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SUMMARY

Difficulty using the affected hand when completing bimanual tasks is the greatest
functional limitation for many children with unilateral cerebral palsy (CP). A systematic
review conducted as part of this research program found that the Assisting Hand
Assessment (AHA) was the only valid and reliable assessment of affected hand use
during bimanual play for children from 18 months of age. No assessments were available
for younger children. For this reason, the primary goal of this research was to develop
and evaluate an adapted version of the AHA for children with unilateral CP aged 8-18
months (Mini-AHA).
In the Mini-AHA, toys that encourage spontaneous bimanual play actions are
used in a videorecorded play session. A literature review guided selection of toys to elicit
bimanual play in young children. Thirty toys were selected and trialled in 40 children
with typical development and 30 with unilateral CP. Typically developing children used
both hands 99% of the time. Bimanual play of children with unilateral CP varied
depending on the severity of their impairments (p <0.001). Suitability of current AHA
test items was also examined, and new items generated, resulting in a trial version of the
Mini-AHA.
The Rasch measurement model was used to analyse 108 assessments of 86
children with unilateral CP. Internal scale validity was strongly supported by goodnessof-fit for 20 test items and a principal component analysis indicated that the Mini-AHA
measures a unidimensional construct. The scale spread the children’s ability measures
with a person separation index of 9.69, indicating that the scale measured a wide range of
abilities with high precision and sensitivity to change.
Clinical utility of the Mini-AHA for assessment purposes and to guide
intervention for very young children with unilateral CP was explored within a clinical
reasoning model.
The findings of this series of studies has developed and provided content and
internal construct validity of the Mini-AHA. It is now possible to measure ability,
monitor development, guide intervention, and evaluate change of the affected hand
during bimanual performance in children with unilateral CP 8-18 months of age.
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CHAPTER ONE: INTRODUCTION
1.1 Overview: Using Two Hands
The hand is a unique and versatile part of the human body that is used in nearly
every aspect of daily life. We use our hands to manipulate objects or tools, to gesture
when communicating, to interact with our environment, and to soothe and provide
comfort. In early childhood hands are used to help learn about the world in which we
live. They are used to manipulate toys and other objects, and to learn about their
physical properties (Bushnell & Boudreau, 1998). They assist with early mobility and, as
language develops, they are used to provide information to caregivers about the child’s
wants and needs. While some everyday tasks can be accomplished using only one hand,
many activities require the use of both hands to complete them successfully. For
example, buttoning a shirt, tying up shoe laces, opening the lid of a bottle, and pouring a
drink are all easier to accomplish if two hands are used. When two hands are used
together the movement of the hands is adapted or modified to achieve the particular task
or goal (Utley & Steenbergen, 2006).
Bimanual actions are diverse but predominantly involve two coordinative patterns
(Fagard, 1990; Kimmerle, Ferre, Kotwica, & Michel, 2010). The first coordinative
pattern, called symmetrical or non-differentiated bimanual movements, occur when both
hands are used together to perform similar actions. These actions are performed either
simultaneously, for example when holding large objects or when banging two objects
together, or the actions are performed alternatively, such as when drumming with two
sticks. The second coordinative pattern, called asymmetrical or role differentiated
bimanual movements, occur when each hand performs different but complementary
actions on one or more objects, such as when using a knife and a fork or when taking the
lid off a bottle.
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When performing role differentiated bimanual tasks, children from 13 months of
age show a preference for using one hand for manipulation, while the other hand is
predominantly used to stabilise, hold, or position the object so that the preferred hand can
act upon it (Fagard & Jacquet, 1989; Fagard & Marks, 2000; Kimmerle et al., 2010).
While the preferred hand is generally more skilled, in children without impairment the
other hand is also proficient (Kimmerle, Mainwaring, & Borenstein, 2003). The amount
of asymmetry between the hands will depend on the type of task and may vary during
task performance. To complete bimanual tasks effectively the preferred and nonpreferred hand must work together smoothly in an efficient and co-ordinated manner.
Learning how to use both hands together is a major functional milestone in childhood
(Case-Smith, 2005; Corbetta & Thelen, 1996; Fagard, 1990). However, for some
children the presence of unilateral upper limb disability can affect how well they can use
both hands together. This thesis will focus on one condition that can result in a unilateral
upper limb disability: cerebral palsy.
