>
=
%)
14
Ll
=
zZ
=)
o
O
o
=z
<
o
o
O
o
=z
<
oM
|
O
O
2
>
LL
@
o

PRIFYSGOL

BANGOR

UNIVERSITY

Teaching early numeracy to students with autism using a school staff
delivery model

Apanasionok, Magdalena M.; Alallawi, Barah; Grindle, Corinna F.; Hastings,
Richard P.; Watkins, Richard C.; Nicholls, Gemma; Maguire, Leanne; Staunton,
Darragh

British Journal of Special Education

DOl:
10.1111/1467-8578.12346

Published: 01/03/2021

Publisher's PDF, also known as Version of record

Cyswllt i'r cyhoeddiad / Link to publication

Dyfyniad o'r fersiwn a gyhoeddwyd / Citation for published version (APA):

Apanasionok, M. M., Alallawi, B., Grindle, C. F., Hastings, R. P., Watkins, R. C., Nicholls, G.,
Maguire, L., & Staunton, D. (2021). Teaching early numeracy to students with autism using a
school staff delivery model. British Journal of Special Education, 48(1), 90-111.
https://doi.org/10.1111/1467-8578.12346

Hawliau Cyffredinol / General rights

Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or
other copyright owners and it is a condition of accessing publications that users recognise and abide by the legal
requirements associated with these rights.

« Users may download and print one copy of any publication from the public portal for the purpose of private
study or research.

« You may not further distribute the material or use it for any profit-making activity or commercial gain

* You may freely distribute the URL identifying the publication in the public portal ?

Take down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to
the work immediately and investigate your claim.

10. Apr. 2024


https://doi.org/10.1111/1467-8578.12346
https://research.bangor.ac.uk/portal/en/researchoutputs/teaching-early-numeracy-to-students-with-autism-using-a-school-staff-delivery-model(300fd794-1443-4123-be38-545287136214).html
https://research.bangor.ac.uk/portal/en/researchoutputs/teaching-early-numeracy-to-students-with-autism-using-a-school-staff-delivery-model(300fd794-1443-4123-be38-545287136214).html
https://research.bangor.ac.uk/portal/en/researchoutputs/teaching-early-numeracy-to-students-with-autism-using-a-school-staff-delivery-model(300fd794-1443-4123-be38-545287136214).html
https://doi.org/10.1111/1467-8578.12346

BJSE  nNasen

EARLY NUMERACY
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school staff delivery model
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Richard C. Watkins "2, Gemma Nicholls,
Leanne Maguire and Darragh Staunton

Mathematicsis one ofthe core school subjectsinthe UKand anemphasis
is placed on developing pupils’ mathematical competencies throughout
all key stages. Despite that, the attainment of students with disabilities
in mathematics remains low. The current study explored ways in
which the Teaching Early Numeracy to children with Developmental
Disabilities (TEN-DD) programme could be implemented by teaching
staff in a special school in the UK to improve the numeracy skills of
students with autism. Adaptations to the delivery of the programme
were made during the study as a result of continued collaboration with
the participating school. The findings suggest that it may be feasible
to implement the TEN-DD programme using a school staff delivery
model and it may help learners improve their early numeracy skills.
Practical aspects of TEN-DD’s implementation highlighted the need
to incorporate more systematic adaptations for minimally verbal
students, as well as for learners who might need additional training
with prerequisite skills.

Key words: numeracy, mathematics, special educational needs,
autism, systematic instruction
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Mathematics is one of the core school subjects in the UK and internationally
(DfE, 2014b; National Council of Teachers of Mathematics, 2000). It pro-
vides students with essential skills that are necessary for more independent
living as they move to adulthood, such as money skills and recognising quan-
tities (DfE, 2014a, 2014b). Number is one of the core strands in mathematics
in the National Curriculum for England (DfE, 2014a). It includes skills such
as number recognition and comprehension, and operations and computa-
tions. In England, schools are required to teach number strand from the early
years and throughout all school key stages (DfE, 2014a, 2017). Early number
skills in the current study are referred to as ‘numeracy’, because this is the
term more widely used in the research literature to represent basic number
skills.

