Does a neurodevelopmental
movement program affect
Australian school children’s
academic performance?
Unlocking Potential: a report

Introduction

Concerned about the rising number of children starting school
with learning challenges and developmental vulnerabilities, the
principal of an independent infants’ school sought to implement
“Unlocking Potential” (UP}, a neurcdevelopmental, sensorimotor
movement program for school-aged children (Schriever, Sasse
& Williams 2011). UP is based on the premise that children
who do not experience the natural progression of basic motor
patterns through sensorimotor development in their early years
can still mature brain function and improve developmental
and learning trajectories through specific movement exercises
and experiences. The principal was familiar with the thecries
associated with sensorimotor development and determined
that a program formulated on this basis may be of benefit to the
children attending her schoel. In particular, the principal was
concerned about the Year 3 students’ 2011 results in the National
Assessment Program: Literacy and Numeracy (NAPLAN) results.
NAPLAN is a standardised, validated testing system undertaken
in Australian schools in Years 3, 5, 7, and 9 (ACARA 2013). Children
are assessed across six major areas of learning: reading, writing,
numeracy, spelling, grammar and punctuation, While there are
cautions about utilising NAPLAN results independently from
other aspects of development and learning, the principal had
also noted “the increasing number of children starting school
with developmental vulnerabilities and learning challenges” that
not only affected their classroom performance, but also their
enjoyment of school.

What the principal noticed was not isolated to her school. The
Australian Early Development Census (AEDC 2012) reported that
many children are developmentally behind when they begin
school. The AEDC assessed the development of 289,973 children,
representing 96.5% of five- to six-year-old Australian children
starting formal schooling, across five key developmental domains:
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physical health and wellbeing; social competence; emotional
maturity; language and cognitive skills; and general knowledge,
They found that 22% of children were developmentally lagging
in one or more developmental domains and that 10.8% were
lagging in two or more developmental domains when they began
school. These children were not just from lower socio-economic
status (SES) groups where resources were scarce and education
was potentially limited. Professor Dame Sarah Cowley (2015),
an internationally acclaimed expert in child and family health,
identified that children from all levels of society are represented.
Children who are assessed by the AEDC as being “at risk” or
"vulnerable” in development are most likely to have literacy and
numeracy challenges throughout their school years {Brinkman,
Gregory, Harris, Hart, Blackmore & Janus 2013}. This may also
increase social and emotional vulnerability and have long-term
effects into teenage years and adulthood (Shonkoff & Phillips
2000).

Growing evidence supports the absolute imperative of key
experiences and opportunities in the pre-school years (Shonkoff
& Phillips 2000). Importantly, evidence suggests that sensorimotor
stimulation lays key neural pathways for the establishment and
maintenance of healthy cognitive neuro-function across all
developmental domains {Delafield-Butt & Gangopadhyay 2013).
As the sensarimotor system matures and becomes increasingly
sophisticated and coordinated, cognitive development and
executive functicn are constructed {(Thelen & Smith 1594; Pezzulo,
Butz, Sigaud & Baldasarre 2008; von Hofsten 2009; Delafield-
Butt & Gangopadhyay 2013). This increasing sophistication
and development of higher order cognitive states does not just
happen, rather it is thought to be generated by a child’s active
engagement with the world (Noé& 2004). Children who have not
had the opportunity to develop automaticity of basic movement
patterns, integration of sensory information or refinement of
complex movement skills are more likely to struggle with cognitive
tasks and executive functioning skills that require complex
thought and critique {Melillo & Leisman 2004; Sibley & Etnier 2003;
Thelen 2004; Tomporowski, Davis, Miller & Naglieri 2008),

Children may have poor sensorimotor skills for numerous reasons,
but decreased opportunities for active movement and the
development of early movement patterns in infancy and early
childhood can exacerbate risk {(Melillo & Leisman 2004; Barton




2014). School-based activity programs that incorporate a daily,
structured program that includes basic sensorimotor activities
with the development of motor patterns and skills may assist the
brain to improve function to a level that better supports higher
cognitive capacity {Luz, Rodrigues & Cordovil, 2015; Esteban-
Cornejo et al. 2014; Davis, Pitchford & Limback 2011; Holley, 2010).