1.2 Statement of the Research Problem
Children with unilateral cerebral palsy (CP) have one well-functioning arm/hand
and one that is affected by a motor impairment (Stanley, Blair, & Alberman, 2000;
Uvebrandt, 1988). A consequence of the unimanual impairment is that the affected
arm/hand is rarely used to perform unimanual tasks: the well-functioning hand is used in
these instances. Instead, the affected hand is predominantly used when everyday
bimanual tasks require the use of both hands. How well the affected hand can be used in
collaboration with the well-functioning hand will often determine whether the task or
activity can be performed or not. For example, children with unilateral CP who have
severe difficulty using their affected hand may not use both hands to perform tasks even
when needed. This means that some tasks may take much longer than usual because they
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are completed using only one hand, while other tasks may not be attempted at all. For
children with only a mild difficulty many bimanual tasks can be performed efficiently
and effectively with little or no detriment to performance. How well the affected hand
can be used in cooperation with the well-functioning hand to complete everyday
bimanual tasks is often the greatest functional limitation for children with this condition
(Krumlinde-Sundholm, Holmefur, Kottorp, & Eliasson, 2007; Sköld, Josephsson, &
Eliasson, 2004). Careful evaluation of this important component of upper limb
functioning is required in children with unilateral CP of all ages.
1.3 Purpose of the Thesis and Significance of the Research
The purpose of this thesis was to develop an assessment tool to describe and
measure how effectively very young children (less than 18 months of age) with clinical
signs of unilateral CP use their affected hand during bimanual task performance (play).
A comprehensive systematic review of the literature conducted as the first part of this
thesis confirmed that there were no previously developed measurement tools that
evaluated this important aspect of hand function in very young children with unilateral
CP. The ability to measure how well the affected hand is used during bimanual play may
be particularly important for young children because early childhood is a period of rapid
motor development when neural plasticity may provide the best conditions for
therapeutic interventions to influence motor outcomes (Al-Whaibi & Eyre, 2009; Martin,
Chakrabarty, & Friel, 2011). Evaluation at this time could provide clinicians and
researchers with valuable information about how bimanual skills are affected by the
evolving motor impairment, and about how these skills progress over time. Evaluation at
this time could also assist in determining whether a young child’s skills are different to
those of an older child whose motor patterns have become established, and careful
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evaluation of bimanual skills could also be used to evaluate and guide the effectiveness
of intervention programmes.
The remainder of this chapter will
1. Introduce unilateral cerebral palsy by defining it, describing the underlying
aetiology, and discuss the implications for terminology of early diagnosis.
2. Use dynamic systems theory as a framework to explain the child, task, and
environmental factors that may influence the assessment of the affected hand
during bimanual play in very young children with unilateral CP.
3. Outline current issues with assessment of upper limb function in very young
children with unilateral CP including the importance of assessing bimanual
performance.
4. Describe the aims and objectives of the research program reported in this
thesis, and
5. Outline the structure of the thesis.
1.4 Unilateral Cerebral Palsy
1.4.1 Definition
Cerebral palsy is the most common cause of physical disability in childhood with
a prevalence of 2-2.5 per 1000 live births in Australia and most developed countries
(Himmelmann, Beckung, Hagberg, & Uvebrant, 2006; Stanley, et al., 2000). Cerebral
palsy has been defined as “a group of permanent disorders of the development of
movement and posture, causing activity limitation, that are attributed to non-progressive
disturbances that occurred in the developing fetal or infant brain” (Rosenbaum et al.,
2007, p. 9).
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For children with unilateral CP the motor impairment primarily affects one side
of the body, while the other side is (relatively) well-functioning (Kulak & Sobaniec,
2004). Register data from Victoria, Australia (Reid, Carlin & Reddihough, 2011), and in
combined data sets from Europe and the United Kingdom (Surman et al., 2006;
Surveillance of Cerebral Palsy in Europe [SCPE], 2000), show that the predominant type
of motor disorder in unilateral CP is spasticity (89.0-90.8%). Fewer children have ataxia
(3.7-5.0%) or dyskinesia (4.4-6.7%) as their predominant motor disorder.
