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Research evaluating phonics reading programs for
children with severe intellectual disabilities (ID) is
limited. The current study investigated whether
using an online reading program (Headsprout�

Early Reading; HER) as supplementary reading
instruction for children with a severe ID leads to
improvements in reading skills as compared to
children not receiving this additional instruction.
Fifty-five children from a special school were ran-
domly allocated into the HER group or a waiting list
control group. For six months, children in the inter-
vention group received HER as supplementary
instruction, whereas children in the control group
received only reading as usual’ teaching. Pre- and
post-intervention tests on standardised reading
measures were conducted. Analysis of data from
outcome measures indicated that the HER group
made improvements at post-intervention in com-
parison with the control group, with medium effect
sizes on two domains from the main outcome mea-
sure. These results support the case for a larger
research trial of HER for children with severe ID.

Introduction
Children with intellectual disabilities (ID) can experience
significant delays in reading development, and many do
not go on to acquire functional reading skills (Ratz and
Lenhard, 2013). Failing to develop reading proficiency
can have a negative impact on other academic, vocational
and life skills (Nally et al., 2018), impeding a person’s
access to inclusive settings. Researchers have examined
three research foci to date: (1) implementing pre-existing
reading curricula for neurotypical children but with modi-
fications to meet the needs of children with ID, (2)

creating new comprehensive curricula and (3) creating
targeted interventions for a specific skill difficulty.

For example, Mathes and Torgesen (2005) extended an
existing curriculum, Early Interventions in Reading. This
was a 240-lesson curriculum for neurotypical learners
adapted by adding a new level targeting reading prerequi-
sites for students with ID. The intervention contained sev-
eral of the elements of effective instruction: phonemic
awareness, fluency and comprehension (National Reading
Panel, 2000), and incorporated explicit, systematic
instruction with modelling and frequent opportunities to
respond. Allor et al. (2010) evaluated this approach with
28 children with moderate ID, randomly assigned to inter-
vention or control groups. The students in the interven-
tion group received daily instruction for approximately
40 min per session, whereas students in the control group
received ‘teaching as usual’. Students in the intervention
group outperformed the control group on outcome mea-
sures, with consistently large effect sizes.

The Early Literacy Skills Builder (ELSB; Browder et al.,
2007) is an example of a new comprehensive reading cur-
riculum designed for students with severe ID. It combines
basic literacy skills and phonemic awareness activities to
teach skills that lead into a phonics-based program. Brow-
der et al. (2007) evaluated the impact of the ELSB with
23 students with severe ID. Twelve students in a control
group received ‘teaching as usual’ instruction based on a
sight word curriculum (Edmark: Austin and Boekman,
1990). Eleven students in the intervention group received
the ELSB intervention. Gains on research team-designed
measures of early literacy indicated that students who
received the ELSB curriculum learned significantly more
reading skills than those in the control group. In terms of
focussed skills, other research groups have developed tar-
geted interventions for skill instruction such as decoding
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strategies (Tucker Cohen et al., 2008) and letter-sound
correspondence and blending (Waugh et al., 2009).

Instructional practices incorporating explicit, systematic
instruction, with modelling and frequent opportunities to
respond, feature prominently in these three types of
research on teaching children with ID to read, suggesting
that explicit instruction may provide a strong foundation
for evidence-based reading instruction for children with
ID (Browder et al., 2006, 2009). However, individuals
providing the instruction in research were typically highly
trained and experts in the specific instructional proce-
dures. This may limit the wide-spread adoption of these
teaching practices where access to experts in reading
instruction may be limited.

Computer-assisted instruction (CAI) may be one way that
teachers and teaching assistants who are not extensively
trained in evidence-based reading interventions may be
able to support children’s learning without other expert
support. Pennington (2010) reviewed research using CAI
to teach academic skills to students with autism and con-
cluded that CAI was an effective intervention for teaching
reading with this population. Pennington acknowledged
that although educational software packages are increas-
ingly being used by teachers in everyday school settings,
there is a scarcity of research evaluating these programs.
Pennington also lamented the lack of robust experimental
designs being used in these research studies.

There are several reasons why CAI may facilitate the
learning of reading for children with ID. Macaruso et al.
(2006) suggested that CAIs are well-placed to provide
teaching material matched to students’ current levels in a
highly motivating manner. Silver and Oakes (2001) have
also suggested that CAI can deliver instruction in a uni-
form, consistent way that may promote greater efficiency
of learning for students. Grindle et al. (2013) also argued
that students with ID may find it difficult to discriminate
relevant information in a learning situation (Baranek,
2002) and that concentrating on a computer screen during
CAI, where minimal, pertinent, information is presented,
may help to overcome these problems. Considering the
potential benefits of CAI and the number of available
software programs (Pennington, 2010), it seems impera-
tive that these programs be evaluated for use with chil-
dren with ID.