Program description

UP is a movement pregram for school-aged children that is based
on the sequential, evolutionary pattern of motor development
in infancy and early childhood. The aim of the program is to
ensure that children, through repeated and scaffolded movement
experiences, develop. solid and lasting neurological foundations
that form the basis for higher learning skills (Schriever, Sassé &
Williams 2011; Melillo & Leisman 2004). In 2005, an earlier version
of the program was piloted in a large school district. While the
results showed statistically significant improvements in children’s
comprehension (Mirabella, Sasse & Schriever 2008; Williams &
Holley 2013), the pilot was not expanded due to the perceived
“non-academic” basis to the program. As the educational sector
strives to improve literacy and numeracy results, academic pursuits
are favoured over physical activities {Audit Office of NSW 2014). This
is despite research that increasingly reveals the link between motor
skill development and the ability to perform complex cognitive
tasks {Luz, Rodrigues & Cordovil 2015; Esteban-Cornejo et al. 2014;
Sibley & Etnier 2003; Diamond 2000}.

The UP program not only incorporates specific developmental
movement exercises that replicate early infant and childhood
motor skills and patterns, it also builds on these and introduces
neurodevelopmentally supportive movement games. These
games are designed to enhance sensory stimulation, vestibular
function, balance and posture, coordination, perceptual
skills and developing conceptual abilities. Activities include:
neurodevelopmental exercises; rhythmic movements to music;
parachute challenges; dance; mat challenges; obstacle courses;
aerobic challenges; body awareness games; balloon, ball or bean
bag handling challenges; and relaxation time. Because brain
structure and function is stimulated most effectively by repetition
and the scaffolding of tasks (Ofen-Noy, Dudai & Karni 2003;
Viygotsky 1978), children participate in the program for 25 minutes
each school morning, for the entire school year. Due to time
constraints in a busy school schedule, the program is designed
to be incorporated in place of normally scheduled literacy or
numeracy classes.

The principal gave permission for the UP program to be
implemented, assessed for its effectiveness and for cutcomes to
be reported. Ethical guidelines of the schocl were closely adhered
to throughout. Parents and teachers were informed about
the program implementation and assessment via information
seminars and training sessions. Only one family did not permit
their child to participate.

Implementation

One hundred and fifty children aged between five and eight
years participated in the UP program on a daily basis for an entire
school year (38 weeks). Each class rotated through one of two UP
program-designated spaces for the 25-minute morning session in

replacement of scheduled literacy or numeracy classes (depending
on the time the class was allocated), in all the lower grades of
the school, foundation {five years old} to Year 4 (nine years old).
Teachers at the school received training in the philosophy and the
implementation of the UP program over two days and over 100
parents attended information seminars. Follow-up phone support
was provided to clarify exercises and activities during initial
implementation. The principal reported that there was ongoing
community support for the UP program.

This report principally follows the achievements of children in Year
1 as the school principal had identified them as being “of particular
concern” in regard to their learning and classroom behaviour in
their previous foundation year (also known as kindy/prep/pre-
primary/reception).

Evaluation methods

To determine the effectiveness of the program, information was
collected by the school from three sources:

1. Draw-a-Person (DAP) (Naglieri 1988) at the beginning and end
of the first year of the UP program implementation in Year 1, 2012,

2. Teacher questionnaires at the end of Year 1, 2012,

3. The NAPLAN scores when the UP cohort was in Year 3 in 2014,
The principal had also been concerned about the NAPLAN results
of the Year 3, 2011, students, so they participated in the UP
program in Year 4. These children completed the Year 5 NAPLAN
assessments in 2013 and these results are also briefly reported on
and discussed.