In England, DfE (2019b) data show that 14.9% of all students have special ed-
ucational needs (SEN). Autism is the most prevalent (29%) among students in
England who have an Education, Health and Care Plan (that is, pupils whose
additional needs cannot be met by the school alone) (DfE, 2019b). The in-
troduction of the Equality Act 2010 (DfE, 2014¢) and the Special Education
Needs and Disabilities Code of Practice (DfE, 2015) required schools to pro-
vide equal access to high-quality education for all learners, including those
with disabilities. Schools were mandated to make the necessary adjustments
for students with disabilities and assess the progress of all learners in the core
academic areas, including mathematics. Additionally, schools were required
to make decisions about education for students with disabilities based on the
best available evidence.

Despite this policy shift, the attainment of students with autism continues to
be low and of concern to educators and researchers. According to data from
2019, only 33% of students aged five to seven years old with SEN in England
achieved the expected level in mathematics, compared to 84% for learners
without SEN (DfE, 2019a). Similarly, only 21% of students aged seven to
11 years old with SEN achieved the expected level in reading, writing and
mathematics, compared to 74% of those without SEN (DfE, 2019a). These
attainment data include all students with SEN. Attainment levels for students
with autism, especially those who also have an intellectual (learning) disabil-
ity, are likely to be considerably lower.

Grindle et al. (2020) suggests five possible reasons why students with disabili-
ties (including those with autism) might be underperforming in mathematics:
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They may not be provided with enough opportunities to learn;

. There may be a focus on teaching functional mathematical skills (for ex-
ample, purchasing items in shops) at the expense of teaching broader,
structured mathematics skills;

3. Teachers might not feel prepared or confident to teach mathematics to

students with autism;

4. Teachers may find it difficult to teach mathematics due to behaviours that

challenge or students’ inattention during lessons;

5. Teachers may struggle during everyday practice to gather information

and apply evidence-based teaching strategies.

N =

Further, Lee et al. (2016) suggest that teachers who work with students with
a range of different needs require an individualised approach, but that they
often do not have the time or necessary training to be able to adapt curricula
to suit each student’s needs. Subsequently, students’ mathematics education
is often limited to basic money skills and number recognition, despite a con-
siderable amount of research evidence suggesting that students with autism
can acquire some complex mathematical skills and knowledge (Browder &
Spooner, 2011; Grindle et al., 2020; Spooner et al., 2019).

Spooner et al. (2019) conducted a review of evidence-based practices in teach-
ing mathematics to students with moderate to severe developmental disabilities,
which was an update of an earlier review carried out by Browder et al. (2008).
Spooner et al. included 36 studies in their review. All were rated as high or ad-
equate quality. Thirty-two percent of participants in the included studies had a
diagnosis of autism. The most frequently used teaching strategy, identified as an
evidence-based practice by both Browder et al. and Spooner et al., was Systematic
Instruction — an approach based on the principles of applied behaviour analysis
and focused on teaching observable and measurable behaviours and promoting
generalisation. Additional evidence-based practices identified by Spooner et al.
included technology-aided instruction, graphic organisers (use of visual aids to
help with mathematical process understanding and comprehension), manipula-
tives (use of different objects to support students’ learning and comprehension)
and explicit instruction (an active teaching method in which tasks are broken
down into smaller steps and modelling with frequent feedback is used).

1. Teaching Early Numeracy to children with Developmental Disabilities
(TEN-DD) programme overview

Despite the fact that mathematics is one of the most researched areas of
teaching academic skills to students with disabilities (Spooner et al., 2017),

92 British Journal of Special Education - Volume 48 - Number 1 - 2021 © 2021 NASEN



there is a scarcity of evaluations of comprehensive teaching programmes in
the research literature (Grindle et al., 2020). Maths Recovery (MR) is a nu-
meracy intervention initially created for low-attaining, typically developing
primary school students (Wright et al., 2012). The intervention was developed
based on extensive research conducted by the authors on children’s typical
development of number knowledge. It is an intensive short-term intervention
(usually used for up to 12 weeks with a few individualised sessions a week)
created to reduce the attainment gap between students struggling with nu-
meracy and their peers (Wright et al., 2012), and is used in mainstream and
special schools as an effective catch-up teaching programme.

