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ABSTRACT

Lecturer, Department of Occupational Therapy, School of Therapeutic Sciences, Faculty of Health Sciences, University of Witwatersrand,
Johannesburg, South Africa
Introduction: The vestibular system plays an important role in postural control and an upright posture when seated at a table. Some
children have difficulty with their in-seat posture resulting in increased in-seat movement. This research investigated the effect of the
Astronaut Training Protocol on a child’s vestibular processing and postural control, and by extension their in-seat behaviour.
Method: A case study research design with multiple data sources was used with four participants identified presenting with dysfunction
in in-seat posture and in-seat movement. Data were collected over three phases: Pre-Astronaut Training (Baseline), Post-Astronaut
Training (Intervention) and Withdrawal. The Pre-Astronaut Training and Withdrawal phases consisted of four sessions of sensory-based
occupational therapy while the intervention phase included eight Astronaut Training sessions in addition to regular sensory-based
occupational therapy. Four assessments were used to determine vestibular and postural control changes at each phase: Movement ABC
one-leg balance, Post-rotary Nystagmus (PRN) test, in-seat posture assessment (designed for the purpose of this study), and in-seat
movement through the collection of data using an accelerometer.
Results: Participants’ scores differed, depending on their initial ability to tolerate rotary input. This research showed that change in
vestibular function and postural control differed for participants who could tolerate rotary input and those who were over-reactive to
rotary input at the start of the study. Generally, the participants who were over-reactive to rotary input showed greater improvement
Post-Astronaut Training with continued smaller improvements into the Withdrawal phase. Participants who could tolerate rotary input
showed improvement in in-seat posture and in-seat movement during the Post-Astronaut training phase and deteriorated during the
Withdrawal phase.
Conclusion: The Astronaut Training Protocol can improve vestibular function and postural control in children with poor in-seat posture
and in-seat movement, although the frequency and intensity of the programme still need to be confirmed.
Keywords: vestibular processing, in-seat movement, in-seat posture, reaction to vestibular input, sensory-based occupational

therapy, Astronaut Training Protocol.

INTRODUCTION

needed for learning2,5. Therefore, children with poor vestibular
processing may display decreased balance, poor posture, a lack
of attention and tend to move or fidget constantly in their seats4.

The vestibular system is responsible for maintaining the head in
midline, upright body posture, postural control, balance, and providing a stable visual field1. To succeed in the classroom, children
need to maintain an adequate upright posture in sitting at a desk
while performing academic tasks. Low postural tone and a lack of
adequate postural control may result in an inability to maintain this
posture. Children with these deficits tend to flex over the desk and
use their non-dominant hand to prop up their head while working on school-related tasks2,3. They may seek additional sensory
input (such as proprioceptive and vestibular input) by moving in
their seats4. This movement facilitates their postural control but
compromises their ability to pay attention in class. The conscious
effort required to monitor and maintain their posture as well as
the fatigue experienced, further compromises the mental energy

