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Comprehension. We found no effect of implementa-
tion support on outcomes, and no effect of implemen-
tation support on delivery of the core element of HER.
However, there were some effects of implementa-
tion 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 mini-
mal training. More broadly, the current study suggests
that well-designed computer or app-based instruction
can yield positive outcomes with minimal implemen-
tation support and training. However, further research
is required to ensure the interplay between learners'
app-based learning and teacher intervention func-
tions as intended to provide additional support for
those who need it.

KEYWORDS
app-based learning, coaching, implementation, reading instruction

Practitioner notes

What is already known about this topic

» Well-designed computer or app-based instruction has a number of potential bene-
fits (eg 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 interven-
tions 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 assis-
tants 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.
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Implications for practice and 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.

INTRODUCTION

Considerable evidence supports the use of explicit, systematic phonics instruction for begin-
ning readers (eg Coyne et al., 2004; National Reading Panel, 2000; Rose, 2006, 2009).
Despite some inconsistent effects of computer-based instruction (Higgins et al., 2012),
research generally indicates positive effects of computer-based phonics instruction on
reading skills (eg Abrami et al., 2020; Blok et al., 2002; Cheung & Slavin, 2012; Huffstetter
et al., 2010; National Reading Panel, 2000; Storey et al., 2017; Twyman et al., 2011).

Akey challenge in the evaluation of computer-based instruction and educational technol-
ogies is that the component parts may differ considerably in terms of the quality and appro-
priateness of the interface and aesthetic, the content and specific skills targeted, and the
instructional design (Bishop & Santoro, 2006), bringing into question the validity and useful-
ness 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 educa-
tion for disadvantaged learners and those with special educational needs internationally.
Such learners have been disproportionately impacted by the COVID-19 pandemic (Theis
et al., 2021; Twist et al., 2022). 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. 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 relat-
ing to having sufficient depth of understanding of the new practice, remembering how to
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implement the practice effectively, and the reality of using the new practice alongside many
other practices (Klingner et al., 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 (eg Buzhardt et al., 2006; Elish-Piper & L'Allier, 2011; Klingner et al., 1999;
McCollum et al., 2013; Neufeld & Roper, 2003; Owen et al., 2021; Schechter et al., 2002;
Yoon et al., 2007) and also sustained implementation (eg Klingner et al., 1999; Kretlow
etal., 2011, 2012).

In a review of 13 studies, Kretlow and Bartholomew (2010) investigated the impact of
coaching teachers (including both trainees and qualified teachers) on the implementa-
tion of evidence-based practices, concluding that there is strong evidence for the effec-
tiveness 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 supervi-
sory 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-face feed-
back, 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 individualised follow-up support to be provided, as well
as opportunities to model correct implementation and to reinforce appropriate implementa-
tion in situ (Blakely, 2001; Joyce & Showers, 1995).

As an example, Owen et al. (2021) investigated the effects of training plus ongoing imple-
mentation support on the fluency outcomes of learners receiving a maths fluency interven-
tion. 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-h 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 an intervention, the way in which a programme is implemented has still been
found to affect outcomes when using educational technology (Abrami et al., 2020; Savage
et al., 2010, 2013). 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 imple-
mentation 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 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 et al. (2019) found that having a well-established routine (eg consist-
ent 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
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accounting for 41% of the variance in learning outcomes. Convergent findings were reported
by Gulliford et al. (2021) in a study combining qualitative data from two evaluations of a maths
app intervention. Both the features of the app (eg accessibility, instructional demand, task
structure, curriculum links) and child factors (eg language proficiency, attention, motivaton)
were reported to be important factors in the outcomes for learners using the app. However,
learning environment factors (eg the physical learning environment and implementation)
and facilitator factors (eg 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 et al., 2003; https://www.headsprout.com). HER utilises
highly effective instructional principles (employed in Direct Instruction; Kinder et al., 2005;
Schieffer et al., 2002), including teaching consistent elements before exceptions, basic strat-
egies to 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 learn-
ing 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 oppor-
tunities, 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 imple-
mented), and contingencies external to the programme (eg being able to read a story using
newly acquired skills after only 5 lessons) (Kim et al., 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
(Huffstetter et al., 2010; Storey et al., 2017; Twyman et al., 2011; Tyler, Hughes, Beverley,
& Hastings, 2015) children with ADHD (Clarfield & Stoner, 2005), and children with intellec-
tual disabilities and/or autism (Grindle et al., 2013, 2021; Roberts-Tyler et al., 2020; Tyler,
Hughes, Wilson, et al., 2015; Whitcomb et al., 2011).