The systematic nature of the MR programme creates a useful basis for work
with students with SEN. However, the intervention might not be accessible
to some students with autism due to the complexity and length of the in-
structions and targets. Available evidence suggests that students with autism
can benefit more from teacher-led/direct instruction as opposed to child-led/
enquiry teaching (Apanasionok et al., 2019; Grindle et al., 2020). Therefore,
the MR programme has been adapted to meet the needs of students with
moderate to severe disabilities (Teaching Early Numeracy to children with
Developmental Disabilities (TEN-DD); Grindle et al., 2020). Adaptations
include reducing the amount of verbal language used in the instructions; in-
clusion of the Systematic Instruction procedures such as prompting (help
provided by the instructor that increases the likelihood that the student will
engage in the correct response) and prompt-fading (a systematic process of
decreasing the amount of assistance provided by the instructor and increas-
ing the student’s independence); task analysis (breaking down complex tasks
into smaller, more achievable steps); targeted generalisation of acquired
skills; inclusion of visual prompting strategies; a focus on students’ moti-
vation; and clearly defined learning goals and targets (Grindle et al., 2020).
Adaptations were based on extensive research recommendations on teach-
ing children with moderate to severe disabilities, including incorporating
Systematic Instruction procedures which were identified as evidence-based
practices by Browder et al. (2008) and Spooner at al. (2019).

A single group pre—post evaluation of TEN-DD with six children with au-
tism (Tzanakaki et al., 2014a) provided initial evidence of the feasibility of
the TEN-DD programme. Tzanakaki et al. (2014b) later conducted a small
randomised controlled trial in a special school in Wales that provided evi-
dence of the potential efficacy of the model. Tzanakaki et al. recruited 24
students with severe intellectual disability and/or autism and randomised
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them into two groups, one accessing TEN-DD intervention and the other
receiving mathematics teaching as usual. The intervention lasted 12 weeks
and was delivered by teaching staff trained in the Systematic Instruction pro-
cedures and by the researchers. Results indicated that TEN-DD was more
effective in teaching numeracy to students than the school’s standard numer-
acy curriculum.

2. Purpose of the current study

Previous evaluations of TEN-DD were conducted with teaching staff expe-
rienced in using the Systematic Instruction procedures or with researchers
delivering the intervention. The purpose of the current study was to explore
the feasibility of implementing the TEN-DD programme in a large special
school in the UK using typical teaching staff to deliver the intervention
through collaborative work with the teachers, teaching assistants (TAs) and
the leadership team.

Our study aims were:

1. To set up a system to implement the TEN-DD programme in a large
special school in the UK using a school staff delivery model;

2. To evaluate the initial numeracy outcomes for the students;

3. To gather teachers’ and teaching assistants’ suggestions on improve-
ments to the provided training and implementation of the TEN-DD
programme.

3. Implementing the TEN-DD programme

As with the original MR programme, TEN-DD is divided into five progres-
sive stages of numeracy development — the emergent, perceptual, figurative,
counting on and facile stages. It covers numeracy skills that neurotypical chil-
dren of four to 11 years old would be expected to be able to acquire. Each
stage is further divided into key topics (for example, forward and backward
number word sequences; counting by 10s and 100s; finger patterns) that in-
clude individual skills/teaching procedures. There is a total of 182 teaching
units across the whole programme (Grindle et al., 2020; Wright et al., 2012).

3.1. Staff training and supervision

Staff training consisted of initial out-of-class training, followed by in-class
training. Before the beginning of the school year, the first, second and third
authors organised a training session for all educators involved in the project,
focusing on the theoretical basis of the TEN-DD programme, discrete-trial
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teaching (for a definition, see “Teaching sessions’ section), and teaching or-
ganisation. The training lasted for approximately 2.5 hours and was a combi-
nation of a PowerPoint presentation and practice in small groups. A second
out-of-class training session was held after a month and covered data collec-
tion and the mentoring system offered as part of the study (conducted by the
first and second authors). The training lasted approximately 45 minutes and,
again, was a combination of a PowerPoint presentation and practice in small
groups.