LITERATURE REVIEW
Postural control is the ability to sustain alignment of the body whilst
upright in space. It requires the development of muscle strength
for anti-gravity movements, proximal axial control, dynamic cocontraction and mature postural reactions6. To achieve postural
control and upright posture, the integration of the vestibular, somatosensory, visual6 and musculoskeletal7 systems, is needed7. The
vestibular system is situated in the inner ear and consists of the semicircular canals and the otolith organ. It supports several important
functions related to postural control, mobility, balance reactions,
the upright positioning of the head in relation to gravity, maintaining
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a stable visual field, eye movements, postural adjustments, bilateral
coordination and autonomic nervous system functions8–10.
Vestibular impulses need to be integrated with the vestibularspinal tracts and reticular-spinal tracts. These tracts play a role in
postural adjustments in the trunk and upper limbs, and to a smaller
extent on the lower limbs which have an impact on one leg balance.
Children with vestibular difficulties may have an over-reaction to
equilibrium demands and try to over-compensate. The lack of integration between the vestibular and proprioceptive systems can
cause poor equilibrium, righting reactions and thus poor postural
control11. These functions are required to successfully perform activities of daily living12. Children require an intact vestibular system to
develop sufficient gross motor and fine motor skills which facilitate
their appropriate interaction and participation in the classroom8–10.
In modern times, children participate in fewer activities which
facilitate gross motor skills and postural control due to the increase
in the development of technology and time spent on screens13 as
well as the increase in time spent sitting during structured activities in the classroom3. Preschool and Grade R learners spend less
time on free play and exploration since there is more emphasis on
academically orientated activities and table-top tasks. According to
Bassok, et al.14 there is more pressure on teachers to get children
academically ready for Grade 1. A deterioration in children’s posture
and the increased need to fidget have therefore been observed,
particularly in children diagnosed with developmental disabilities
such as attention deficit hyperactivity disorder. Hanscom3 explains
that this is due to the decreased time children spend moving and
engaged in physical play, resulting in them not developing sufficient
core muscle strength to keep themselves sitting upright in the
classroom. Teachers have also reported that more students are
struggling to sit and pay attention and are constantly fidgeting or
getting out of their chairs3.
To succeed in a classroom, a child needs to be able to maintain
an upright posture. Fidgeting is a compensatory strategy for children in an attempt to gain more sensory input to feel alert enough
to focus, however, often this movement does not provide enough
intensity to sustain the focus required3. This negatively impacts on
the development of fine motor skills such as handwriting as there
may not be sufficient proximal stability in the shoulder and forearm
to allow for hand dexterity, pencil control and fine motor skills15–17.
Occupational therapists are involved in the assessment and treatment of postural control but there is a limited number of standardised assessments available for evaluating vestibular function in
children. The Post-rotary Nystagmus (PRN) Test, a subtest of the
Sensory Integration and Praxis Test (SIPT), assesses the integrity
of the vestibular-ocular reflex18 and the balance subtests from The
Movement ABC219 and SIPT, provide information about vestibular
processing although it must be recognised that they were not
designed to assess vestibular function12.
Postural changes over time and movement while sitting may
be considered for the assessment of in-seat posture. Many studies
focused on the seated posture by looking at the centre of pressure
using a force platform20,21. This method is not however, always viable in a therapy setting. Other methods such as video recordings22
or observational scales23 have been used to assess postural control
and are easier to implement in private practice. There is a need for
more research into alternative ways to measure seated postural
control (for example, a descriptive assessment to measure posture
in children without severe motor impairments).
Intervention for postural control in occupational therapy differs,
and one programme that can be considered is the Astronaut Train-

ing Protocol, which was designed, based on the sensory integration
framework, to stimulate and integrate the vestibular, visual, and
auditory systems and expand on treatment strategies and clinical
reasoning24. The protocol allows for stimulation of the vestibular
system through rotation, inversion and linear movement.
Rotation is used to activate the semi-circular canals of the
vestibular system by the therapist rotating the child once every
two seconds in time with the Astronaut Training music. This is
done in sitting and side-lying on the left and right sides. Through
rotation, the ocular muscles are activated due to the post-rotary
nystagmus. The visual system is stimulated by using smooth
pursuit and saccadic eye movements horizontally, vertically, and
diagonally, as well as convergence and divergence. This is done
by following moving penlights held by the therapist. Throughout
the programme, specific music tracks are played to stimulate
the auditory system to encourage spatial awareness and timing
of movement. Vestibular and core activation activities are used
at the end of each Astronaut Training session to further activate
and regulate the vestibular system24. Activities done in prone and
supine (such as swinging in a hammock swing or using a scooter
board) can further activate postural control.
The Astronaut Training Protocol may be beneficial in the direct
treatment of the vestibular system due to the direct stimulation
of the semi-circular canals and otolith organs. In terms of treating
postural control, it can be hypothesised that using the core activities after vestibular stimulation, anti-gravity movements can be
stimulated to strengthen the trunk and neck extensors and flexors
required to keep an upright posture. These activities require the
appropriate feedback and anticipatory response for the child to
adjust their body to master the activity, have a theme and music
(which children find enjoyable) and therefore assist in motivation
and volition which are important components in the motor learning theory6. The Astronaut Training Protocol is used as an adjunct
to sensory-based occupational therapy25 since literature indicates
that the vestibular system is the foundation for the postural control
needed to maintain and upright posture at the table.
Even though this programme is well-known in many countries, and in addition, is used by 40% of occupational therapists
with an interest in sensory integration in the United States of
America24, there is no published research on the effectiveness
of the programme. Sixty three percent of these therapists use
it to stimulate postural-ocular control, 57.9% for oculomotor
control and 46.4% for balance skills. On average, this programme
is used for up to three months as a sensory-based intervention.
No research could be found on the recommended frequency
and intensity when using the protocol. There is therefore a need
for evidence-based research to assist in the therapist’s clinical
decision-making when selecting the Astronaut Training Protocol
as an intervention strategy.
The aim of this study was to determine the change in balance
and postural control when children receive intervention using the
Astronaut Training Protocol and whether an impact on their in-seat
posture and in-seat movement was observed. In addition, it looked
at whether there was carry over after withdrawal of the Astronaut
Training Protocol.

