(o]
=
T 40
e
2
S
Z 2
©
[0}
2
< 0
>
0 1 2 3

Average number of episodes per week

ISG group O SSG group

Figure S7: Scatter plot of the relationship between average number of episodes per week and

YARC early word recognition standard score post-randomisation

50



Implementing a computer-based reading programme

120 8
© 100
®
e
85 6
0=
8’.8 80
S5
P2
o 860 4
$%
> (e
& 240
°8
2’ 2
< 20

0 0
0 1 2 3
Average number of episodes per week
95% CI — Fitted values
Observed value for ISG group . Observed value for SSG group

Distribution of average number of episodes per week (right-hand axis)

Density

Figure S8: Scatter plot of the relationship between average number of episodes per week and
YARC early word recognition standard score post-randomisation, and distribution of average

number of episodes per week

51



	Baseline data
	Numbers analysed
	Outcomes and estimation