The current literature generally suggests that without follow-up support after train-
ing, implementation of educational interventions is often poor and outcomes reduced
(eg Elish-Piper & L'Allier, 2011; Kretlow & Bartholomew, 2010; Mortenson & Witt, 1998).
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
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?
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The exploratory aims of the study were to investigate: (a) whether ongoing implementa-
tion 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 (eg how it might work alongside other reading programmes),
and discuss the requirements of the project (eg direct cost, and information technology and
staffing resources). None of the participating schools had previously used HER.

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 disad-
vantaged pupils (Welsh Government, 2013, 2014, 2015). GwE has a central role in monitor-
ing 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 communi-
cate 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 part-
ner 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 et al. (2019).

Learner selection and recruitment

All schools were asked to identify up to 15 learners in either Year 1 or Year 2 (aged 47 years;
English medium schools) or Year 3 or Year 4 (aged 7-9years; 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 prac-
tice 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 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
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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 learners 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, Hughes, Beverley, & Hastings, 2015; Tyler, Hughes,
Wilson, et al., 2015). Assuming a standardised mean difference effect size of 0.50, 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 0.20, 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 imple-
mentation 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 randomisation
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., 2009) Early Reading and Passage Reading for Primary. The Early
Reading subtest comprises four sections: Letter Sound Knowledge (extended test adminis-
tered), 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.
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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,
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 pertain-
ing to various aspects of the programme, including episodes, stories, benchmark assess-
ments, 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).

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
Early word recognition Pre 4 7
Post 3 4
Letter sound knowledge Pre 15 27
Post 14 10
Sound insertion Pre 1 2
Post 3 5
Sound deletion Pre 4 7
Post 4 &
Phoneme awareness Pre 6 7
Post 4 2
Reading accuracy Pre 4 7
Post 5 &
Reading rate® Pre 0 1
Post 0 0
Reading comprehension? Pre 7 &
Post 4 7

aSee Table 2 for information on missing cases for these measures.
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TABLE 2

Number of schools
Number of learners

Year group?

Sex of learner?

Whether child is eligible for free school
meals?
Age at baseline®

Baseline YARC standard scores

Italics indicate missing values.
aFrequency (percentage).

®Median (interquartile range (IQR)).
°Mean (standard deviation (SD)).

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.

Year 1
Year 2
Year 3
Year 4
Female
Male
No

Yes

Early word recognition®
n missing

Letter sound
knowledge®

n missing

Sound isolation®

n missing

Sound deletion®

n missing
Phoneme awareness®
n missing

Reading accuracy®
n missing

Reading rate®

n missing

Reading
comprehension®

n missing

Baseline characteristics of learners from randomised schools.

ISG SSG Overall

11 11 22

140 129 269

56 (40.0)  33(25.6) 89 (33.1)
57 (40.7)  49(38.0) 106 (39.4)
10 (7.1) 33(25.6)  43(16.0)

17 (12.1)  14(10.9) 31 (11.5)
55(39.3)  49(38.0) 104 (38.7)
85(60.7)  80(62.0) 165 (61.3)
68(50.4)  83(64.8) 151 (57.4)
67 (496)  45(352) 112 (42.6)
6(5t06) 6(6t07) 6(5t07)
85.5(9.49) 84.5(11.32) 85.0 (10.40)
0 0 0

82.9 (12.65) 81.5(14.64) 82.2 (13.63)
0 0 0

87.4 (15.06) 88.6(12.81) 88.0 (14.01)
1 0 1

90.2 (12.63) 88.1(13.31) 89.2 (12.98)
2 0 2

87.8 (12.44) 87.0 (11.47) 87.4 (11.96)
2 0 2

84.7 (7.94) 83.9(9.47) 84.3(8.70)
3 3 6
81.2(4.97) 75.8(21.98) 77.8(17.60)
131 114 245

79.7 (10.22) 81.1(8.91)  80.5 (9.52)
71 46 117
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Four training sessions were conducted, one for each cluster of nearby schools to mini-
mise travel distances for school staff. Each training session lasted three hours, and, following
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 (eg 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 high-
lighted. Members of staff were encouraged to record the learners carry out the bench-
mark assessments and informed they would receive microphones in order to do this.
Fluency-building. If learners achieved ‘needs practice’ on their benchmark assess-
ment 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 expe-
rience 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.

Each school was given a training pack including a paper copy of the Headsprout train-
ing 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 deliv-
ery 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 &
Bartholomew, 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,
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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 Fluency Building activities. Follow-
ing 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 appropri-
ate 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.

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 begin-
ning 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 indi-
viduals conducted the post-test assessments. All assessors were blind to trial arm. As with
pre-tests, all assessments were recorded using a dictaphone.
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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).

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 differ-
ences 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.