Approximately one third of children with spastic cerebral palsy have a unilateral
impairment (Reid et al., 2011; Rice, Russo, Halbert, Van Essen, & Haan, 2009).
1.4.2 Aetiology
Underlying causes of unilateral CP have been classified into four groups
according to the pathophysiological mechanism of the lesion responsible for the
impairment and the timing of the damage during development of the central nervous
system (Cioni et al., 1999; Feys et al., 2010; Staudt et al., 2004). In group 1, which occur
primarily in the first two trimesters of gestation, are adverse events that happen during
cerebral morphogenesis and neuronal migration, and which result in brain malformations.
In group 2, which are mainly a result of lesions occurring in the late second and early
third trimester, are periventricular white matter lesions due to either parenchymal
haemorrhages or to periventricular leukomalacia. In group 3 are cortico-subcortical
lesions, which occur mainly in the late third trimester or around the time of birth. These
are lesions of the grey matter structures (e.g. cortico-subcortical infarctions), lesions of
the basal ganglia and/or thalamus. Group 4 are non-progressive postnatal lesions
occurring after the first 28 days of life and before the age of three years. These are often
the result of traumatic events, heart diseases, vascular diseases, haematological disorders,
infectious diseases, genetic disorders, or other unknown causes. In groups 1, 3 and 4 the
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upper limb is usually more affected than the lower limb; and in those with unilateral CP
overall, two thirds of children have greater upper limb involvement or have equal upper
and lower limb involvement (Cioni et al., 1999).
1.4.3 Age of Diagnosis
The evolutionary nature of CP means that diagnosis of this condition can be
problematic (Blair & Love, 2005; Cans et al., 2004; Shevell, 2004). In a study by Rice et
al. (2009), the median age of initial diagnosis of CP was 12 months; however the range
when this diagnosis occurred was between 1 and 84 months (Rice et al., 2009).
Additionally, progressive and hereditary neurological disorders, as well as neoplastic, or
metabolic disorders must be eliminated as the cause of the observed abnormalities
(Krigger, 2006: Shevell, 2004). The lowest age limits that children with CP can be
registered with European and Australian CP registers, that is when the diagnosis can be
confirmed, is between three and seven years of age (Cans et al., 2004; Australian
Cerebral Palsy Register, 2009).
In this research program children with unilateral CP younger than 18 months are
the target population. As this age is considered too young for a definitive diagnosis
(Cans et al., 2004), the term clinical signs of unilateral CP will be used in this thesis.
Clinical signs of unilateral CP in young children include abnormal muscle tone,
increased unilateral reflexes, abnormal postures, and asymmetrical limb use such as an
early hand preference (Bouza, Rutherford, Acolet, Pennock, & Dubowitz, 1994; Krigger,
2006). When the term unilateral CP is used to describe children younger than 5 years of
age in this thesis it is with the presumption that this term refers to children with clinical
signs of unilateral CP.
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1.5. Assessing the Affected Hand during Bimanual Play in Very Young Children
with Unilateral CP: Theoretical Background
Understanding factors that can influence motor performance may help determine
important considerations for the assessment of that skill (Case-Smith, 1996). Dynamic
systems theory (DST) has been used to explain typical and atypical motor development
in very young children, including the development of motor skills in children with
cerebral palsy (Corbetta & Thelen, 1996; Darrah & Bartlett, 1995; Thelen, 1989;
Zwicker & Harris, 2009). This framework will be used to help determine factors to
consider when assessing use of the affected hand during bimanual performance in very
young children with unilateral CP.
Three principal concepts underpin DST. The first concept is that the most
efficient motor behaviour results from spontaneous self-organisation through the
interaction of multiple subsystems to achieve a functional goal. These subsystems or
variables derive from three sources: child characteristics, task demands and
environmental influences (Darrah et al., 2011; Thelen, 1996). DST challenges the notion
that for children with atypical development, “normal” movement patterns may be the
optimal way to develop motor skills. Rather, this theory proposes that alternate
movement solutions may be more effective. For children with atypical development
completing a functional task or activity may be the primary goal, and this may be better
achieved by using atypical means (Darrah & Bartlett, 1995; Darrah, et al., 2011).