Headsprout� Early Reading
Headsprout� Early Reading (HER) is an Internet-based
reading program that teaches reading through phonics,
focussing its instruction on phonemic awareness,
grapheme-phoneme correspondence, and blending sounds
to decode words phonetically, and incorporating elements
of vocabulary, fluency and comprehension (Layng et al.,
2004). HER is based on discovery learning principles,
using a mixture of explicit instruction and engineered dis-
covery (Layng et al., 2004). HER contains 80 20-minute

episodes with instruction presented in frames, where each
frame is a different illustrated screen with a learning
objective, requiring an active response on the part of the
student. It takes the form of a game, with characters and
appealing animations. HER begins at a basic level and
gradually increases in difficulty. Errors are kept to a mini-
mum as the instruction adapts based on the child’s
responses. The child experiences a high rate of correct
responding and positive feedback. Children are also
required to practice skills until they perform them at mas-
tery level (Twyman et al., 2012).

HER was initially developed as an individualised reading
intervention for neurotypical learners who were struggling
with learning to read, and it has performed favourably in
several research studies with this population (Huffstetter
et al., 2010; Twyman et al., 2011; Tyler et al., 2015a;).
An emerging body of research implementing HER (with
some adaptations) has focussed on meeting the needs of
students with ID. For example, Grindle et al. (2013)
investigated the feasibility of using HER with four chil-
dren with autism and the adaptations needed to support
their progression through the program. All four partici-
pants were able to complete the 80 HER episodes and
demonstrated increases in standardised tests of reading
that were maintained at 8-week follow-up.

Research has also evaluated using HER with students
with mild or moderate ID. In one study, six students aged
between 7 and 14 years completed all 80 HER episodes
over 13–21 months. (Tyler et al., 2015b). One-to-one
adult support to provide encouragement was used during
episodes, as were frequency-building exercises to accom-
pany the online sessions. All students improved their
scores on standardised measures of phonemic awareness,
nonsense word decoding and word recognition skills.

One recent study has also investigated feasibility ques-
tions related to conducting a full-scale randomised con-
trolled trial (RCT) evaluation of HER (Roberts-Tyler
et al., 2019). Employing a pilot randomised pre-test post-
test group design with 26 students with ID, the research-
ers found that HER had a significant effect on reading
skills when compared with ‘reading as usual’ with large
effect sizes on the main outcome measure. A lack of
information about reading education as usual for the three
schools involved in the study limited conclusions about
the effects of the intervention in comparison with the
reading education that children in the control group
received.

There are some research areas where greater clarity is
needed. First, the evidence base focusses predominantly
on studies with small participant numbers and lack of
robust experimental designs. The absence of experimental
control in existing studies is limiting. Second, existing
studies on using HER with students with ID have typi-
cally included participants with mild or moderate ID.
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Thus, it would be beneficial to evaluate HER in terms of
its potential for teaching students with severe ID to read.
Third, HER has typically been evaluated with students
with ID supported by well trained, regularly supervised
staff, and when the intervention is delivered with fidelity.
Real-world conditions (e.g. with non-specialists delivering
the intervention with minimal supervision from the
research team) may pose a challenge to the effectiveness
of HER.

Our aims were to evaluate HER with a reasonably large
cohort of students with severe ID including associated
conditions such as autism, adopting a randomised con-
trolled trial design, and by training teachers and teaching
assistants to implement HER in a special school setting
with minimal ongoing supervision from the research
team.

Method
Approval for this study was sought and obtained from the
Psychology Research Ethics Committee at Bangor
University.

Design overview
Fifty-five students who attended a school for children
with a severe ID were randomly assigned to a HER group
(supplemental instruction using HER) or a waiting list
control group. Students in the control group received only
the standard reading provision offered by the school
(Reading as Usual). Assessments of the students’ reading
skills were undertaken at two data collection points: prior
to intervention (baseline) and again seven months post-
randomisation.

Setting and participants
The study took place in a large special school in the UK.
At the time of the study, 385 students with severe ID
were enrolled at the school. Of the 55 students, 21 were
in elementary education classes (age 5�11), 30 in sec-
ondary education classes (age 11–16) and four were in
post-16 education (aged 16–19). All students regardless
of age used the same program in which cartoon characters
appear in the online episodes. This was considered appro-
priate as other research had found no negative aspects to
the child-friendly design of HER when it was imple-
mented with older teenagers (Tyler et al., 2015b) and
with adults (O’Sullivan et al., 2017) with ID.