The majority of training offered for the TEN-DD programme was delivered
in classes as part of the mentoring system. For the first four months of the
intervention, each teacher and TA had a weekly in-class session with one of
the two researchers/trainers (the first or second author). Each session lasted
approximately 45 minutes and consisted of the trainer observing the session,
offering feedback, and modelling correct delivery of the teaching targets. As
teaching staff became more familiar with the programme, the trainers started
to reduce their support to promote independence, and adopted more of an
observer role, only offering feedback when absolutely necessary during the
session.

To determine when teaching staff were ready to move to a less frequent men-
toring schedule, a set of criteria was developed:

1. The trainer is not reminding the teacher/TA what they should be
doing more than once during the session.

2. The teacher/TA is completing three sessions a week with each of the stu-
dents (minimum 15 minutes of work during one session for each student).

3. The targets are being moved on after the mastery criterion is met.

4. The teacher/TA is updating the targets on the target list and prepares new
data sheets as needed.

5. The teacher/TA indicates that they feel ready to receive less support when
asked.

Once a teacher/TA met all the criteria, they were then offered an opportunity
to move to bi-weekly mentoring sessions.

The bi-weekly visits lasted approximately 30 to 45 minutes and consisted of
the trainer observing the session and recording all steps of the TEN-DD pro-
gramme delivery via a paper record. At the end of the session, the trainer pro-
vided the teacher/TA with feedback on that session based on the completed
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record, and discussed what went well and what could be improved. After the
teacher/TA and the trainer agreed on an action plan, they both signed the
paper record. The bi-weekly visits were carried out by one trainer (the first
author) to ensure consistency.

3.2. Teaching sessions

The duration of the sessions varied across the classes depending on the num-
ber of students in each group. However, the general recommendation was
that all students in the group should have the opportunity to practice six cur-
rent targets multiple times at least three times a week. The trainers checked
teaching folders and datasheets during weekly and bi-weekly mentoring vis-
its. If the frequency of the teaching sessions fell below the prescribed level
during two consecutive mentoring visits, the issue was raised with the class
teacher and an action plan was agreed.

Numeracy skills included in the TEN-DD programme were taught using
discrete-trial teaching (DTT) methodology. DTT is a teaching method con-
sistent with the Systematic Instruction that focuses on breaking down skills
into small, clearly defined steps that are taught to mastery. The teaching pro-
cedure involves frequent practice of the target skills, with the teaching staff
utilising prompting and error-correction procedures as well as high volumes
of reinforcement, to increase the likelihood that the student will engage in the
correct response.

The teaching session started with an entry (warm-up) activity. Teaching staff
were given a list of 11 sample activities to guide them (for example, a game
involving students counting forwards or backwards while jumping) and were
encouraged to come up with their own ideas before proceeding to deliver the
TEN-DD programme.

Following consultation with the teaching staff, the TEN-DD teaching ses-
sions were implemented using a delivery model frequently employed across
the school. The students sat at a table in small groups of two or three with a
teacher or TA who delivered instruction for a few minutes to one student at
a time while the remaining students in the group accessed a reward for previ-
ously completed work or an independent activity. After a few trials (teacher/
TA gauged how long to work with individual students), the student receiving
the instruction was given a reward to engage with or an independent activity
and the teacher/TA moved on to the next student. This process was repeated
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for 45 minutes or until teaching staff decided that all students in the group
had received sufficient practice on all six of their current targets.

We have implemented a simple data collection model using cold probes —
teaching staff were asked to take data only on the first try of the session
for each current target. They scored a trial as correct (by putting a tick on a
datasheet) if the student was independently correct or as incorrect (by put-
ting a cross on the datasheet) if the student made a mistake or required help.
If the student was independently correct on their first ever try, the skill was
considered mastered. If not, data were collected until the student reached
the mastery criterion of three consecutive ticks (three independently correct
responses across three consecutive sessions).

Teaching staff were also given non-verbal response equivalent guidelines in
their teaching packs (folders; see ‘Materials’ section) that provided examples
of adaptations that could be made to facilitate responses of minimally verbal
students for all six key topics. Further adaptations were made by the teaching
staff after consultations with the trainers.