The second concept is that skill emergence is characterised by variability in motor
behaviour, that this variability differs from individual to individual, and that motor skills
do not progress at a constant rate in a smooth linear fashion (Darrah, Senthilselvan, &
Magill-Evans, 2009; Thelen, 1996). The transition to a higher level skill level occurs
when a child starts to experiment with different motor skills and this period is believed to
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be a critical time to encourage new motor behaviours (Suave & Bartlett, 2010).
Carefully evaluating what a child is currently trying to do in their everyday lives can
indicate when and where intervention should be focussed (Law et al., 1998).
The third concept is that change in behaviour may be affected by any variable or
subsystem within the child, environment or task. Examples of child characteristics that
may affect goal performance include the integrity of the neurological and musculoskeletal systems, as well as factors such as cognition and temperament. Examples of
variables within the task (what the child does or is trying to do) which may affect motor
behaviour include the shape of the object being grasped, or the number of objects that are
being handled. Environmental influences include diverse factors imposed by social,
physical, and cultural factors that are not related to a specific task. For example, whether
the child is at home or in another less familiar setting can influence task performance
(Darrah, et al., 2011; Thelen, 1996). Variables that prevent success at a functional task
are viewed as “rate limiting factors”, which can be identified and manipulated
therapeutically to produce changes in motor skill (Darrah & Bartlett, 1995).
The DST framework will be used in this chapter to consider the child
characteristics, task demands and environmental influences that might affect how very
young children with unilateral CP use their affected arm/hand during bimanual tasks
performance so as to determine factors that are important to consider when assessing this
skill.
1.5.1 Child Characteristics that may affect Bimanual Hand Use in Children with
Unilateral CP
Using two hands together to complete bimanual tasks. Children with unilateral
CP have one arm/hand limb that is more affected than the other by a motor and sensory
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impairment. Unimanual impairments include reduced passive and active range of motion
in the affected arm and hand (Park, Sim, & Rha, 2011), increased muscle stiffness and
reduced strength (Vaz, Cotta Mancini, Fonseca, Vieira, & de Melo Pertence, 2006),
slower movements (Utley & Steenbergen, 2006; Utley, Steenbergen, & Sugden, 2004;
Utley & Sugden, 1998), reduced ability to reach for objects (Utley, Sugden, Lawrence, &
Astill, 2007), as well as impaired dexterity for grasping (Eliasson, Gordon & Forssberg,
1995; Gordon & Duff, 1999; Sugden and Utley, 1995) and releasing objects (Eliasson &
Gordon, 2000). However, children with unilateral CP rarely use their more affected hand
to complete unimanual tasks. Their affected hand is typically used only when needed
during bimanual task performance (Krumlinde-Sundholm et al., 2007). Performing
bimanual tasks is more complicated than completing unimanual actions as it requires the
spatial and temporal coordination of both hands to complete the desired task or activity.
There are multiple reasons why using both hands together may be difficult for children
with unilateral CP. It may not solely be the result of underlying unimanual impairment
(Eliasson, 2005; Steenbergen, 2011). In preschool and school aged children with
unilateral CP, some child factors that can influence bimanual hand use include
1. The presence of mirror movements. These are unintended movements of the
contralateral hand that occur in association with voluntary movements of the
other hand. Mirror movements occur in children without impairment and are not
abnormal per se. However, Kuhtz-Buschbeck et al., (2000) found that the
intensity of mirror activity in children with a unilateral disability was 15 times
stronger than in a control group, and they did not reduce with age as with children
with typical development. Mirror movements were more prominent in the less
affected hand, and their presence made completion of bimanual tasks more
difficult (Kuhtz-Buschbeck, Krumlinde-Sundholm, Eliasson & Forssberg, 2000).
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2. Difficulty with temporal coordination and scaling of fingertip grip forces
between the two hands when grasping objects. Islam et al., (2011) found that
during a grasping task, the ability of the well-functioning hand to grasp objects
was strongly affected by activity in the more affected hand, and concluded that
this may explain why children with unilateral CP prefer to use just one hand
during tasks that are typically performed with both hands (Islam, Gordon, Sköld,
Forssberg & Eliasson, 2011).