Invited to
- participate:
g 374 Schools Excluded:
5 Did not respond to
e 1 invitation to
= rticipate (352
= Randomised: P é‘;fjois()
22 Schools
(269 children)
1 | 1

Allocated to ISG: Allocated to SSG:
£ 11 Schools 11 Schools
'g 140 children 129 children
<9
é Received allocated intervention Received allocated intervention
< 11 Schools (140 children) 11 Schools (129 children)
S | Lost to follow up: Lost to follow up:
z 0 Schools, 11 children 0 Schools, 4 children (3 moved
= (11 moved schools during the research schools during the research period; 1
é period) was absent due to illness for the post-

testing period)

- Clusters: Clusters:
7 11 Schools (100%) clusters analysed 11 Schools (100%) clusters analysed
%’ Median Cluster size 11.72, range 5-15 Median Cluster size 11.36, range 5-15
2 Participants: 129 Participants: 125

129, (92%) participants analysed* 125, (97%) participants analysed*

FIGURE 1 CONSORT school and participant flow diagram. 'some participants in both groups were
excluded from the analysis of some YARC subtests due to assessment error. See results for further details.

85UB0| SUOWWIOD dAIa.D aaeal|dde ay) Ag peuenob are sspe YO ‘esn Jo Sajni Joy AeiqiauluQ AS|IM UO (SUONIPUOD-pUe-SWLBIW0D A8 [IM"Ale.q 1 pul[uo//:SdNy) SuonIpUOD pue swie L 8yl 89S *[£20z/c0/7z] uo Areiqiauljuo ABIM ‘191 Aq ZTEET ®IO/TTTT OT/I0p/Wod 8| IM Aelq 1 puluos feuino [essqy/sdny wouy papeojumoq ‘0 ‘GES8.9rT



IMPLEMENTATION SUPPORT AND OUTCOMES OF AN ONLINE N
EARLY READING PROGRAMME Educational Technology | 13

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’ meas-
ures, 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.

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 6years, 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 availa-
ble 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
randomised to SSG (SE = 1.16). However, there was no evidence of a between-group differ-
ence for the early word recognition score (adjusted mean difference = 0.55, 95% CI: -3.05
to 4.15, p = 0.764).

Similarly, there was no evidence of any differences in any of the mean YARC stand-
ard scores at baseline (Table 3). The conclusions drawn from these analyses were not
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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 dele-
tion) 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 (Table 4).

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 bench-
mark 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 bench-
mark 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% ClI: 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%).

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 associa-
tions between process measures and our primary outcome (YARC Early Word Recognition

TABLE 4 Between-group comparison of post-randomisation YARC standard scores, adjusting for learner
age pre-randomisation and learner sex.

95% confidence interval

Adjusted mean Intra-cluster
difference Lower Upper correlation
Outcome (ISG - SSG)? limit limit p-value coefficient
Early word recognition 1.24 -1.64 4.13 0.398 0.02
Letter sound knowledge -1.67 S 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 =529 5.07 0.676 0.09

aAdjusted for the corresponding score prior to randomisation, learner age pre-randomisation, and learner sex.

®Due 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 (%)]
Percentage of sessions that were Up to 50% of sessions 7(5.4) 17 (13.7)
completed at >90% accuracy 51%-75% of sessions 41(31.8) 35 (28.2)
>75% of sessions 81 (62.8) 72 (58.1)
Percentage of sessions that should 0%—-25% 9 (6.6) 32 (24.8)
have been repeated that were 26%-50% 22 (16.2) 11 (8.5)
repeated
51%—-75% 23 (16.9) 15 (11.6)
76%—-99% 30 (22.1) 19 (14.7)
100% 52 (38.2) 52 (40.3)
Percentage of benchmark 0% 7 (5.0) 54 (41.9)
assessments completed that 1%-99% 26 (18.6) 19 (14.7)
should have been completed
100% 95 (67.9) 36 (27.9)
Not applicable 12 (8.6) 20 (15.5)

TABLE 6 Effect sizes for change in YARC standard scores pre- and post-randomisation.

Pre-intervention Post-intervention Effect
Outcome N (learners)? mean (SD) mean (SD) size
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

a0nly calculated where both pre- and post-randomisation scores were available.

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 Figures 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 addi-
tional 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%
Cl: 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
Figures S5 and S6), and the average number of episodes per week and the primary outcome
(95% CI: 1.85 t0 6.90, p = 0.001; See Figures S7 and S8).
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Episodes

Stories

Benchmarks
(responding to
scores)

Fluency

e
(conducting)

X
Resources &
0 20 40 60 80 100
B Confident or very confident Somewhat confident
Not confident 2 Not at all confident

No response

FIGURE 2 Implementation confidence for each aspect of the programme following training.