3.3. Materials

All teachers and TAs working on TEN-DD were given a folder with all the
necessary information and a resource kit. Folders contained the TEN-DD
framework, a suggested session structure, the teaching plans, suggested re-
sponse equivalents for minimally verbal students, a DTT information sheet,
suggested entry (warm-up) activities, a DTT data sheet (to collect individual
data for up to three students; see Figure 1), a skills tracker (list of all targets
covered in the programme to record introduction and mastery dates), a copy
of a bespoke mentoring checklist (a task analysis of all steps that the teach-
ing staff should do during one TEN-DD session), and copies of two research
papers conducted on the TEN-DD programme (Tzanakaki et al., 2014a;
Tzanakaki et al., 2014b). Each kit contained the resources necessary to im-
plement the TEN-DD programme (number lines 1-10; number cards 1-20;
30 double-sided counters; red and green dot lines; domino cards 1-6; random
array dot cards 1-4; and pair pattern dot cards) and some other items that
could be used while targeting generalisation of acquired skills.

3.4. Integration of TEN-DD within the school’s systems

The goal of this study was to implement the TEN-DD programme within
the existing organisational system of a special school. We made a number of
changes to the initial proposed implementation of the TEN-DD programme

© 2021 NASEN British Journal of Special Education - Volume 48 . Number 1 - 2021 97



Figure 1: Sample DTT data sheet [Colour figure can be viewed at
wileyonlinelibrary.com|]

Students' names: Tom Jane Joe Notes
A1.1 Forward Jane - A1.1f correct on the first try -
% Key topic1 Al:: Backward At: Forward o mastered 27/11/2019
d £ | vert | counting 1- Number Sequences | Number Sequences Sequences
&9 20 e. Counts backward | f. Counts from1to5 QT ey
S g from 5 to 1 by himself by herself : .
®E 5 by himself
o
gz Data (v or x): x x[v[v] vl T T T [x[v]x][v]
2 E) s A::q:::‘l:;al A2.1 Forward A2.4 Receptive Joe — hand over hand prompt used
@ Key topic2
E Written numerals | c. "Count forward and Numeral Sequence "Number inds
110 backiard® Fumbes c. Counts 1-3 by a. "Touch number
2G \I?Inaes l_ll:)m himself and points 25
Data (V or x): xlv|x|\ll x|x|xlvl x|x|\l|\l|

as a result of continued collaboration with the school’s teaching staff and the
leadership team (the sixth, seventh and eighth authors). First, the teaching
plans were amended and updated on the basis of teaching staff feedback.
For example, the length of the document was reduced, all specialist termi-
nology was removed, a colour-coded system was incorporated to simplify
navigation across the whole document and teacher-spoken instructions were
highlighted in yellow. A second consideration focused on how the training
was delivered. In this study, the initial training before the start of the inter-
vention was reduced in duration and was divided into two separate sessions
to ease the one-off time commitment for teaching staff and to allow better
fit into the school’s annual training schedule. Another change was related to
how the teaching sessions were delivered to the students. In previous evalua-
tions of the TEN-DD programme (Tzanakaki et al., 2014a; Tzanakaki et al.,
2014b), all teaching sessions were delivered with a one-to-one staff-to-student
ratio. However, after initial consultation with the school’s leadership team
and the teachers, it became apparent that those staff-to-student ratios would
not be possible in the school and that a different delivery system would have
to be implemented to ensure feasibility. Therefore, in collaboration with the
school’s leadership team, we implemented a delivery model frequently em-
ployed throughout the school (see ‘“Teaching sessions’ section). Classes were
also given an opportunity to decide themselves the frequency and duration of
the teaching sessions, as long as all participating students were given at least
three opportunities during a week to practise all six current targets (not nec-
essarily in one sitting). A number of smaller adaptations were also made to
the teaching procedure based on individual students’ needs. These included
more frequent breaks, taking students outside the classroom, and using token
boards.