METHODOLOGY
Study Design
A descriptive case study26 with multiple data sources was conducted
on four participants, between the ages of five years three months
and six years four months.
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Population and sampling

This assessment was completed after the balance assessment as
some children may get disorganised by the rotary input. The assessment has good interrater reliability of 0.9818,28 and test-retest
reliability of 0.8329 and 0.8030. Participants’ responses to the rotary
input were monitored to determine if any participants had difficulty
modulating this input. Signs of difficulties in sensory modulation
i.e., sensory over-reactivity such as flushing, headaches, nausea,
sweating or dilation of pupils were recorded. These observations
were extremely important to determine how much rotary input the
participant could tolerate, which impacted the amount of rotation
they then received during the Astronaut Training Protocol.

Participants were recruited from a private paediatrics practice in
Johannesburg, South Africa, via convenient sampling. Participants
who displayed poor in-seat posture, in-seat movement (i.e., fidgeting) and vestibular difficulties were identified via parent observations
and occupational therapy assessment of the children’s ability to
assume and maintain the supine flexion and prone extension positions based on the clinical observations assessment27. The ability
to assume these positions is a strong indicator of intact vestibular
and proprioceptive systems25. All participants were already receiving input from the same occupational therapist who documented
their responsiveness to rotary input and who implemented the
Astronaut Training Protocol. The assessments were conducted by
an independent occupational therapist to prevent bias.

In-seat posture

The following assessments were used to measure change in vestibular processing and postural control:

To analyse in-seat posture, a posture assessment was developed
based on the Chailey Levels of Postural Ability31. This assessment
was adapted as it was designed to assess children with neurological impairment. The participants’ in-seat behaviour was assessed
by determining in-seat posture during a 10-minute table-top task
they were asked to complete while seated. The participants were
assessed and re-assessed in the same occupational therapy room,
with the same activity, table and chair, at a similar time of day. A
video camera was placed on the participants’ non-dominant side
to obtain a full lateral view. Their posture was analysed on a frame
from the video recording at two separate points: at 7.30 minutes
in (posture 1) and then again at 9.30 minutes in (posture 2). These
two screenshots at the specific time were used to prevent examiner
bias when assessing their posture.
The posture was analysed according to descriptors of deviation
from the upright neutral posture for the knees and feet positioning,
buttocks in contact with the chair, pelvic girdle positioning, hip position, trunk position, shoulders, head alignment and engagement of
arms in the activity. A score of one was given for each descriptor
which indicated deviation from the neutral upright position in sitting.
Scores closer to zero indicated optimal posture. Since the results
for the two posture assessments were similar, they were combined
and averaged for in-seat posture. Although this assessment does
not have proven validity, the use of video assessment meant that
the results could be reassessed and checked for accuracy.

One-Leg Balance

In-seat movement

The one-leg balance was assessed using the Balance subtest of the
Movement ABC-2. Participants were asked to balance on one leg
with their eyes open. Raw scores were converted into standardised
scores19 and then z scores. Z scores between -1 and +1 are within
the typical range. Static balance includes vestibular, proprioception
and visual processing, particularly the macular receptors in the
otolith organs of the vestibular system18. The test-retest reliability
of the balance subtest was 0.7319.

The ActiGraph accelerometer (ActiGraph GT3X+, ActiGraph,
Pensacola, FL) was used to measure motor activity through detection of the intensity of movement. It measured sedentary activity
by using low movement counts32,33. The accelerometer was worn
on an elastic band around the participant’s waist over their clothing
to assess movement of the trunk while the participant was seated.
ActiGraphs have a reliability of 0.90 to 0.99 if placed on the same
individual in the same place34. The accelerometer was initialised
to record at a sample rate of 100 Hz in 10 second segments. The
participant’s in-seat movement was isolated and tracked assessing
three axes, thus measuring vertical, horizontal and perpendicular
movement33. These scores were combined to provide a total score
movement called vector magnitude.