There was no evidence of an overall association between benchmark assessment
completion and the primary outcome. However, there was a statistically significant difference
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 confi-
dent 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 provid-
ing 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 imple-
mentation support, with previous research suggesting that this support typically improves
outcomes (eg Elish-Piper & L'Allier, 2011; Kretlow & Bartholomew, 2010; Owen et al., 2021).
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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 implemen-
tation fidelity sufficiently to have an impact on reading outcomes. Although resources for the trial
did not allow for extensive measurement of implementation fidelity, 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 Implementa-
tion Support Groups 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 imple-
mentation. 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 instruc-
tion 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 differ-
ences 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 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 bench-
mark 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 cumu-
lative dysfluency—that deficits in lower level component skills can impose a barrier to learning
more complex, composite skills that require the components (Gallagher et al., 2006; McDowell
& Keenan, 2001). Missing the benchmark assessments and the impact this could have on iden-
tifying 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 (Gulliford et al., 2021; Outhwaite et al., 2019), 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.

Itis 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 comple-
tion 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 programme and no
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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 (eg episode scores and episode frequency)
compared to simply completion of the intervention (eg 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 consid-
ered “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 implemen-
tation in some of the SSG schools was enhanced by perceived competition, especially when
considering the findings of Schechter et al. (2002) 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 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 previ-
ous 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 remind-
ers of key aspects of the training in situ, further supporting the notion that transferring to prac-
tice can be challenging (Klingner et al., 1999). Further, there is a clear relationship between
aspects rated as lower in the post-training questionnaire and the subsequent implementa-
tion, 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.

85U807 SUOWIWOD 3A1ER.ID 3(ceoljdde auy A peuenob aJe ssjo e O ‘88N JO Sa|nJ 10} Afeiqi8UlUO AB|IM UO (SUORIPUOD-pUe-SWS}/WI0D" A3 1M ARe.q 1l juo//:SANY) SUORIPUOD PUe SWi | U188 *[£202/€0/yz] Uo AriqiTaulluO A8 |IM ‘1591 Aq ZTEET BIG/TTTT 0T/10p/W00 A8 | 1M Areiq 1 BuljUO'S UINO[-eseq/Sd1y WOy pepeo|umoq ‘0 ‘SES8L9YT



British J I of
20 | E;lu::satio%zrln'lee:hnology ROBERTS-TYLER ET AL.

Model of implementation support

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 ensur-
ing 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 inter-
vention period, and once at the end of the intervention period. Sharing this information high-
lighting 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 feed-
back 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 feed-
back 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 signif-
icant 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 coach-
ing. 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 implementa-
tion 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 ongo-
ing 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 demon-
strate 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 imple-
mentation 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
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teacher intervention for learners who require further support. This has important implications
for the development of educational apps more 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 technol-
ogy to facilitate the learning of all learners accessing the programme. Well-designed educa-
tional 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 deliv-
ered 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 on deliv-
ery 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 train-
ing and support 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 acknowl-
edge and better support the interplay between app-based learning and accessing additional
support external to the technology requires further investigation.

CONFLICT OF INTEREST STATEMENT
There is no conflict of interest.

DATA AVAILABILITY STATEMENT
The data that support the findings of this study are available from the corresponding author
upon reasonable request.

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

ORCID

Emily J. Roberts-Tyler (© https://orcid.org/0000-0001-6055-0475
Richard Watkins (© http://orcid.org/0000-0001-9584-0747

J. Carl Hughes © http://orcid.org/0000-0001-7130-7286
Richard P. Hastings © http://orcid.org/0000-0002-0495-8270
David Gillespie = http://orcid.org/0000-0002-6934-2928

85U807 SUOWIWOD 3A1ER.ID 3(ceoljdde auy A peuenob aJe ssjo e O ‘88N JO Sa|nJ 10} Afeiqi8UlUO AB|IM UO (SUORIPUOD-pUe-SWS}/WI0D" A3 1M ARe.q 1l juo//:SANY) SUORIPUOD PUe SWi | U188 *[£202/€0/yz] Uo AriqiTaulluO A8 |IM ‘1591 Aq ZTEET BIG/TTTT 0T/10p/W00 A8 | 1M Areiq 1 BuljUO'S UINO[-eseq/Sd1y WOy pepeo|umoq ‘0 ‘SES8L9YT


https://orcid.org/0000-0001-6055-0475
https://orcid.org/0000-0001-6055-0475
http://orcid.org/0000-0001-9584-0747
http://orcid.org/0000-0001-9584-0747
http://orcid.org/0000-0001-7130-7286
http://orcid.org/0000-0001-7130-7286
http://orcid.org/0000-0002-0495-8270
http://orcid.org/0000-0002-0495-8270
http://orcid.org/0000-0002-6934-2928
http://orcid.org/0000-0002-6934-2928

British J I of
22 | E;Iu::satio%irln'lee:hnology ROBERTS-TYLER ET AL.