98 British Journal of Special Education - Volume 48 - Number 1 - 2021 © 2021 NASEN


www.wileyonlinelibrary.com

4. Evaluation study
Approval was sought and obtained from the Humanities and Social Sciences
Research Ethics Committee at the University of Warwick.

4.1. Participants

Seventeen students were recruited across five different classes to take part
in this study. They were identified by school staff due to their difficulty in
acquiring numeracy skills using the school’s usual curriculum and teach-
ing methods. All students had been identified as having autism, according
to their school records. Four were female and 13 were male. The age range
varied from 8 years 11 months to 15 years 4 months, and the ethnic back-
ground of the students included Pakistani, Black other, White British, Black
African, Bangladeshi and Somali. Sixteen students were enlisted at the end
of 2016/2017 school year (before the start of the intervention) and one ad-
ditional student was recruited during the 2017/2018 school year (during
the study). The inclusion criteria for the study were that the student had:
the prerequisite skills to access at least the first stage of the TEN-DD pro-
gramme; the prerequisite skills to access the assessment outcome measure
(see ‘Outcome measures’ section); the ability to work for 10-15 minutes in
one sitting; no significant behaviours that challenge that would interfere with
learning; and no visual or auditory impairments that could not be corrected
by glasses or hearing aids.

Twelve teaching staff (five class teachers and seven TAs) across five classes
were trained to deliver the intervention to the recruited students. All 12 teach-
ing staff trained in the TEN-DD programme were approached by the first
and second author at the end of the study period and invited to participate
in an interview, to outline their opinions and experiences of implementing
TEN-DD. They were given an information sheet describing the purpose of
the interview, and a consent form. Ten teaching staff (six females, four males;
five teachers, five TAs) agreed to take part in an interview.

4.2. Setting

The study took place in a special school in the UK, catering for around 380
children aged two to 19 years with severe intellectual disabilities. Students
attending the school have diagnoses of intellectual disability, autism, or
profound and multiple intellectual disabilities, among others. For the pur-
pose of the current study, researchers focused on students from the Autism
Department, which provides education for around 80 students.
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All teaching sessions were conducted in the students’ usual classrooms during
time slots allocated to the teaching of mathematics in the school’s timetable.
Other students from the class were usually present in the classroom during
the sessions.

4.3. Outcome measures

Students’ numeracy skills were assessed using the Test of Early Mathematics
Ability — Third Edition (TEMA-3; Ginsburg & Baroody, 2003). This is a
standardised assessment designed for students aged three to nine years that
measures early numeracy skills and knowledge. The TEMA-3 is not a time-
limited assessment and testing can last from 10 to 60 minutes depending on
the student’s skills. TEMA-3 assessments were conducted at two points: once
at the end of the 2016/2017 school year (pre-test) and then at the end of
the 2017/2018 school year (post-test). All assessments were conducted by the
first and second author with the support of class teachers and TAs. Version
A of the TEMA-3 was used at pre-test and version B at post-test. Every few
minutes during the assessment, reinforcement was delivered contingent on at-
tending only and not for correct responding. Reinforcement was individually
determined and was either in the form of verbal praise (for example, ‘You're
sitting so nicely’) or through providing a small edible treat or preferred tangi-
ble item to play with.

To help evaluate teaching staff experiences of the two training sessions, we
created two bespoke surveys. Both were anonymous and contained a five-
point Likert-style rating scale from ‘strongly disagree’ to ‘strongly agree’. The
first survey was created for the introductory training session (22 statements),
and the second for the data collection training (17 statements). Both surveys
included statements that covered key aspects such as the overall training ex-
perience, teaching materials, trainers and learner outcomes .

To gather information about teaching staff perspectives on improving the
TEN-DD programme and how it was implemented, interviews were con-
ducted with 10 teaching staff. All were completed in a one-to-one setting by
the second author. Interviews lasted between 25 and 40 minutes. Recordings
from the interviews were fully transcribed verbatim by the second author and
later checked by the first author. In the present article, data on the sugges-
tions for programme improvement are included. Qualitative analysis of ed-
ucators’ experiences with TEN-DD is reported in a separate paper (Alallawi
et al., forthcoming).
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4.4. Design and approach to data analysis

This study employed a pre-test post-test design. A paired-samples t-test was
used to analyse TEMA-3 scores. Effect size was calculated using an equation
for Cohen’s d adapted for repeated measures (Dunlap et al., 1996). Content
analysis was used to code data from the interviews in relation to the suggested
intervention improvements. This is a flexible research method used to exam-
ine various types of text data to gain understanding of a phenomenon (Hsieh
& Shannon, 2005).