*Ethics
Signed, informed consent was obtained from parents and informed
assent was obtained from the participants for participation in the
study and for the children to be videoed. Ethical clearance was
obtained from the ethics committee at the University of Witwatersrand (M170522). Parents and children were assured that the
participation was voluntary, and they could withdraw at any time
with no negative consequences. Parents completed a background
questionnaire, and it was documented whether the participant was
on medication for concentration.

Data Collection
Data were collected on each participant on three occasions:
• Pre-Astronaut Training to provide baseline data,
• Post-Astronaut Training (after eight Astronaut Training sessions
with sensory-based occupational therapy),
• Withdrawal (four sensory-based occupational therapy sessions’ later) without implementation of the Astronaut Training
Protocol.

Research Instruments

Post-rotary Nystagmus (PRN)
The Post-rotary Nystagmus (PRN) subtest from the Sensory Integration and Praxis Test (SIPT) was used to assess the integrity of the
vestibular-ocular reflex, provided there are no peripheral vestibular
problems18. Scores were converted to z scores using the Sensory
Integration and Praxis Test computerised scoring software. Scores
between -1 and +1 are within the typical range. A low PRN score
indicates low central nervous system responsivity to vestibular
input, whilst a high score indicates poor inhibition of the central
nervous system on the reflex18. Neither of these are favourable.

Intervention
All participants received 12 occupational therapy sessions in total:
eight Astronaut Training sessions (intervention) in conjunction with
sensory-integration based occupational therapy, and four sensorybased occupational therapy sessions without the Astronaut Training

*Ethical clearance for this study was granted prior to the enactment of the amended POPIA on 2021-07-01
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Figure 1: Balance
scores for each
participant (n=4).
Table I: Frequency of intervention
Participant Number of
weeks Astronaut Training
took place

Number
of weeks
Withdrawal
took place

Overreactive to
rotary input

M001

3 weeks

4 weeks

M004

3 weeks

5 weeks

Tolerates
rotary input

M002

6 weeks

4 weeks

M003

7 weeks

10 weeks

Data Analysis
Data were analysed through descriptive statistics. Demographics of
age, gender and taking medication for concentration were analysed
as nominal data, whilst tolerance for rotary input was analysed as
interval data. Pre-test and post-test assessments were ordinal and
interval but were analysed descriptively due to the small number
of participants35.

RESULTS
Participants ranged from five years three months to six years four
months, three of which were male and one of which was female. All
participants were white, attended various private schools in Johannesburg, as well as occupational therapy sessions with the same therapist
at the private practice where the study was conducted. None of the
participants were on medication for their concentration during the
study except participant M003 who started medication during the
Withdrawal phase. Two participants (M001 and M004) were overreactive to rotary vestibular input and their tolerance for the amount
of rotation was carefully graded. When sympathetic nervous system
signs of overstimulation such as flushing, going pale, increased breathing or heart rate, sweaty hands or feeling nauseous were observed,
they were counteracted with proprioceptive activities or applying ice
to the palms of the hands, temples of the head and behind the neck24.

(Withdrawal). Sensory-based occupational therapy was conducted
by the same occupational therapist who also implemented the
Astronaut Training Protocol. This therapist was qualified in Ayres
Sensory Integration® as well as other sensory integration-based interventions such as the Astronaut Training Protocol. All participants
received eight sessions for the Astronaut Training Protocol but the
frequency depended on participants’ schedules.
Therapy attendance varied per participant, some attending
sensory-based occupational therapy once per week with participants who were over-reactive to rotary input attending therapy
more often (Table I above). Therapy attendance depended on
participants’ and parents’ schedules as well as school holidays. One
participant, M003, was inconsistent with her therapy attendance
during the Withdrawal phase and this phase took place ten weeks
later as opposed to four weeks.

Vestibular function
Changes in vestibular function were analysed at Pre-Astronaut
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Figure 2:
In-seat posture
scores for each
participant
(n=4).
Table II: Combined Balance z scores at Pre-Astronaut Training,
Post-Astronaut Training and Withdrawal phases
Balance

Median
(Lower
Quartile
and Upper
Quartile)

Table III: Combined in-seat posture scores at Pre-Astronaut
Training, Post-Astronaut Training and Withdrawal phases
In-seat
posture

Difference in Median Scores

-1.22 (-1.73;
-0.70)

Post- Astronaut Training
Withdrawal

-1.60 (-1.60;
-1.60)

Pre-Astronaut
Training to
Post-Astronaut
Training

-0.38

-1.12 (-1.60;
-0.65)