REFERENCES

Abrami, P. C., Lysenko, L., & Borokhovski, E. (2020). The effects of ABRACADABRA on reading outcomes: An
updated meta-analysis and landscape review of applied field research. Journal of Computer Assisted Learn-
ing, 36, 1-20. https://doi.org/10.1111/jcal. 12417

Bishop, M., & Santoro, L. E. (2006). Evaluating beginning reading software for at-risk learners. Psychology in the
Schools, 43, 57-70. https://doi.org/10.1002/pits.20129

Blakely, M. R. (2001). A survey of levels of supervisory support and maintenance of effects reported by educators
involved in direct instruction implementation. Journal of Direct Instruction, 1, 73-83.

Blok, H., Oostdam, R., Otter, M. E., & Overmaat, M. (2002). Computer-assisted instruction in support of
beginning Reading instruction: A review. Review of Educational Research, 72(1), 101-130. https://doi.
org/10.3102/00346543072001101

Buzhardt, J., Greenwood, C. R., Abbott, M., & Tapia, Y. (2006). Research on scaling up evidence-based instructional
practice: Developing a sensitive measure of the rate of implementation. Education Technology Research and
Development, 54, 467—492. https://doi.org/10.1007/s11423-006-0129-5

Cheung, A. C. K., & Slavin, R. E. (2012). How features of educational technology applications affect student reading
outcomes: A meta-analysis. Educational Research Review, 7(3), 198-215.

Clarfield, J., & Stoner, G. (2005). The effects of computerized Reading instruction on the academic performance of
students identified with ADHD. School Psychology Review, 34(2), 246-254. https://doi.org/10.1080/0279601
5.2005.12086286

Coyne, M. D., Kame'enui, E. J., & Simmons, D. C. (2004). Improving beginning Reading instruction and intervention
for students with LD: Reconciling “all” with “each”. Journal of Learning Disabilities, 37(3), 231-239. https://doi.
org/10.1177/00222194040370030801

Durlak, J. A., & DuPre, E. P. (2008). Implementation matters: A review of research on the influence of implementa-
tion on program outcomes and the factors affecting implementation. American Journal of Community Psychol-
ogy, 41, 327-350. https://doi.org/10.1007/s10464-008-9165-0

Elish-Piper, L., & L'Allier, S. K. (2011). Examining the relationship between literacy coaching and student Reading
gains in grades K-3. The Elementary School Journal, 112(1), 83—-106. https://doi.org/10.1086/660685

Gallagher, E., Bones, R., & Lombe, J. (2006). Precision teaching and education: Is fluency the missing link between
success and failure? Irish Educational Studies, 25(1), 93—105. https://doi.org/10.1080/03323310600597642

Grindle, C. F., Hughes, J. C., Saville, M., Huxley, K., & Hastings, R. P. (2013). Teaching early reading skills to
children with autism using mimiosprout early reading. Behavioral Interventions, 28, 203—224. https://doi.
org/10.1002/bin.1364

Grindle, C. F., Murray, C., Hastings, R. P., Bailey, T., Forster, H., Taj, S., Paris, A., Lovell, M., Brown, F. J., &
Hughes, J. C. (2021). Headsprout early Reading for children with severe intellectual disabilities: A single blind
randomised controlled trial. Journal of Research in Special Educational Needs, 21, 334-344.

Gulliford, A., Walton, J., Allison, K., & Pitchford, N. J. (2021). A qualitative investigation of implementation of
app-based maths instruction for young learners. Educational and Child Psychology, 38, 90—108.

Higgins, S. E., Xiao, Z., & Katsipataki, M. (2012). The Impact of Digital Technology on Learning: A Summary for the
Education Endowment Foundation. Retrieved May, 2020, from https://educationendowmentfoundation.org.uk/
evidence-summaries/evidence-reviews/digital-technology/

Huffstetter, M., King, J. R., Onwuegbuzie, A. J., Schneider, J. J., & Powell-Smith, K. A. (2010). Effects of a
computer-based reading program on the early reading and oral language skills of at-risk preschool children.
Journal of Education for Students Placed at Risk, 15, 279-298.

Joyce, B., & Showers, B. (1995). Student achievement through staff development: Fundamentals of school renewal
(2nd ed.). Longman.

Kerres, M., & Buchner, J. (2022). Education after the pandemic: What have we (not) learned about learning. Educa-
tion Sciences, 12, 315-323. https://doi.org/10.3390/educsci12050315

Kim, M. K., McKenna, J. W., & Park, Y. (2017). The use of computer-assisted instruction to improve the Read-
ing comprehension of students with learning disabilities: An evaluation of the evidence base according to
the what works clearinghouse standards. Remedial and Special Education, 38(4), 233—-245. https://doi.
org/10.1177/0741932517693396

Kinder, D., Kubina, R., & Marchand-Martella, N. E. (2005). Special education and direct instruction: An effective
combination. Journal of Direct Instruction, 5(1), 1-36.