3. Difficulties with bimanual motor planning. Movement planning is essential for
skilled motor activities and involves the ability to predict the future state of the
motor system and the consequences of its action (Steenbergen & Gordon, 2006).
Janssen and Steenbergen (2011) showed that when children with CP who had one
side of their body more affected than the other were required to use either their
right or left hand unimanually during a grasping and placing task, their ability to
plan effective strategies was impaired as compared to children with typical
development. However, when both hands were used together, the performance of
the more affected hand was facilitated, although this was to the detriment of the
performance of the less affected hand. The authors’ suggested that this reduced
ability of the less affected hand during bimanual task performance was due to
having to focus attention on the more affected side when two hands were used
(Janssen & Steenbergen, 2011). Similarly, Houwink et al., (2011) questioned
why developmental disregard, which they defined as “a failure to use the
potential motor functions and capacities of the affected arm and hand for
spontaneous use in daily life” (p. 2158), did not improve in children with mild
unilateral impairment following intervention. They hypothesized that due to the
increased motor effort required to use the more affected arm and hand, there was
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a continued need for high attention or cognitive resources to be directed to that
arm/hand during the motor task. This may in turn disrupt performance of the
task and result in children with unilateral CP frequently avoiding use of the
affected hand during bimanual activities (Houwink, Aarts, Geurts &
Steenbergen, 2011).
This body of research about the performance of preschool and school aged children with
CP indicates that using two hands together is a complex phenomenon, that bimanual
activity performance in older children with unilateral CP is likely to be affected not only
by unimanual impairments but also by a number of other factors, and that it should be
evaluated. However, assessment of how well very young children with unilateral CP can
use their two hands together is also important as factors such as early cognitive abilities
or the emerging motor impairment may result in different issues for younger children.
Development of the central and peripheral nervous system. Evaluation of
bimanual hand use in very young children with unilateral CP is important because of the
rapid development of motor pathways during early childhood. In the brain, the
corticospinal (CST) tract is the main descending motor control pathway that guides
skilled movement. Development of this pathway occurs over a protracted period which
parallels skill development, although development is most rapid in the first two years of
life (Eyre, 2007). Typically developing young babies have bilateral CST projections
until about 6-12 months of age, after which ipsilateral projections are pruned and
contralateral projections become established (Eyre, 2007; Martin, et al., 2011).
When an early central nervous system lesion occurs, three different types of
corticospinal reorganisation can result (Holmström et al., 2010; Martin, et al., 2011;
Staudt, et al., 2004). In the first instance, usually when there is a small lesion,
projections from the cortices to the more affected hand are contralateral. This results in
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fibres from the contralateral hemisphere controlling the affected hand, as is typically the
case when there is no injury. In the second instance, usually when the lesion is larger,
CST projections are ipsilateral. This results in the contralesional hemisphere continuing
to control the affected hand. The third type of reorganisation is a mixture, which results
in the affected hand receiving projections from both hemispheres.
There is evidence that children whose affected hand is controlled by ipsilateral
projections have poorer hand functioning independent of the type of damage, while
children who have white matter damage associated with prematurity and contralateral
organisation of motor projections have the most effective hand function (Holmström et
al., 2010). For children whose control of the affected hand is via ipsilateral corticospinal
projections, the timing of the underlying brain lesion correlates significantly with the
degree of motor control. The earlier the lesion is acquired during the pre-natal and perinatal period, the better the efficacy of re-organisation with ipsilateral corticospinal tracts,
and the better the motor prognosis (Staudt et al., 2004). Although children whose motor
function is organised through ipsilateral projections can also achieve fairly good hand
function (Holmström, et al., 2010), emerging evidence suggests that specific activitybased intervention strategies that target CST development during early critical periods
may result in better motor outcomes for young children with unilateral CP (Al-Whaibi &
Eyre, 2008, Martin et al., 2011).
Martin et al., (2011) used animal models to show that after unilateral lesions, both
biological (electrical stimulation) and behavioural (constraint of the unimpaired limb)
activity based strategies were effective in facilitating a return to normal motor control.