Post-Astronaut
Training to
Withdrawal

0.48

Pre-Astronaut Training

7 (6.00-6.00)

3

4.25 (4.00-6.00)

Pre-astronaut Training
to Post-Astronaut
Training

Post- Astronaut Training
Withdrawal

4 (3.00-5.50)

Post-Astronaut Training
to Withdrawal

0.25

Tolerates rotary input (n=2)

Tolerates rotary input (n=2)

Pre-Astronaut Training

Pre-Astronaut
Training

Post- Astronaut Training

2.5 (1.00-3.00)

Withdrawal

5 (4.00-6.00)

Post- Astronaut Training
Withdrawal

-0.67 (-1.00;
-0.70)
-0.50 (-0.65;
-0.35)
-0.32
(-1.00; - 0.35)

Difference in Median
Scores

Over reactive to rotary input (n=2)

Over-reactive to rotary input (n=2)
Pre-Astronaut
Training

Median
(Lower Quatile
and Upper
Quartile)

Pre-Astronaut
Training to
Post-Astronaut
Training

0.17

Post-Astronaut
Training to

0.18

6 (5.00-7.00)

Pre-Astronaut Training
to Post-Astronaut
Training

3.5

Post-Astronaut Training
to Withdrawal

-2.5

Balance
Participants M001 and M004 who were over-reactive to rotary input
had z scores greater than -1.5, indicting dysfunction Post-Astronaut
Training with participant M001 showing deterioration in his score.
The participants who tolerated rotary input all had z scores of
less than -1 Post-Astronaut Training and their scores improved
or remained the same compared to Pre-Astronaut Training. At
Withdrawal participant M001 showed improvement with the score
being better than that at Pre-Astronaut Training. Participant M004
showed no further improvement on Withdrawal. Participant M002
was the only participant to show improvement in balance over the
three phases, whereas participant M003’s balance score was lower
at Withdrawal which could have been due to inconsistent therapy
attendance in this phase (Figure 1 p68)
Table II (adjacent) indicates that for balance, the scores decreased from Pre-Astronaut Training to Post-Astronaut Training
for participants who are over-reactive to rotary input, but an im-

Training, Post-Astronaut Training and after Withdrawal by assessing
post-rotary nystagmus and balance:

Post-rotatory Nystagmus (PRN)
Post-rotary Nystagmus scores were within the typical range for
all participants throughout the study. Scores are therefore not
included in the analysis of the intervention. It is likely that these
scores were typical as participants were already undergoing
sensory-based occupational therapy and thus received stimulation
to their semi-circular canals. The observations made regarding
tolerance of rotary input were extremely important in the implementation of the protocol.

69
South African Journal of Occupational Therapy — Volume 51, Number 2, AUGUST 2021

© SA Journal of Occupational Therapy

Figure 3:
Accelerometer
Vector
magnitude inseat movement
scores for each
participant
(n=4).

provement was seen in the Withdrawal phase. There was improvement from Pre-Astronaut Training to Post-Astronaut Training for
participants who tolerated rotary input and again to Withdrawal.

A difference was found for vector magnitude between the PreAstronaut Training and Post-Astronaut Training for participants who
were over-reactive and tolerant of rotary input, with a reduction in
in-seat movement during the Intervention phase. Participants who
were over-reactive to rotary input continued to improve into the
Withdrawal phase. A negative difference was found between the
Post-Astronaut Training and the Withdrawal phase in participants
who tolerated rotary input, indicating that gains made during the
Post- Astronaut training were not retained when the intervention
was withdrawn. Thus, participants who tolerated rotary input
became more fidgety in the Withdrawal phase (Table IV pg71).

Postural control
Changes in postural control were analysed Post-Astronaut Training and after Withdrawal by assessing in-seat posture and in-seat
movement:

In-seat posture
Scores closer to zero indicate better posture; all participants improved between the Pre-Astronaut Training and Post-Astronaut
Training except participants M001 who remained the same. The
posture of participants who could tolerate rotary input at the start
of the study deteriorated during the Withdrawal phase, while the
posture of participants who were over-reactive to rotary input
continued to improve into the Withdrawal phase. (Figure 2 pg 69).
There was improvement indicated by a positive change in scores
for posture between Pre-Astronaut Training and Post-Astronaut
Training for participants who were both over-reactive to rotary
input and who could tolerate rotary input.
At withdrawal there was a very small improvement in participants who were over-reactive to rotary input while the participants
who could tolerate rotary input, did not continue to show improvements and their in-seat posture deteriorated. (Table III page 69 ).