Klingner, J. K., Vaughn, S., Hughes, M. T., & Arglelles, M. E. (1999). Sustaining research-based practices in read-
ing: A 3-year follow-up. Remedial and Special Education, 20(5), 263-274.

Kretlow, A. G., & Bartholomew, C. C. (2010). Using coaching to improve the fidelity of evidence-based practices: A
review of studies. Teacher Education and Special Education, 33(4), 279-299.

Kretlow, A. G., Cooke, N. L., & Wood, C. L. (2012). Using in-service and coaching to increase teachers' accurate
use of research-based strategies. Remedial and Special Education, 33(6), 348-361.

85U8017 SUOWIWOD A eI aqeal|dde aup Aq peusenob ae ssjonte O 9sn Jo Sa|n Joj Azeigi] 8UlUO 4|1/ UO (SUONIPUOD-PUe-SWLBI/LIOY A8 |IM" Ale.q 1 pul|uo//Sd1y) SuonIpuoD pue swie | 8y 89S *[£202/€0/y2] Uo Akeiqiauljuo A8|IM ‘seL AQ ZTEET ®IQ/TTTT 0T/10p/W0d A8 1M Aeiq 1 puljuo's euno-eJeq//sdny wouy pspeojumoq ‘0 ‘SES8.9YT


https://doi.org/10.1111/jcal.12417
https://doi.org/10.1002/pits.20129
https://doi.org/10.3102/00346543072001101
https://doi.org/10.3102/00346543072001101
https://doi.org/10.1007/s11423-006-0129-5
https://doi.org/10.1080/02796015.2005.12086286
https://doi.org/10.1080/02796015.2005.12086286
https://doi.org/10.1177/00222194040370030801
https://doi.org/10.1177/00222194040370030801
https://doi.org/10.1007/s10464-008-9165-0
https://doi.org/10.1086/660685
https://doi.org/10.1080/03323310600597642
https://doi.org/10.1002/bin.1364
https://doi.org/10.1002/bin.1364
https://educationendowmentfoundation.org.uk/evidence-summaries/evidence-reviews/digital-technology/
https://educationendowmentfoundation.org.uk/evidence-summaries/evidence-reviews/digital-technology/
https://doi.org/10.3390/educsci12050315
https://doi.org/10.1177/0741932517693396
https://doi.org/10.1177/0741932517693396

IMPLEMENTATION SUPPORT AND OUTCOMES OF AN ONLINE N
EARLY READING PROGRAMME et e cAnology 23

Kretlow, A. G., Wood, C. L., & Cooke, N. L. (2011). Using in-service and coaching to increase kindergarten teachers'
accurate delivery of group instructional units. The Journal of Special Education, 44(4), 234—246.

Kulik, C. C., & Kulik, J. A. (1991). Effectiveness of computer-based education in elementary schools. Computers in
Human Behavior, 7, 75-94.

Layng, T. V. J., Twyman, J. S., & Stikeleather, G. (2003). Headsprout early Reading: Reliably teaching children to
read. Behavioral Technology Today, 3, 7-20.

McCollum, J. A., Hemmeter, M. L., & Hsieh, W.-Y. (2013). Coaching teachers for emergent literacy instruction
using performance-based feedback. Topics in Early Childhood Special Education, 33(1), 28-37. https://doi.
org/10.1177/0271121411431003

McDowell, C., & Keenan, M. (2001). Cumulative dysfluency: Still evident in our classrooms, despite what we know.
Journal of Precision Teaching and Celeration, 17, 1-6.

Mortensen, B., & Witt, J. (1998). The use of weekly performance feedback to increase teacher implementation of a
prereferral academic intervention. School Psychology Review, 27, 613-627.

National Reading Panel. (2000). Teaching children to read: An evidence-based assessment of the scientific
research literature on reading and its implications for reading instruction. National Institute for child health and
development.

Neufeld, B., & Roper, D. (2003). Coaching: A strategy for developing instructional capacity: Promises and practi-
calities. The Aspen Institute Program on Education. Retrieved May, 2020, from https://www.aspeninstitute.org/
publications/coaching-strategy-developing-instructional-capacity-promises-and-practicalities/

Noell, G. H., Witt, J. C., Slider, N. J., Connell, J. E., Gatti, S. L., Williams, K. L., Koenig, J. L., Resetar, J. L., & Duhon,
G. J. (2005). Treatment implementation following behavioral consultation in schools: A comparison of three
follow-up strategies. School Psychology Review, 34, 87—106.