Twelve students had a diagnosis of an autism spectrum
disorder (ASD) alongside their severe ID. In the UK, the
diagnosis of severe ID is identified by the Local Educa-
tion Authority based on the primary needs of the student
stated in their Education and Health Care Plan (EHCP).
The EHCP is a legal document that describes a young
person’s special educational, health and social care needs.
Generally speaking, for a student to be identified as hav-
ing a ‘severe’ ID, they would need to have at least some
of, but not all of, the following described in their EHCP:

(1) little or no speech, (2) finds it very difficult to learn
new skills, (3) needs support with daily activities such as
dressing, washing, eating and keeping safe, (4) has very
limited social skills and (5) likely to need life-long sup-
port.

Descriptive information about students in the two study
arms is provided in Table 1. Twenty-seven students (the
HER group) were supported to access HER either in a
separate room or in a quiet corner of their classroom. The
remaining 28 students (the control group) received Read-
ing as Usual instruction within their classrooms.

All students had received the typical reading instruction
offered by the school prior to the study and had been
identified by their class teachers as requiring additional
support with learning how to read. No student selected
for the study was able to decode phonemes (the sounds)
that made up a word. That is, they either were not able to
expressively ‘sound out’ the phonemes that made up a
word to read a whole word, or they were not able to
receptively identify the correct phonemes to compose a
required target word. For example, when asked, ‘make /
cat/’ when the phoneme cards ‘/c/a/t/’ were arranged in a
random array on the table in front of them, they could
not move the phoneme cards to make the whole word.

Inclusion criteria were (a) ability to sit at a computer for
a period of time (up to 10 min), (b) understanding and
following one- or two-step instructions (e.g. ‘clap hands,
and turn around’) and (c) ability to respond to feedback
(praise or correction). As participants had severe ID, they
were eligible for the study if they could a) imitate at least
10 different spoken sounds or words and b) make at least
10 self-initiated vocalisations across the day using single
words (i.e. speaking in short phrases or sentences was not
required). Students were selected for the study if they met
the inclusion criteria and if the class teachers confirmed
that the content of HER was consistent with their literacy
goals as stated on their Individualised Education Plan (in

Table 1: Participant characteristics

Variable
HER group
(n = 27)

Reading as usual
group (n = 28)

Gender

Male 19 19

Female 8 9

Main diagnosis

Severe ID 21 22

Severe ID and ASD 6 6

Age in months

Range 66–207 67–200

Months 135 144

SD 41 35.5
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the UK, as stated on their Education and Health Care
Plan (their EHCP).

Materials
A desktop or laptop computer with Internet access to
HER was used. Dual headphone adapters (‘headphone
splitters’) that allowed two headphone sets to be con-
nected through to one audio source were also required.
This allowed a supporting adult to listen in on the stu-
dent’s progress.

HER instructional components were (1) 80 online epi-
sodes (episodes) each of approximately 15–20 min in
length, (2) Printable ‘Sprout Stories’ at the end of each
episode, (3) ‘Sprout Cards’ (about 100 printable flash
cards of sounds and words taught in the program) and (4)
Progress Maps and Stickers (so students could mark off
each completed episode). Licences for all students also
allowed access to progress reports and further information
on implementation (Headsprout Early Reading Teacher’s
Guide, 2010).

Recruitment, randomisation and blinding procedure
Fifty-seven students were identified by classroom teachers
as meeting the inclusion criteria for the study. Parents of
these students were sent a letter informing them about the
aims of the study and about our intention to randomly
allocate students into a HER intervention group or a wait-
ing list control group receiving Reading as Usual. The
study information sheet also explained to parents that stu-
dents in the control group would receive the HER inter-
vention during the following school year from teaching
staff who would be trained by the research team during
the course of the project. Fifty-five parents consented to
their child’s participation in the study, and following this,
students were pre-tested on the standardised outcome
measures. The pre-tests were carried out by the first, fifth
and sixth authors.

A randomisation protocol was created for the needs of
the study by the third author. The students attended 13
different classes within the school, and it was important
for practical reasons that not too many students in any
one class received the HER intervention at the same time.
This was because the intervention required the students to
be supported by the teaching assistants working in each
class, and this would affect the staff-to-students ratio.
Therefore, three balancing variables were used for ran-
domisation: the class in which the students were enrolled,
their gender and whether they had severe ID vs. severe
ID with ASD. Students were allocated on a 1:1 basis to
the two arms of the trial using the free-to-access Minim
software that uses a dynamic allocation method to ensure
balance between groups. Twenty-seven students were
allocated to the HER intervention group and 28 to the
control group. A consort style diagram summarising the
design is presented in Figure 1.