1. The DAP assessment was selected as it was an assessment
that the teachers could easily undertake and that children
would enjoy doing. It is also a highly validated, standardised
assessment that enables accurate estimation of developmental
status and changing level of ability over time (Naglieri 1988). A
recent, large-scale, longitudinal study of 7,752 pairs of twins,
also points te a correlation between DAP results at the age
of four years and measures of intelligence at 14 years (Arden,
Trzaskowski, Garfield & Plomin 2014). Children were asked
to draw the very best picture of themselves in a five-minute
period. This was undertaken pre- and post-UP program
Implementation — an intervening period of nine months. Forty-
two of 50 Year 1 children completed both tests (n=42). Teachers
were trained to score the tests according to the DAP scoring
system (Naglieri 1988) and their scores of sample drawings were
measured against those in the DAP manual to ensure reliability.
The same teacher scored the same children’s drawings at pre-
and post-UP testing. The raw scores were then standardised
to determine a child’s developmental (neurological) age in
comparison to actual {chronoclogical} age. These scores were
then ranked on a percentile basis, and classified into levels of
ability. Children with low percentile ranked scores are highly
likely to have neurological immaturities that prevent them
from learning easily at school (Goddard 2005).

2. There are cautions that a DAP not be taken in isolation from
other forms of assessment (Terre Blanche 2013). Teachers
were asked, at the end of the first year of implementation,
to complete a comprehensive questionnaire reporting on
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Figure 1: DAP percentile ranks pre and post-test comparison Year 1 (11=42)
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perceived changes in literacy and numeracy, as well as on
physical, social and emotional skills,

3. Thirty-one (74%}) of the students who completed the DAP
assessments in Year 1, 2012, completed NAPLAN assessments
in Year 3, 2014. Publicly available online NAPLAN results
were compared to the same school, pre-UP program
implementation, Year 3, 2011, and to similar school cohorts
in 2014. As mentioned previously, NAPLAN is a standardised,
validated testing system undertaken in Australian schools
in Years 3, 5, 7, and 9 (ACARA 2013). Children are assessed
across six major areas of learning: reading, writing, numeracy,
spelling, grammar and punctuation. Individual results are
sent to parents and to the school, and school cohort results
are published online for pubilic access (ACARA 2013). NAPLAN
results are measured against an assessment scale in each of
the areas tested. Scales demonstrate how students have
performed compared to established national standards. The
scale spans all year levels and is divided into 10 Bands. Band
1 is the lowest band and Band 10 is the highest. A national
minimum standard is defined for each year level. Band 2 is the
minimum standard for Year 3.The bands representincreasingly
challenging skills and require increasingly higher scores on the
NAPLAN scale to achieve.The NAPLAN scales are constructed so
that any given score represents the same level of achievement
over time, so a score for reading will have the same meaning in
2011 as in 2014 (ACARA 2013). The UP program aims to ensure
that all children have the neuro-physiological foundations in
place for successful academic learning. The report, therefore,
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principally focus on the results in the lowest three Bands. 1t isin
these three Bands that children, who have learning difficulties
associated with neurodevelopmental challenges, are most
likely to score.

Results

DAP

Findings of the DAP assessment have been previously reported in
Williams and Holley (2013). Statistically significant improvement
was noted in percentile ranks (p=0.05) (Figure 1) as well as a
significant shift in ability for age in almost all children (Figure 2).
Two children’s initial poor performance did not improve, One child
was withdrawn from the program at the request of the parents.
The other had been diagnosed with autism, and while actively
participating to the best of his ability, it is likely that the UP
program was insufficient for his needs. These two children left the
school at the end of Year 1 and are not Included in the later Year 3
NAPLAN assessments.

Teacher feedback

Teachers and the infant school principal completed a specially
designed comprehensive questionnaire at the end of the first
year of UP implementation. Based on a Likert scale of 1-5, with
1 being no change, 3 being moderate change and 5 being
considerable change, teachers reported moderate to considerable
improvements in behaviour, social skills, emotional regulation
and literacy and numeracy skills. In particular, teachers noted
improvements in:
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Automatic recall of letter patterns, and students’ ability to
write letters automatically. This had a flow-on effect for
spelling and general writing tasks.

Handwriting: a dramatic improvement in letter formation,
spacing, orientation on page, neatness, directionality, and
letter reversals.

Classroom environment: teachers reported that classes were
more settled and the students’ attitude to work improved.
Behaviour, work habits, posture, engagement, attention span
and workbook neatness all noticeably improved. Children
were able to transition from one task to another task more
efficiently, for example, get into routine, line up, change
activities and so on.