By targeting spared CST connections, a cycle of reduced competitive advantage which
leads to further reduction in connections and less competitiveness, may be avoided.
Martin et al., suggested that similar biological and behavioural interventions may also be
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successful in children with unilateral CP, with the most effective age for activity-based
therapies being between 6-12 months as this is the period following CST refinement. AlWhaibi and Eyre (2008) also proposed that activity based interventions (such as
environmental cueing) in very young children can promote a competitive advantage for
surviving CST projections from the affected hemisphere. The prospect of future research
aimed at determining the effects of these proposed interventions to maximise CST
development and improve motor outcome is exciting. However, amongst other design
challenges for these prospective interventions is the need for reliable and valid outcome
measures that assess meaningful and relevant aspects of interest. Assessment of a major
functional limitation in hand use (bimanual hand use) for young children with unilateral
CP should be one outcome of interest in any of these early intervention trials.
1.5.2 Task Demands that may Impact Bimanual Hand Use in Young Children with
Unilateral CP
Task performance is what the child does or is trying to do (Darrah et al., 2011).
For very young children, this most frequently involves playing with toys and other play
objects because play is the main occupation of early childhood (Casby, 2003; Chase,
1994; Stagnitti, 2004). Play with toys is an essential way for young children to learn
about objects in their environment. By seeing, touching and manipulating toys, young
children learn about the toy’s physical properties, learn how the toy works and plan
future actions (Bushnell & Bourdreau, 1998; Corbetta & Schnapp-Childs, 2009). The
coupling of perception and action not only reflects that perception guides action, but that
equally important, the young child’s movements create their own perceptions of the
world (Case-Smith, 1996; Thelen, 1996). Whether young children use one or two hands
to manipulate the toys that are being played with is often dependent on perception of the
toy’s properties.
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Studies show that even young infants can perceive an object’s properties and use
bimanual arm and hand actions accordingly in order to play with it. Properties such as
the size of the object, its novelty, whether it has parts that can be explored or manipulated
can all foster bimanual arm and hand movements such as bimanual reaching, transferring
and role differentiated movements (Fagard, 1998; Kimmerle, et al., 2010; Ruff, 1984).
Currently, there is no information about whether toys might influence bimanual
hand use in very young children with unilateral CP. Increasing our knowledge of toys
that provoke the use of two hands in young children with unilateral CP is important
because: (a) playing with toys is an everyday task for young children, and toys are the
main treatment medium for therapists when encouraging skills in very young children;
(b) increased knowledge would enable evaluation of task factors that influence bimanual
hand use for children with unilateral CP; (c) how effectively the affected hand can be
used in bimanual play could be observed by using toys that elicit the use of two hands;
and, (d) using toys to encourage bimanual performance means that no handling of the
child is required to encourage the action, rather the toy itself would provoke the response.
Spontaneous use of the hand more closely mimics what the child does in everyday life
thus reflecting more accurately what the child typically does, not what they could do.
1.5.3 Environmental Influences that may Impact Bimanual Hand Use in Young
Children with Unilateral CP
Environmental influences are defined as the cultural, socio-economic,
institutional, physical, and social factors outside the child that affect his/her experience
(Darrah & Bartlett, 1995). Environmental factors that might influence bimanual hand
use include the availability of appropriate toys that might facilitate bimanual hand use
and the attitudes of caregivers toward fostering play with both hands. Although this
information is important, this thesis will not focus on determining environmental factors
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that can impact the development of bimanual skills in young children with cerebral palsy.
Instead, it will concentrate on child and task factors that may impact how well the
affected hand is used during bimanual play performance in very young children with
unilateral CP.
1.6 Current Assessment of Young Children with Unilateral CP
Currently upper limb evaluation of very young children with unilateral CP often
involves use of unimanual assessments that test underlying impairments (Hoare, Imms,
Randall, & Carey, 2011) or norm referenced assessments that compare the young child’s
fine motor abilities against typically developing peers (Krumlinde-Sundholm & Eliasson,
2003). Both of these approaches have limitations.