At seven months post-randomisation (designed to be at
the end of the planned intervention period), 52 students
were again tested on the same standardised measures (3
students had left the school mid-way through the inter-
vention period and were not available for the post-test).
The post-tests were completed by master level trained stu-
dents who had used the assessments in previous research
studies. These assessors were not otherwise involved with
the study, worked independently from the school and had
no access to any intervention reports or data. Further,
they were not informed of children’s group status and so
remained blind to allocation.

Measures

Reading and early literacy skills. The Dynamic
Indicators of Basic Early Literacy Skills 6th Edition
(DIBELS; Good and Kaminski, 2007) and the Word
Recognition and Phonics Skills Test (WRAPS; Carver
and Moseley, 1994) were used as outcome measures.
These norm referenced instruments were chosen for their
good psychometric properties and their use in published
outcome studies on reading including with students with
ID (e.g. Grindle et al., 2013; Tyler et al., 2015b).
Measures were also selected on the basis that most could
be accessed by students with limited vocal ability.

Students in this study had reading skills well below aver-
age for their age or no reading skills. Thus, all students
were assessed using subtests from the DIBELS Kinder-
garten Benchmark Assessment. This assessment evaluates
prerequisites for early reading that can be measured
before a child learns to read, including a child’s knowl-
edge of letters and the awareness of speech sounds in
words. The DIBELS Kindergarten assessment consists of
five subtests: (1) the Initial Sound Fluency (ISF) measure
that assesses the child’s ability to identify and isolate the
first sound of an orally presented word. This subtest does
not require a vocal response as the assessor produces a
sound and the child has to identify (either point to or say)
which of four pictures begin with that sound; (2) the Let-
ter Naming Fluency (LNF) measure that assesses the
child’s ability to label letter names (if the child produced
the letter sound rather than the letter name this was
scored as incorrect); (3) the Phonemic Segmentation Flu-
ency (PSF) measure that assesses a child’s ability to seg-
ment three and four phoneme words into their individual
phonemes (e.g. being told the word ‘mop’ and being able
to identify that the sounds in the word are ‘m-o-p’); (4)
the Nonsense Word Fluency (NWF) measure that assesses
alphabetic principle skills (i.e. the ability to know that let-
ters represent sounds in words and that letter sounds can
be blended together to read/ decode words); and (5) the
Word Use Fluency (WUF) measure that assesses expres-
sive vocabulary skills (i.e. the ability to use words to con-
vey a specific meaning for a particular label or word by
putting a word into a short phrase or sentence). The
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child’s score for each subtest was how many correct
responses they provided in one minute.

The LNF, the PSF and the NWF require some individual
sound or single word verbal responses from children but
do not require speaking in short phrases or sentences.
These subtests were considered appropriate to use with
the students as the response requirements matched the
vocal ability eligibility criterion used. Although the WUF
measure requires a student to put a named word into a
short phrase or sentence (e.g. if told the word ‘green’, the
student responds with ‘grass is green’ or ‘green grass’),
based on their knowledge of student vocal ability and
understanding, class teachers confirmed that the students
would be able to access this DIBELS sub test.

The Word Recognition and Phonic Skills assessment
(WRAPS; Carver and Mosely, 1994) is a standardised
measure that assesses students’ developing word recogni-
tion skills and does not require a vocal response. The stu-
dent is read a word, and the word is repeated again in a
sentence (e.g. ‘Orange’, ‘The Orange that we eat’). The
student is then asked to choose the correct word in an
array of five words. The student’s total score is how
many words, from 50, they can correctly identify. The
WRAPS raw score was used. For students to achieve
high scores on the WRAPS, they need to show that they
can identify clusters and digraphs necessary for word
recognition.

Interventions

‘Reading as usual’. Students in the control group had
five 1-h session of literacy teaching per week as a part of
the typical literacy instruction in the school (i.e.
approximately 110 h of lesson time over the study
period). Typically, each literacy lesson started with

whole-class activities that focussed on teaching reading,
writing and/or oral communication. The students were
then divided into small groups (2–3 students) where they
engaged in a variety of literacy activities (e.g. writing
their name, sorting letter cards). Teachers embedded the
teaching of reading into their literacy lessons in a variety
of ways. Most included the teaching of reading into each
daily literacy session, but a few teachers allocated
specific times in the weekly timetable solely for teaching
reading (e.g. one 1-h reading slot per week or 15 min
every morning during timetabled ‘Basic Skills’ teaching).
Teachers had autonomy in deciding how and when to
teach reading to students in the school. The literacy co-
ordinator in the school estimated that reading instruction
occurred during at least half of the time designated for
the teaching of literacy (i.e. approximately 55 h of lesson
time), although no data were collected on this.