Literacy and numeracy skills: Children were more easily able
to accept systematic, foundational teaching of the basic
literacy and numeracy skills.

Playground behaviour: In relation to others and objects,
children were more gentle and content. They displayed
stronger motor planning skills.

Physical stamina and motor skills: As the year progressed,
children did not tire as easily when performing the activities
and their motor skills and motor control improved.

Overall happiness at school increased as children gained
confidence and experienced more success with learning
tasks.

Teachers also reported that due to their increased knowledge
and the daily implementation of UP, children with developmental
challenges had become easier to identify. As a result, referrals for
additional assessment and support services were expedited. The
schoo! principal reported that these children were “few” after a
year on the program.

NAPLAN

Of the 42 children who commenced UP in Year 1, 2012, 31 (74%)
remained in the school by Year 3 and undertook NAPLAN testing
(n=31). When the school compared the 2011 NAPLAN results of
children who had not participated in the UP program in the same
school (n=48), the 2014 UP cohort revealed a substantially lower
percentage of students scoring in the lowest 3 Bands: 219 and
8% respectively. These results are reflected across all subject areas
of the NAPLAN assessment (Figure 3). The school also noted an
increase in the number of Band 6 scores between 2011 and 2014:
10% and 16% respectively.

When NAPLAN results are compared to those of similar schools
in 2011, the 2011 (pre-UP cohort) had a greater percentage of
children in the lowest 3 Bands across all subject areas, except
writing. In comparison, the 2014 UP cohort has notably fewer
children scoring in the lowest 3 Bands in writing {0%), spelling
(9%) and numeracy (6%}, when compared to those of peers from
schools of similar standards — writing (14%j}, spelling (15%) and
numeracy (18%) (Figure 4).

Figure 5: NAPLAN Reading:
median achievement
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Percentage of students in the school with NAPLAN results at two years level:

NAPLAN Numeracy: Median Achievement
UP School v Similar Schools & Australian Schools 2011-2013

Figure 6: NAPLAN
Numeracy: median
achievement scores, Year
3,2011vYear5, 2013, UP
program school versus
similar schools, peers with
similar starting scores

in 2011, and Australian

T8%

e schools
» -y Reproduced with
§ permission, ACARA
7]
o |
= ime — — — =
[
o
[
pe
[l | A -
=L
]
T |- -
viar i Yaar 5
BT 23

& Median achievement of students in the school,
T Margin of error at 90% level of confidence.

Median achievement of students in the school with similar stugents {statisticay similar schools) and margin of error at 90% level of confidence.

A Medsan achlevement of students with the same starting scores.
B Medan achievement of alf students.

One of the main objectives of the National Assessment Program
is to monitor trends in performance over time (ACARA 2013).
NAPLAN literacy and numeracy changes across time are not yet
pessible to determine with the 2014 UP cohort. However, Year 3,
2011 (pre-UP) children, who had shown comparatively lower levels
of achievement against similar schools in NAPLAN testing in 2011,
undertook the daily UP program in Year 4 for the entire school year.
NAPLAN Year 5, 2014, resuits in both reading and numeracy show
considerable gains (median scores) when compared to statistically
similar schoals as well as to peers who had obtained similar scores
inYear 3, 2011 (Figures 5 & 6).

Conclusions

The 25-minute daily UP schoo! activity program, as part of
the morning literacy or numeracy lessons, appeared to have a
significant positive effect across multiple domains of almost all
of the childrens development including academic achievement,
behaviour, and physical, social and emctional skills. Importantly,
these effects included improvements in classroom learning and
playground behaviour, and the effect appeared to hold in later
literacy and numeracy assessments. There was a considerable
reduction in the number of children scoring in the lowest three
NAPLAN Bands across all subject areas, and an increase in the
number of children scoring in the highest NAPLAN Bands.