DISCUSSION
Effects of the Astronaut Training Protocol on vestibular
function and postural control

In-seat movement

Findings indicate a change in vestibular function and postural control
following the Astronaut Training Protocol for four participants using
a case study research design. Clinical change for in-seat posture
and in-seat movement was found Post-Astronaut training for all
participants. This indicated that both groups displayed improved
posture with less fidgeting at the table Post-Astronaut Training.
Co-contraction of the trunk is partially based on semi-circular
canal inputs transported via the lateral vestibular spinal tract which
receives information from both the otolith organs and semi-circular
canals7. These then innervate the muscles in the spinal cord of the
cervical, lumbar and sacral areas5 which then facilitate postural
control of upright posture against gravity.

The scores from the Actigraph Accelerometer vector magnitude
were used to analyse overall fidgety movements (Figure 3 above).
A lower score indicates less in-seat movement, and this was found
for all participants at Post-Astronaut Training, except for participant
M001 who presented with very little movement at Pre-Astronaut
Training.
The participants over-reactive to rotary movement, showed
similar or less in-seat movement Post-Astronaut Training and at
Withdrawal. The remaining participants who tolerated rotary movement, all displayed an increase in in-seat movement at Withdrawal
phase with participant M003 increasing to a higher score than that
for her Pre-Astronaut Training.

Participants: over-reactive to rotary input
Participants M001 and M004 displayed autonomic nervous system
responses indicative of over-reactivity to rotary input, thus fewer
revolutions were done in each Astronaut Training session. However,
these participants attended the eight Astronaut Training sessions
over a shorter period and both showed improvements in in-seat
posture and in-seat movement Post-Astronaut Training. These
improvements continued into the Withdrawal phase. The increased
frequency of the Astronaut Training Protocol may have had a
positive impact on their results. Vestibular input can accumulate
and last in the body for a few hours after receiving stimulation36.
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Table IV: Combined Accelerometer Vector magnitude in-seat
movement scores Pre-Astronaut Training, Post-Astronaut
Training and Withdrawal phases
In-seat
movement

Median (Lower
Quartile and
Upper Quartile)

behaviour was observed. This confirms the literature which states
the vestibular system is needed for an upright posture against gravity
and thus postural control8–10 which was achieved by stimulating the
different vestibular receptors in the Assonant Training. Consistency
of therapy impacted the results. Participant M003 was inconsistent
during the Withdrawal phase and it impacted all of her scores which
were worse than her Pre-Astronaut Training Baseline.
Participants who can tolerate rotary input, as well as having a
diagnosis of ADHD, associated with concertation deficits, appear to
need more vestibular input to activate their postural control to assist
in their in-seat behaviour. These participants may have benefited
from more Astronaut Training sessions since continued vestibular
stimulation may be beneficial in children with ADHD42. Clark et al.41
recommended vestibular input three times per week for 12 weeks
and according to Toyoma25, this programme is used in conjunction
with sensory-based occupational therapy for up to three months.
Participant M002 showed improvements Post-Astronaut Training in balance with participant M003 having no change which reinforces the literature stating that stimulation of the otolith organs has
an impact on balance36. An overall improvement in balance was seen
during the Astronaut Training Protocol and further improvement
was seen through stimulating the otolith organs in sensory based
occupational therapy by working on the vestibular system using a
variety of swings, balancing activities, and inverting the body during
games. Other factors that could affected balance were righting and
equilibrium reactions43, biomechanical difficulties in body alignment,
ankle stability and anticipatory postural adjustments44 and proprioception38. Some of these areas were observed and addressed but
not specifically targeted during the Astronaut Training. These areas
were, however, often addressed in sensory-based occupational
therapy, which could explain why further improvement was seen
at Withdrawal for participant M002.