Outhwaite, L. A., Gulliford, A., & Pitchford, N. J. (2019). A new methodological approach for evaluating the impact of
educational intervention implementation on learning outcomes. International Journal of Research and Method
in Education, 43, 225-242. https://doi.org/10.1080/1743727X.2019.1657081

Owen, K. L., Hunter, S. H., Watkins, R. C., Payne, J. S., Bailey, T., Gray, C., Hastings, R. P., & Hughes, J. C. (2021).
Implementation support improves outcomes of a fluency-based mathematics strategy: A cluster-randomized
controlled trial. Journal of Research on Educational Effectiveness, 14(3), 523-542. https://doi.org/10.1080/19
345747.2021.1875526

Pennington, R. C. (2010). Computer-assisted instruction for teaching academic skills to students with autism Spec-
trum disorders: A review of literature. Focus on Autism and Other Developmental Disabilities, 25(4), 239-248.
https://doi.org/10.1177/1088357610378291

Roberts-Tyler, E. J., Hughes, J. C., & Hastings, R. P. (2020). Evaluating a computer-based reading programme with
children with intellectual disabilities: Feasibility and pilot research. Journal of Research in Special Educational
Needs, 20, 14-26. https://doi.org/10.1111/1471-3802.12458

Rose, J. (2006). Independent review of the teaching of early reading. Department for Education and Skills.

Rose, J. (2009). Independent review of the primary curriculum: Final report. Department for Education.

Savage, R., Abrami, P. C., Piquette, N., Wood, E., Deleveaux, G., Sanghera-Sidhu, S., & Burgos, G. (2013). A
(pan-Canadian) cluster randomized control effectiveness trial of the ABRACADABRA web-based literacy
program. Journal of Educational Psychology, 105(2), 310-328. https://doi.org/10.1037/a0031025

Savage, R. S., Erten, O., Abrami, P. C., Hipps, G., Comaskey, E., & van Lierop, D. (2010). ABRACADABRA in the
hands of teachers: The effectiveness of a web-based literacy intervention in grade 1 language arts programs.
Computers and Education, 55(2), 911-922. https://doi.org/10.1016/j.compedu.2010.04.002

Schechter, R. L., Elizabeth, R., Kazakoff, E. R., Bundschuh, K., Prescott, J. E., Paul Schieffer, C., Marchand-Martella,
N. E., Martella, R. C., Simonsen, F. L., & Waldron-Soler, K. M. (2002). An analysis of the Reading mastery
program: Effective components and research review. Journal of Direct Instruction, 2, 87-119.

Snowling, M. J., Stothard, S. E., Clarke, P., Bowyer-Crane, C., Harrington, A., Truelove, E., & Hulme, C. (2009). York
assessment of reading for comprehension. GL Assessment.

Storey, C., McDowell, C., & Leslie, J. C. (2017). Evaluating the efficacy of the Headsprout© reading program with
children who have spent time in care. Behavioral Interventions, 32, 285—-293. https://doi.org/10.1002/bin.1476

Theis, N., Campbell, N., De Leeuw, J., Owen, M., & Schenke, K. C. (2021). The effects of COVID-19 restrictions on
physical activity and mental health of children and young adults with physical and/or intellectual disabilities.
Disability and Health Journal, 14(3), 101064. https://doi.org/10.1016/j.dhjo.2021.101064

Twist, L., Jones, E., & Treleaven, O. (2022). The impact of Covid-19 on pupil attainment. NFER.

Twyman, J. S, Layng, T. V. J,, & Layng, Z. R. (2011). The likelihood of instructionally beneficial, trivial, or negative
results for kindergarten and first grade learners who complete at least half of Headsprout early Reading.
Behavioral Technology Today, 6, 1-19.

Tyler, E., Hughes, J., Beverley, M., & Hastings, R. (2015). Improving early reading skills for beginning readers using
an online programme as supplementary instruction. European Journal of Psychology of Education, 30(3),
281-294. https://doi.org/10.1007/s10212-014-0240-7

85U807 SUOWIWOD 3A1ER.ID 3(ceoljdde auy A peuenob aJe ssjo e O ‘88N JO Sa|nJ 10} Afeiqi8UlUO AB|IM UO (SUORIPUOD-pUe-SWS}/WI0D" A3 1M ARe.q 1l juo//:SANY) SUORIPUOD PUe SWi | U188 *[£202/€0/yz] Uo AriqiTaulluO A8 |IM ‘1591 Aq ZTEET BIG/TTTT 0T/10p/W00 A8 | 1M Areiq 1 BuljUO'S UINO[-eseq/Sd1y WOy pepeo|umoq ‘0 ‘SES8L9YT


https://doi.org/10.1177/0271121411431003
https://doi.org/10.1177/0271121411431003
https://www.aspeninstitute.org/publications/coaching-strategy-developing-instructional-capacity-promises-and-practicalities/
https://www.aspeninstitute.org/publications/coaching-strategy-developing-instructional-capacity-promises-and-practicalities/
https://doi.org/10.1080/1743727X.2019.1657081
https://doi.org/10.1080/19345747.2021.1875526
https://doi.org/10.1080/19345747.2021.1875526
https://doi.org/10.1177/1088357610378291
https://doi.org/10.1111/1471-3802.12458
https://doi.org/10.1037/a0031025
https://doi.org/10.1016/j.compedu.2010.04.002
https://doi.org/10.1002/bin.1476
https://doi.org/10.1016/j.dhjo.2021.101064
https://doi.org/10.1007/s10212-014-0240-7

British Journal of
24 Educational Technology ROBERTS-TYLER ET AL.