In an ideal world, it would be more effective, efficient and

neurologically timely for children to develop the essential
movement patterns, experience appropriate sensorimotor
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stimulation and enable maturation of essential neurological
pathways that form the foundations for learning before starting
school, However, the brain, while most receptive to sensorimotor
experiences in the first years of life, does continue to respond,
connect and change throughout life (Kolb & Whistaw 1998).
School programs based on the neuro-physiological and
scaffolded process of sensorimotor development that, in an “ideal
world”, accur naturally from before birth may enable school-aged
children to “rebuild” the optimal neurological pathways necessary
for higher cognitive thinking and learning. Furthermore, the
experiences and opportunities the UP program provides children
may also contribute to how genes are expressed (Zhang & Meaney
2010}, The children’s DAP results improved considerably for almost
all children in the Year 1 cohort. While Arden, Trzaskowski, Garfield
and Plomin (2014) drew a correlation between a child’s DAP results
at four years and intelligence at 14 years, and point to the genetic
component of their findings, these reported findings support the
theory that environmental opportunities can affect how a gene
expresses itself and how a child’s life-course can be altered by
experience and opportunity (Zhang & Meaney 2010).

Importantly, to be effective at enabling neurological changes
and influencing genetic expression, the activity program must be
a regular, daily commitment conducted over a sustained period
of time. How the brain is structured, and how well it functions is
determined by the frequency, duration and the intensity of activity
{Campbell 2006). Neuro-developmentally based movemnent
programs run only once a week will do little to change the course
of development or [earning outcomes.




Schools are constantly seeking ways to improve learning outcomes
and the UP program cannot be assumed to function in isolation
from additional, systematic and foundational teaching strategies.
However, as the school principal reported, it can assist these
strategies in being more successfully implemented. Additionally,
teachers reported that they were more adept at identifying children
who had developmental challenges and so referred to external
sources for professional assistance. This may also have improved
a child's developmental and learning trajectory. While this may be
viewed as a confounding factor, it is also a constructive outcome
of the UP program as children requiring additional support are
recognised and referred to additional support services sooner.

Recommendations

This report adds understanding to the very complex puzzle of how
children can be assisted to learn more successfully. The reported
outcomes provide substantiation to the “No child shall fail” study
outcomes {Mirabella, Sasse & Schriever 2008} and more recent
studies investigating the link between motor skills and learning
(Hernandez & Cacgola 2015; Luz, Rodrigues & Cordovil 2015;
Reikerds, Moser & Tennessen 2015; Esteban-Cornejo et al. 2014).
The outcomes support the proposition that physical programs
based on the neuro-physiological pattern of sensorimotor
development may improve learning and classroom skills. While
it is acknowledged that the author of this report is also the co-
author, and implementer of the UP program for schools, further
Independent research with larger school populations would be
appropriate, recommended and invited.

How well a child functions in the classroom is influenced by the
neurological structures that are in place to support the cognitive
demands (Melillo & Leisrman 2004). Structure determines function
(Sporns & Tononi 2005), and the structure builds from early in
development. Maternal, child and family health nurses play
a key role in ensuring parents are aware of, and have access to,
educational materials and activities that assist in the development
of a healthy neurological system from birth. Confidently promoting
the important role that sensory and motor experiences play in
preparing a child for later school success is an important part of
that role.

Children who miss out on key developmental opportunities in
the years preceding schoo! need to be provided with the chance
for a “peurological catch-up’, or they are placed at risk of long-
term failure (Brinkman et al. 2013). While it may be challenging
for schools to include a neurodevelopmentally based active
movement program in an already crowded curriculum (Sallis
et al. 2010), especially when favour is given to academic pursuit
(Audit Office NSW 2014} its inclusion may assist many children
to learn more successfully. From the participating teachers’
perspective, the UP program was worth every “inconvenience” of
the 25-minute daily activity routine. Even though it replaced time
that had historically been spent on literacy or numeracy classes,
the teachers now insist that the program be run in every class, on
every day at school. As the school principal reported:

The Year 1 classes have followed the UP program religiously ...
One of the teachers is highly experienced — one of the best |
have seen — and was cautious at first of adopting the program.

However, she now swears by it and will not let anything take away
from sensorimotor time. The teachers comment that the children
are different when they don't (do the UP program). Importantly,
the children are now more successful and much happier at school,
if I was to give this program a score, | would give it top marks.

Permission statement

The data used in this report is sourced and reproduced, with
permission, from the Australian Curriculum, Assessment and
Reporting Authority’s {ACARA) My Schocl website 2015 and the
school at which the program was implemented.
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