The school used a variety of different approaches to teach
reading. For students in the elementary department, the
‘Letters and Sounds’ program (Department for Education,
2007) was used. The Reading for Pleasure curriculum
(Atkinson, 2017; Department for Education, 2012) was
used for children in both elementary and secondary
departments. Finally, some students also followed the
‘Symbols Making Sense’ reading scheme. This scheme
comprises more than 40 books, ranging from Introductory
Book A (basic nouns in common use) to more complex
sentences, social stories and non-fiction; all supported by
simply drawn, colourful Widgit symbols that illustrate a
single concept in a clear and concise way (e.g. Shepherd-
Clarke, 2005).

HER intervention group. Students in the HER group
received Reading as Usual with supplemental instruction
using HER, or partial Reading as Usual with HER.
Usually, the HER sessions were timetabled to occur

Recruited: n=55
Pre-tested: n=55

Randomised n=55

Allocated to Headsprout group: n=27
Received individualised teaching for 6

months: n=26

Allocated to control group: n=28
Received reading as usual’’ teaching for 6

months: n=26

Post-testing at 7 months after randomisation: 
n=26

Analysis of pre-post- intervention scores: 
n=25

Excluded from analysis (left school): n=1 

Post-testing at 7 months after randomisation:
n=26

Analysis of pre-post- intervention scores: 
n=26

Excluded from analysis (left school): n=2 

Figure 1: Consort style diagram.
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during the literacy lessons. On these occasions, students
were taken out of the literacy lessons to receive HER,
thus missing out on at least part of the usual lesson.
When they had completed their HER session, however,
they would rejoin the class and, if the literacy lesson was
still ongoing, participate in the rest of the lesson.

During the HER sessions, the students were supported
either by a teaching assistant who worked in the child’s
class, by their class teacher or by the ‘learning mentor’ in
the school who had been allocated 1.5 days per week to
help support the HER intervention and run sessions with
the students. The literacy co-ordinator in the school was
also allocated at least one half day per week on her time-
table to help facilitate the intervention, although she
rarely carried out 1:1 sessions with the students.

Training. Training the school staff to implement the HER
intervention involved a number of steps. Initially, three
2-hr training sessions on the program were conducted by
the first author with two staff members in the school (the
literacy co-ordinator and the learning mentor) who had
been allocated the role of Headsprout coaches in the
school. It was intended that the Headsprout coaches be
trained up to a high degree of expertise so that they could
train other staff in the school on HER and offer ongoing
support (using a ‘train the trainer’ model), thus helping to
build long term sustainability of HER implementation in
the school after the cessation of the study. Headsprout
coaches received some ongoing mentoring and
supervision throughout the study period from the first
author. Meetings were held at least once every four
weeks to discuss implementation issues, including
strategies that might be helpful for individual children
who were struggling to progress through the online
episodes.

After the Headsprout coaches had received training, the
first author and the coaches conducted a training session
with all the teachers and teaching assistants in the school
who were going to deliver the intervention (hereafter:
instructors). This took place in a weekly ‘twilight’ after
school training slot of 1-hr duration. During this training,
(1) key features of the program were briefly described,
(2) instructors were shown how to navigate the HER
webpage, and (3) instructors were told how to effectively
support students with the program (e.g. that children
should do a minimum of three sessions a week, that stu-
dents should ‘speak out loud’ when required to do so by
the program). Instructors were given written resources
summarising the training.

There were also opportunities for ongoing help and sup-
port throughout the study. Headsprout coaches scheduled
frequent observations of HER teaching sessions to ensure
that procedures were implemented in a consistent fashion.
They provided feedback regarding how the instructors
were supporting students and provided further advice

where necessary (e.g. how to deliver appropriate prompts
to students). If children did not make expected progress,
the Headsprout coaches discussed the issues with the first
author in their regular meetings and requested that the
first author carry out an observation to provide additional
feedback. This was rarely considered necessary.