Difference in Median
Scores

Over reactive to rotary input (n=2)
Pre-Astronaut
Training

6582.77 (1652.1811513.37)

Post- Astronaut Training

4788.94 (2212.027365.87)

Withdrawal

3855.79 (1423.866287.73)

Pre-Astronaut
Training to
Post-Astronaut Training

1793.83

Post-Astronaut Training
to Withdrawal

933.15

Pre-Astronaut
Training to
Post-Astronaut Training

1770.30

Post-Astronaut Training
to Withdrawal

-2195.11

Tolerates rotary input (n=3)
Pre-Astronaut
Training

4049.46 (531.884270.45)

Post- Astronaut Training

2279.16 (669.143316.16)

Withdrawal

4474.27 (2414.166534.38)

Continuous vestibular input of the correct duration and intensity
may result in better integration of the vestibular system and may
explain the changes observed for participants M001 and M004. This
could indicate that children with an over-reactivity to rotary input
may benefit from increased number of sessions of the Astronaut
Training Protocol.
Balance scores that deteriorated in the Post-Astronaut Training
phase however improved at Withdrawal. Participant M001’s balance scores Post-Astronaut Training showed a large deterioration
which could have skewed the overall scores. This could have been
due to decreased motivation to participate in the balance test on
that particular day37. Participant M004’s balance improved PostAstronaut Training but remained below average. This may be due
to the balance difficulties being postural-based rather than only
vestibular, such as that of poor postural alignment, stability of the
feet and ankles and hip co-contraction38.

LIMITATIONS
A limitation of this study was the variations in consistency and intensity of the therapy. Some participants received therapy more than
once per week while others only once a week. Participant M003
did not attend therapy consistently due to parent schedules and
school holidays and the greater inconsistency was during the Withdrawal phase, and this appeared to have impacted on the results as
her scores deteriorated being worse than at baseline. There were
limitations with the assessments used. Assessing balance with the
eyes closed may have been a more sensitive way to assess vestibular
processing due to the elimination of visual input. The in-seat posture assessment was adapted from the Chailey Levels of Postural
Ability31 for the purpose of this study, and norms were measured
against the same criteria for each participant. However, this was
not a standardised test and therefore there were no z scores for
the in-seat posture assessment. There is also no literature that
indicates what the normal number of in-seat movements during
table-top activities is for children. As a result, in-seat movement
raw scores were compared against their own movement scores
to determine change.

Participants: tolerant of rotary input
Participant M002 displayed concentration difficulties and was
diagnosed with ADHD and placed on Ritalin after the study was
completed. Participant M003 was diagnosed with ADHD and placed
on Concerta during the Withdrawal phase. Both these participants
were able to tolerate rotary vestibular input. Studies have shown
that children with ADHD have subtle abnormalities in the central
nervous system39, sensory processing difficulties40 and almost half
of children with ADHD have vestibular deficits which impact the
semi-circular canals and otolith organs. Clark et al.41 found vestibular
stimulation in children with ADHD was effective in reducing the
effects of ADHD when done three times per week for 12 weeks.
While these studies also showed some maintenance of gains in
reduced impulsivity on follow up, they did not measure vestibular
function or postural control.
Both participants tolerant of rotary input showed an improvement Post-Astronaut Training in terms of in seat posture and in-seat
movement, however there was a deterioration into the Withdrawal
phase. This indicated that without the intense vestibular input
received in the Astronaut Training Protocol, a regression in in-seat

CONCLUSION
This research investigated the effect of the Astronaut Training
Protocol in treating the vestibular system that influences balance
and postural control and whether vestibular input would impact
in-seat posture and in-seat movement. Three of the four participants showed improvement in their balance, in-seat posture and
in-seat movement when comparing their Pre-Astronaut results to
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their Withdrawal phase results. Each participant presented with
different findings due to their unique difficulties.
It is important to determine if a child is over-reactive to rotary
input at the start of the treatment and how many rotations they
can tolerate. Participants with over-reactivity to rotary input, who
attended Astronaut Training sessions with increased frequency, appeared to show greater changes in in-seat behaviour Post-Astronaut
Training with continued smaller improvements into Withdrawal.
Whereas participants who could tolerate rotary input showed
improved in-seat behaviour Post-Astronaut Training with a deterioration into Withdrawal showing the need for more vestibular input
to activate their postural control, which facilitated better upright
posture with less fidgeting. These participants would most likely
benefit from more than eight sessions of Astronaut Training to have
greater carry-over into Withdrawal of the protocol.
The Astronaut Training Protocol can be considered to have a
positive impact on a child’s in-seat posture and in-seat movement as
seen by the large clinical effect on these two areas Post-Astronaut
Training. This treatment approach could therefore be used as a
modality, in conjunction with sensory-based occupational therapy,
to improve in-seat behaviour in the classroom. More research into
the intensity and frequency of the programme should be considered.
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