5. Results

Students obtained significantly higher TEMA-3 raw scores at post-test
(Mdn = 9.06; SD = 7.02) than at baseline (Mdn = 4.24; SD = 5.24), t(16) =
5.99,p <0.001, r=0.83,d = 0.85, which represents a large effect size (Cohen,
1988). All students improved their raw scores from baseline to post-test, with
pre—post change scores ranging from 1 to 13 points (Mdn = 4.82). Thirteen
students improved their age equivalent scores and four students’ scores re-
mained the same. See Table 1 for individual students’ outcomes.

Teaching staff had a generally positive training experience (see Table 2).
Ratings of the data collection training session were also positive (Table 3).

Changes to the TEN-DD programme suggested by the teaching staff were
grouped into three categories following content analysis: training, implemen-
tation and materials. A summary of all suggested changes and improvements
is included in Table 4.

6. Discussion

The primary aim of this study was to set up a system to implement the
TEN-DD programme in a large special school in the UK using a school staff
delivery model. We worked alongside teaching staff and the school’s leadership
team to incorporate the intervention into an existing school structure, while
maintaining the intensive and individualised character of the programme.
TEN-DD was successfully used by teaching staff with no prior experience of
the Systematic Instruction or DTT, and in a setting where high staff-to-student
ratios are not typical, which is representative of most special schools in the UK.

6.1. Implementation considerations

Our primary goal was to ensure optimal fit into an existing school system, so
a number of adaptations to the delivery model and teaching materials were
made during the study. These included changing the structure and wording
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Table 2: Summary of survey scores after the introductory training session
(rating scale from 1 ‘strongly disagree’ to 5 ‘strongly agree’)

Category Statement Mean
Overall The training session was well organised. 4.10
The content of the training session was covered in the 4.00
time available.
Trainers provided all that I needed to complete training 4.00
tasks.
Materials The presentation slides were relevant, clear and useful. 4.18
The handouts were relevant, clear and useful. 4.36
The example plans were relevant, clear and useful. 4.18
The videos were relevant, clear and helpful. 4.36
Trainers Trainers presented the TEN-DD programme in a clear 4.00
and concise way.
Trainers demonstrated practical skills and knowledge. 4.18
Trainers’ feedback was clear and concise. 4.09
Outcomes  Ilearned a good deal from the presentation. 4.09
Ilearned a good deal from the practical activities and 4.00
role play.
I understand this year plan for implementation of the 4.09
TEN-DD programme.
I understand the rationale of using the TEN-DD 4.18
programme.
I understand what TEN-DD aims to do. 4.27
I understand how to use the TEN-DD programme to 4.27
teach numeracy to a small group of pupils.
I understand how to read the teaching plans. 4.09
I will be able to follow the lesson plans available to adapt ~ 4.18
my teaching to the needs of the individual student.
I understand what Discrete Trial Teaching (DTT) is. 4.45
I will be able to follow the trial structure of Discrete Trial — 4.36
Teaching (DTT).
T understand what TEN-DD generalisation sessions aim  4.20
to do.
Training in a small group outside the classroom is useful ~ 4.18
for learning how to use the TEN-DD programme.
Mean 4.17

of the teaching plans, shortening the initial training and focusing more on
in-class mentoring, as well as adapting the teaching methodology to suit the
staff-to-student ratios available in the school. Classes changed the duration
and frequency of the teaching sessions to suit students’ needs, while still ad-
hering to the recommended weekly amount of practice across all current

targets.
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Table 3: Summary of survey scores after the training session on data
collection