Teaching procedure. The teaching procedure adopted
was similar to that described in Grindle et al. (2013) and
Tyler et al. (2015b) Students had to demonstrate
proficiency with basic computer skills such as clicking
and dragging with the mouse as well as following simple
instructions delivered by the computer, before beginning
episode 1 of HER where these skills would be utilised.
Progress data were collected automatically by HER, and a
mastery criterion of 90% correct was required on each
online episode before moving on to the next episode.
After completing episodes, students were required to read
the Sprout Story booklets without hesitation (as per the
HER implementation guidelines) before students could
progress with the online tuition. It was also emphasised
during training that instructors could use the Sprout
stories, the Sprout cards, and the progress maps and
stickers to help support students’ progress through the
online episodes.

Some students struggled to stay on task for the 20-min
duration of one online episode. For these students, epi-
sodes were divided into two sessions (one in the morning
and one in the afternoon). Certain times of the day were
also associated with higher rates of off-task behaviour for
all students (e.g. the start or end of the school day, imme-
diately before lunch), so episodes were not completed at
these times. During each online episode, an instructor
familiar to the child sat next to them. It was important
that the data collected by the computer were based on the
child’s unprompted performance of reading ability, so
any prompts delivered by the instructor predominantly
consisted of reminders to attend to the computer screen
or to speak out loud when required to do so by the pro-
gram.

Reinforcement for correct responding was provided
within the program in the form of ‘gold stars’ which
could be traded in for cartoons or games on the HER
website. Many students enjoyed these activities and did
not require additional incentives. A few students required
additional reinforcers to maintain their motivation for
completing the episodes. Instructors were advised to use
a token system, where tokens were given to the child as
they engaged with the program and completed tasks.
These could then be exchanged at the end of the episode
for preferred items and activities.

Checking administration of outcome measures
All assessors exercised every caution to obtain reliable
and valid data. All assessments were administered in a
distraction free environment in the school (often using
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school office space, rather than a classroom). For 31% of
testing sessions (25% for WRAPS and 37% for DIBELS),
a second assessor scored the child’s performance. At
baseline, first and second assessors were members of the
research team; at post-test, they were working indepen-
dent of school and also blind to group status. Agreement
was calculated using a percentage agreement index
method (i.e. total agreements divided by the number of
agreements plus disagreements 9 100%). Inter-scorer
agreement averaged 99% (range 92–100%).

Analysis procedure
Data analysis compared the HER Intervention and Read-
ing as Usual groups post-intervention, adjusting for base-
line scores on the respective DIBELS and WRAPS
outcome measures as well as the prognostic factors
accounted for in the randomisation (gender, ASD or not,
and classroom). Classrooms were included in all models
as fixed effects (dummy-coded), due to a small number
(N = 13) of classes (McNeish and Stapleton, 2016), a
number of near-zero variances at the class-level when
random intercepts were initially specified for classes, and
an absence of predictors at the classroom level.

For each regression model, follow-up scores for the each
of the respective outcomes were the independent vari-
ables. These outcomes were adjusted for baseline scores,
alongside the three balancing variables from our randomi-
sation procedure, that is gender, diagnosis (with or with-
out ASD) and classroom. These regression models are
analytically equivalent to analysis of covariance
(ANCOVA) models when evaluating RCT outcomes. In
this study, data were counts (with the exception of Initial
Sound Fluency) and thus did not follow a normal (Gaus-
sian) distribution. Instead, cases where the mean and vari-
ance of the distribution was roughly equal followed a
Poisson distribution, whereas when variances were larger
than the mean (overdispersion) a negative binomial model
was applied (the Poisson and negative binomial models
are equivalent in the absence of any overdispersion). A
further correction can be made to this model to account
for excess zeros (known as a zero-inflated model).
Accordingly, the analysis approach offered greater flexi-
bility than an ANCOVA model, to account for the differ-
ent distributional characteristics of tested outcomes.

The type of regression models used in this study varied,
based on the distribution of the outcome variables. Three
of the outcome variables (namely Letter Naming Fluency,
Phoneme Segmentation Fluency, Nonsense Word Flu-
ency) were comprised of integer values ≥0, with overdis-
persion and a number of zero values. Accordingly, the
appropriate model to assess these three outcomes was a
zero-inflated negative binomial regression. The outcome
variable Word Use Fluency also had integer values ≥0
and overdispersion but had fewer zero values and was
therefore assessed with a negative binomial model (which
does not account for zero-inflation). WRAPS raw scores

(no overdispersion or zero integers) and Initial Sound
Fluency (continuous, non-integer values, ranging from 0
to 22.5) outcomes were assessed with Poisson and linear
regression models respectively.