Two unimanual assessments that are commonly used to assess young children
with unilateral CP are the Quality of Upper Extremity Skills Test (DeMatteo et al., 1991)
and the Melbourne Assessment of Unilateral Upper Limb Function (Randall, Johnson, &
Reddihough, 1999). These are criterion-referenced assessments that evaluate limitations
of the affected arm and hand in aspects such as quality and range of movement, ability to
grasp and the ability to weight-bear. One limitation of using a unimanual assessment of
hand function is that children with unilateral CP rarely use their affected arm for
unimanual tasks. They typically use their affected arm/hand only when needed during
bimanual task performance. As discussed previously, when both hands are used together
different factors affect how well the task is performed. Evaluation of unimanual skills
does not help identify those factors.
Another limitation when using unimanual assessments is that measurement is
predominantly at an impairment level (Hoare, et al., 2011; World Health Organisation,
2007). One assumption when evaluation is at the level of impairment is that reduced
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impairment will lead to improved ability to use the affected hand in everyday life. This
assumption is not always valid (Damiano, 2008; Sakzewski, Ziviani, & Boyd, 2010).
Every day functional use of the arms/hands for children with unilateral CP is complex
and involves the interaction between multiple activity, personal and environmental level
factors which simultaneously determine the outcome at any given time (Eliasson, 2005).
Using a “top down” and client centred approach is recommended when assessing
children to identify the particular difficulties they are experiencing completing everyday
activities they need to, want to or have to perform (Coster, 1998). For young children
with unilateral CP who are relatively high functioning and who can complete many
actions and tasks, the greatest activity limitations often centres on their ability to use both
hands collaboratively during bimanual task performance (Gordon, 2007). Careful
evaluation of how well they can use their two hands collaboratively could provide more
relevant information about why they are experiencing difficulties performing everyday
tasks.
Norm referenced motor development scales that evaluate upper limb skills such
as the Peabody Developmental Motor Scales-2 (Folio & Fewell, 2000) or the Bayley
Scales of Infant Development - III (Bayley, 2006) use activities such as building towers
of blocks and using a pencil to draw to evaluate a child’s upper limb functioning. Test
scores are then used to compare the child’s performance against children of a similar age
to identify whether they are developing as expected. Advantages of using these types of
assessments are that very young children can be tested and norm referenced tests might
provide useful information about a child’s ability as compared to their peers. However
this type of test is unlikely to provide information about a child with unilateral CP’s
functional difficulties or provide guidance for intervention planning to improve critical
aspects of bimanual hand use. This is because firstly, a number of test items can, and
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should, be completed with only one hand. Secondly, children with disabilities may not
follow typical developmental trajectories, and typical movement patterns may not be the
optimal solution to a motor goal (Darrah & Bartlett, 1995; Suave & Bartlett, 2010).
Thirdly, norm referenced tests often do not provide criterion statements about the child’s
real strengths or challenges (Msall, 2005). Instead of using norm referenced tests,
assessing the child’s difficulties during a task that is relevant for very young children
(play) and that measures particular functional limitations for a child with unilateral CP
(using the affected hand in bimanual tasks) may provide more important information for
clinicians and families to help guide focussed and meaningful intervention, and so
improve the child’s everyday ability to complete functional and relevant activities.
1.7 Summary, Purpose of the Thesis, and Research Aims and Objectives
Cerebral palsy is the most common physical disability in childhood with
approximately one third of children with CP having the unilateral form where one side of
the body is well-functioning, while the other side is affected by a motor impairment.
Children with unilateral CP generally have a more severe upper than lower limb
impairment. One of the major upper limb functional limitations for children with
unilateral CP is how well they can use their affected hand in collaboration with their
well-functioning hand during bimanual task performance. Assessment of this skill is
important for all children with unilateral CP including very young children.
Dynamics systems theory was used as a framework to consider child
characteristics, task demands, and environmental influences that may impact the
assessment of this skill in very young children with unilateral CP. Child considerations
included the increased complexity of bimanual hand use as compared to unimanual hand
use, and the need for very early assessment during development of the CST. Task
considerations included using toys to provoke bimanual hand use in a play based
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assessment as play is an appropriate medium to use with very young children. However,
while it is known that young children with typical development can recognise that toys
should be played with using two hands, it is unknown whether young children with
unilateral CP can also recognise a toy’s properties. Development of the assessment tool
focussed on these two aspects, child and task, and not on the environmental factors
identified within DST.