Category Statement Mean
Overall The training session was well organised. 4.57
The content of the training session was covered in the 4.71

time available.
Trainers provided all that I needed to complete training  4.64

tasks.
Materials ~ The presentation slides were relevant, clear and useful. 4.77
The handouts were relevant, clear and useful. 4.79
The example TEN-DD weekly data sheet was clear and ~ 4.79
useful.
Trainers Trainers presented the data collection procedure in a 4.71
clear and concise way.
Trainers demonstrated practical skills and knowledge. 4.71
Trainers’ feedback was clear and concise. 4.71
Outcomes  Ilearned a good deal from the presentation. 4.77
Ilearned a good deal from the practical activities and 4.50
role play.
I understand the rationale of the data collection 4.71
procedure.
I understand how to monitor students’ progress. 4.62
I understand how to prepare weekly data sheets. 4.57
I understand what the mastery criteria are. 4.77
I will be able to make decisions about students’ targets. 4.64
I understand the process of mentoring visits. 4.71
Opverall mean 4.69

This was the first study focusing on teaching staff delivering the TEN-DD
programme, but researchers were still involved in implementation. A con-
siderable amount of supervision and mentoring time was still provided that
might not be feasible in typical school conditions. Although we shortened
training sessions and introduced in-class mentoring, this required the in-
volvement of experts in the intervention. This was mainly due to teaching
staff lack of prior experience with the intervention. However, after the first
year of implementation, teaching staff would have been more expert in the
intervention and may have been able to establish peer mentoring processes.

During interviews, staff reported that implementing the TEN-DD pro-
gramme with minimally verbal students was challenging at times. We pro-
vided a document outlining possible ways of adapting teaching plans to meet
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the needs of minimally verbal students, and the trainers helped teachers and
TAs with more individualised changes during the mentoring visits. However,
more systematic adaptations/guidelines need to be incorporated into the
TEN-DD programme to allow staff members to be more independent and to
maximise students’ gains from the intervention.

Educators also highlighted the need for an early numeracy programme to
be developed that includes prerequisite/‘learning to learn’ skills that are nec-
essary to start acquiring numeracy competencies. As part of the mentoring
visits, we helped teaching staff implement a range of different short-term
supplementary interventions targeting skills such as verbal or physical im-
itation to help students who struggled with accessing specific parts of the
TEN-DD programme. However, a more formal prerequisite programme may
be needed to improve the accessibility of the programme across the autism
population in special schools.

Drawing from the experience of implementing TEN-DD in a large special
school and educators’ feedback, we have identified three key recommenda-
tions to allow a better fit into a typical special school setting. First, it appears
that our training model — with initial introductory sessions and in-class train-
ing and mentoring — was successful and allowed a good fit into the school’s
annual training schedule. However, based on educators’ feedback, the ini-
tial sessions should be shorter and focused only on the practical aspects of
the programme, omitting the theoretical basis. Educators could also benefit
from a short follow-up training session after a few weeks of implementing
TEN-DD. Second, more work should go into incorporating the mentoring
system into the special school. This could perhaps be achieved by providing
more extensive training to one school staff member who would then become
a TEN-DD lead/mentor offering bi-weekly and monthly overlap sessions or
troubleshooting meetings across the school. Our last recommendation is that
further work should be done on the teaching plans (introducing systematic
adaptations for minimally verbal students, expanding the help section, and
further simplifying the wording of the instructions) to increase teaching staff
independence in implementing TEN-DD and, as a result, to reduce the need
for out-of-class support.

6.2. Outcomes evaluation

Data obtained from the TEMA-3 assessment suggested that TEN-DD may
help learners improve their early numeracy skills. All participants improved
their TEMA-3 raw scores at post-test compared to pre-test (with a large effect
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size pre—post group difference), and 14 students’ age equivalent scores also
improved after accessing the TEN-DD programme for one school year.

Feedback obtained from the staff surveys showed that teaching staff were
generally satisfied with the training provided.

6.3. Future research

To examine the putative effectiveness of TEN-DD in special schools, future
research should focus on minimising the involvement and support provided
by the research team to better mimic implementation in special school set-
tings. A randomised controlled trial design is also needed, probably using a
cluster randomised design (that is, with schools randomised to use TEN-DD
or numeracy teaching as usual).
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