Beta coefficients for all models are presented in their
exponentiated form (i.e. as incident rate ratios – IRRs),
with the exception of the linear regression analysis for
Initial Sound Fluency. These IRRs quantify the percent-
age change in the counts for a one-unit change in the pre-
dictor, holding the other variables constant. Effect sizes
for all models were estimated as standardised mean dif-
ferences (SMD; cf. Coxe, 2018). These effect sizes are
equivalent to Cohen’s (1988), yet accounting for
heteroscedasticity and overdispersion where appropriate,
quantifying the change (in standard deviation units) in the
outcome variable for every one-unit change in the predic-
tor variable.

Across all outcomes, the maximum number of missing
observations was three for the WRAPS raw score at six
month follow-up (5.45% of observations for that vari-
able), whilst five other variables had two missing obser-
vations at six month follow-up representing 3.64% of
observations for each of the variables. Analyses were thus
conducted based on the Intention to Treat (ITT) principle
and complete case analysis.

Results

Adherence
Our initial intent was for every child to have a minimum
of three intervention sessions per week (as per HER rec-
ommendations). However, adherence to this proposed
level of intervention intensity occurred for only five stu-
dents (19% of sample). Seventeen students completed on
average one episode a week (65% of sample), and four
students completed on average two episodes a week
(16%). Events such as school outings, staffing shortages
or a child in the classroom requiring extra attention fre-
quently resulted in teaching assistants and teachers not
being able to find the necessary time to implement the
HER intervention.

Distribution of students into study arms
As reported in Table 1, the randomisation protocol
resulted in approximately equal groups with respect to
gender and ASD. Ages (in months) for the Reading as
Usual (M = 144.25 months) and HER group
(M = 135.41 months) did not significantly differ (t(53)
= .856, p = .802).

Overall, children in the study were from 13 classrooms,
class sizes varied from nine students (1 class) to 2 stu-
dents (3 classes), with a mean class size of 4.23 students
(SD = 2.28). At least one child from each of the HER
and Reading as Usual groups were in each class. A num-
ber of classes (7 classes) had a single student from the
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HER group, although the number of children from the
HER group in each class was as large as 5 (1 class). The
number of children from the Reading as Usual group in
each of the respective classes ranged from 1 (3 classes) to
5 (1 class).

Between-group comparisons
Outcome data at baseline and 6 months follow-up are
presented in Table 2. Phoneme Segmentation Fluency
scores at follow-up were 1.82 times higher in the HER
group (Incidence Rate Ratio; IRR = 1.82, p = .012) in
comparison with the Reading as Usual group. Nonsense
Word Fluency scores at follow-up were 2.27 times higher
in the HER group (IRR = 2.27, p = .006) when com-
pared to the Reading as Usual group. Scores at follow-up
did not significantly differ on any of the four other out-
comes between the Reading as Usual and HER groups
(all p’s < .05).

As can be seen in Figure 2, when comparing the HER
and Reading as Usual groups, the largest effect size was
observed for Phoneme Segmentation (Standardised Mean
Difference; SMD = .72, 95% CI = .18–1.65), with Non-
sense Word Fluency (SMD = .72, 95% CI = .14–1.92)
also showing a moderate effect size. Effect sizes for the
other four outcomes were small (SMD
range = �.07–.29).

Discussion
Children with severe ID who received HER made gains
compared to the Reading as Usual group on each of the
domains measured by standardised reading assessments.
This reflects the positive findings from the pilot RCT
conducted by Roberts-Tyler et al., (2019). While statisti-
cally significant differences were observed on two of the
six domains measured, the skills measured in these
domains are pivotal for fluent reading. The first domain
was Nonsense Word Fluency where participants were
asked to read (decode) as many nonsense words as they
could in one minute (e.g. pov, sig). This assessment
focusses on use of the alphabetic principle (that letters
represent sounds) and the ability to blend sounds
together, indicating phonemic awareness (Kaminski and
Good, 1996). The second domain was Phoneme Segmen-
tation Fluency and, here, an even larger effect size was
observed. This subtest involved segmenting three or four
phoneme words into their individual phonemes (e.g.
being told the word mop and being able to identify the
sounds in the word are m-o-p). Given that HER focusses
on teaching phonemic awareness as one of the key five
reading components, it is particularly encouraging that
this effect was observed. These results are similar to
Tyler et al. (2015b) where the most notable outcomes
were for Nonsense Word Fluency and Phoneme Segmen-
tation Fluency on the DIBELS.