Tyler, E. J., Hughes, J. C., Wilson, M. M., Beverley, M., Hastings, R. P., & Williams, B. M. (2015). Teaching early Read-
ing skills to children with intellectual and developmental disabilities using computer-delivered instruction: A pilot
study. Journal of International Special Needs Education, 18(1), 1-11. https://doi.org/10.9782/2159-4341-18.1.1

Tyler, E. J., Watkins, R. C., Roberts, S. E., Hoerger, M., Hastings, R. P., Hulson-Jones, A. L., & Hughes, J. C. (2019).
The collaborative Institute for Education Research, evidence and impact: A case study in developing regional
research capacity in Wales. Wales Journal of Education, 21(1), 89—108. https://doi.org/10.16922/wje.21.1.6

Welsh Government. (2013). National Literacy and numeracy framework. Author.

Welsh Government. (2014). Qualified for life. Author.

Welsh Government. (2015). Effective use of data and research evidence. Author.

Whitcomb, S. A,, Bass, J. D., & Luiselli, J. K. (2011). Effects of a computer-based early reading program (Head-
sprout) on word list and text reading skills in a student with autism. Journal of Physical and Developmental
Disabilities, 23, 491-499. https://doi.org/10.1007/s10882-011-9240-6

Yoon, K. S., Duncan, T., Lee, S. W.-Y., Scarloss, B., & Shapley, K. (2007). Reviewing the evidence on how teacher
professional development affects student achievement (issues & answers report, REL 2007-No. 033). U.S.
Department of Education, Institute of Education Sciences, National Center for Education Evaluation and
Regional Assistance, Regional Educational Laboratory Southwest. http://ies.ed.gov/ncee/edlabs

SUPPORTING INFORMATION
Additional supporting information can be found online in the Supporting Information section
at the end of this article.

How to cite this article: Roberts-Tyler, E. J., Roberts, S. E., Watkins, R., Hughes,
J. C., Hastings, R. P., & Gillespie, D. (2023). Effects of implementation support

on children's reading outcomes following an online early reading programme: A
cluster-randomised controlled trial. British Journal of Educational Technology, 00,
1-24. https://doi.org/10.1111/bjet. 13312

851017 SUOWILLOD BARERID) d(qedljdde L Aq peuseoh afe s3I YO (8N JO S3INJ 104 ARIGIT BUIIUO AB]IM UO (SUORIPUOD-PUR-SWIRILIOY B 1M ARed1)BUTJUO//SARY) SUORIPUOD PUe SWR L 8L3 89S *[£202/€0/12] U0 AriqIT aulluO AB|IM 9 L AQ ZTEET B IA/TTTT OT/I0p/w0d A8 IM AReiq 1 [pul|UOS [pUINO *eeq/SdY o1y pepeoiumod ‘0 ‘SES8LoYT


https://doi.org/10.9782/2159-4341-18.1.1
https://doi.org/10.16922/wje.21.1.6
https://doi.org/10.1007/s10882-011-9240-6
http://ies.ed.gov/ncee/edlabs
https://doi.org/10.1111/bjet.13312

	Effects of implementation support on children's reading outcomes following an online early reading programme: A cluster-randomised controlled trial
	Abstract
	INTRODUCTION
	Implementation conditions and outcomes of educational interventions
	Implementation of educational technology applications
	Headsprout Early Reading

	METHOD
	Schools and learners
	School recruitment
	Learner selection and recruitment

	Design
	Measures
	Reading outcomes
	Monitoring implementation
	Confidence following training

	Procedure
	
            Pre-randomisation
	Staff training
	Support models
	ISG support visits
	SSG support
	Programme delivery
	
              Post-test measures



	RESULTS
	Analysis
	Baseline data
	Numbers analysed
	Outcomes and estimation
	Exploratory post-hoc analysis
	Staff confidence following training

	DISCUSSION
	Limitations and future considerations
	Model of training and intervention delivery
	Model of implementation support


	CONCLUSION
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT
	ETHICS STATEMENT
	ORCID
	REFERENCES
	SUPPORTING INFORMATION