Table 2: Between-group comparisons for primary and secondary outcomes

Reading as Usual HER Adjusted incidence rate ratio* p-value

WRAPS Raw Score1

Baseline 11.32 (6.93) 14.37 (8.10) –

After Intervention (6 months) 12.04 (8.80) 17.15 (11.23) 1.14 (.974–1.33) .104

Letter Naming Fluency2

Baseline 2.29 (4.26) 6.41 (10.16) –

After Intervention (6 months) 3.04 (4.89) 7.88 (9.15) 1.51 (�.81 to 2.82) .192

Phoneme Segmentation Fluency2

Baseline 3.18 (7.26) 3.41 (9.13) –

After Intervention (6 months) 3.04 (5.81) 6.88 (11.00) 1.82 (1.21–2.75) .012

Nonsense Word Fluency2

Baseline 13.25 (23.19) 12.19 (12.10) –

After Intervention (6 months) 9.81 (14.31) 14.04 (17.17) 2.27 (1.26–4.08) .006

Word Use Fluency3

Baseline 1.89 (4.72) 2.96 (7.21) –

After Intervention (6 months) .65 (1.50) 3.04 (8.53) 1.45 (.23–9.04) .687

Initial Sound Fluency4 Adjusted mean difference*

Baseline 4.65 (4.97) 6.41 (6.50) –

After Intervention (6 months) 8.66 (14.04) 10.50 (9.80) �.82 (�6.40–4.76) .768

Data are mean (SD) or mean (95% CI).
1

Analysis based on a Poisson regression model.
2

Analysis based on a zero-inflated negative binomial model.
3

Analysis based on a negative binomial model.
4

Analysis based on a linear regression model. *Models adjusted for baseline scores, gender, diagnosis
(ASD, no ASD), and classroom.
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Although non-significant differences were found for four
of the six outcomes (WRAPS Raw Score, Letter Naming
Fluency, Word Use Fluency, Initial Sound Fluency),
smaller effect sizes may have gone undetected within this
study due to a lack of statistical power. Post hoc power
calculations (based on a type 1 error rate of 5%, type 2
error rate of 20%) suggested that this study was ade-
quately powered to detect an effect size of 0.80 or larger.
Thus, a larger HER RCT is required in future.

The participants in this study had severe ID or ASD with
severe ID. As noted by Browder and Spooner (2011)
reading interventions for this group had not previously
incorporated the components of reading instruction identi-
fied by the National Reading Panel (2000). The current
study addressed this gap in the literature by evaluating an
intervention that does incorporate the recommended com-
ponents, moving away from a focus on sight word
instruction. This study also makes an important contribu-
tion to the extant research into using HER with diverse
populations, contributing to the evidence base of studies
that have included a RCT of HER with children with ID.
We have also demonstrated the feasibility of conducting
RCTs in special education settings (including obtaining
parental consent, maintaining blind post-testing etc.).

Another important aspect of this study is the fact that it is
one of the first studies to demonstrate the potential effec-
tiveness of HER with children with ID using the standard
intervention (episodes and stories alone, with little spe-
cialist support). It is unclear whether incorporating addi-
tional support elements (e.g. as per Grindle et al., 2013;
Tyler et al., 2015b) would have resulted in greater
improvements for the HER group. Although we success-
fully completed initial training and delivered a coaching
support model for instructors, the recommended number
of HER sessions was not completed for most of the par-
ticipants in the HER group. Greater gains may be possi-
ble under conditions where participants complete the
recommended three sessions per week.

There were a number of other limitations in the current
study. First, measures of cognitive functioning were not
implemented so the degree of impairment of participants
and how this relates to outcomes on following HER is
unknown. However, the groups were balanced in terms of
the numbers of participants who also had ASD. No fide-
lity data were recorded during the initial training that was
delivered either to the Headsprout coaches or to the
instructors. Nor were there fidelity data collected during
the implementation of the intervention. Thus, we cannot
be certain that participants did not receive additional
prompts or that the read aloud sections were accurate.
The automated nature of HER means that the opportuni-
ties for staff to make mistakes are limited; nonetheless,
future research should place more of an emphasis on
measuring fidelity across all stages of the intervention.

Further research is needed to test the effectiveness (and
ideally cost-effectiveness) of using HER with children
with ID, especially in a larger RCT where the design and
methods take into account the learning from now several
smaller-scale implementation studies including the current
RCT. In particular, the current RCT was carried out in a
single school. Future research is needed that adopts a
cluster randomised design in which larger numbers of
children are involved and schools (or potentially class-
rooms across schools) are the unit of randomisation.
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Figure 2: Effect size estimates
and 95% confidence intervals
post-intervention. The forest plot
shows effect size estimates for all
main outcomes of the study. The
effect sizes are based on stan-
dardised mean differences
between the HER and Reading
as Usual group, adjusted for
baseline scores, gender, diagnosis
(with or without ASD) and class-
room.
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