Currently, assessment of upper limb skills for children with unilateral CP
typically evaluates unimanual impairments or uses norm-referenced tests. However, both
these methods fail to effectively evaluate an important component of upper limb
functioning for children with clinical signs of unilateral CP: how well they can use their
affected hand during bimanual task performance. Evaluating this important functional
limitation for children with unilateral CP using specific bimanual assessments is
important, and could be used by clinicians and families to guide focussed and meaningful
intervention and to improve the child’s everyday ability to complete meaningful and
relevant tasks. Evaluation of these skills may be even more critical during a child’s early
years when neural plasticity may allow activity-dependent interventions to be most
effective.
The purpose of this thesis was to develop an assessment tool to describe and
measure how effectively very young children (less than 18 months of age) with clinical
signs of unilateral CP use their affected hand during bimanual task performance (play).
The specific aims to achieve the development of this new test were
1. To confirm that there were no currently available bimanual assessments for
young children with unilateral cerebral palsy.
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2. If no suitable bimanual assessment tools were available, to develop a new
measurement tool to evaluate how well the affected hand is used in conjunction
with the well-functioning hand during bimanual play by:
I. Determining whether a play based test situation can be created to
measure the construct of interest.
II. Generating suitable test items to evaluate the construct of interest
3. To provide evidence for internal construct validity and reliability of the test
items using the Rasch measurement model.
4. To describe how the new test could be used as part of a clinical reasoning
process for both assessment purposes and to guide intervention planning for very
young children with unilateral CP.
1.8. Format of the Thesis
This program of research is reported in the nine chapters of this thesis. In the
second chapter, findings from a systematic review to evaluate availability of current
bimanual assessments for young children with unilateral CP are provided. This review
determined that the Assisting Hand Assessment (AHA) was a suitable measurement tool
to evaluate the effectiveness of the affected hand during bimanual task performance for
children aged 18 months to 12 years. However, the AHA could not be used with children
younger than 18 months. Adaptation of the AHA to create a new version, called the
Mini-Assisting Hand Assessment (Mini-AHA), could be undertaken. Chapter three
provides a detailed overview of the AHA and discusses requirements for adaptation for a
younger age range. Chapter four provides an extensive background to the Mini-AHA
including the construct measured, purpose of the test and rationales for its use; as well as
outlining the modifications required to develop this test for a younger age range.
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Chapters 5, 6 and 7 report the results of this test development. Each of these test
development chapters contains either published or submitted manuscripts. In chapters 6
and 7 more details concerning the body of research or the methodology reported in the
study precedes the manuscript. In chapter eight, case studies of two very young children
with unilateral CP highlight how the Mini-AHA can be used for assessment purposes and
to guide intervention within a clinical reasoning model. The final chapter provides an
extended discussion of the findings from this body of research including its limitations
and proposed future directions.
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CHAPTER TWO: ASSESSING BIMANUAL PERFORMANCE IN YOUNG
CHILDREN WITH UNILATERAL CEREBRAL PALSY
2.1 Introduction
The aims of the study reported in this chapter were to identify assessment tools
used to evaluate bimanual performance in young children with unilateral or hemiplegic
cerebral palsy (CP) and to determine evidence for their psychometric properties. This
was achieved by systematically reviewing the literature for evidence of available tools
and by appraising the psychometric properties and the clinical utility of the retrieved
assessments using explicit methodology. To maximise the likelihood of the search
finding bimanual assessments suitable for very young children with unilateral CP the age
range for the search was extended to include assessments available for children three
years of age or younger.
Systematic reviews are used to answer research questions by using explicit
methods to identify, appraise, and synthesize available evidence. This process aims to
minimise bias so that reliable findings can inform clinical decision making (Kahn, Kuntz,
Kleijnen & Antes, 2003; Lohr & Carey, 1999). In this systematic review, as well as
determining availability of assessment tools, evidence for validity, reliability and clinical
utility of the identified assessments was sought. Evidence for these psychometric
properties would help determine the suitability of the assessment tools identified by the
search to measure bimanual performance. This systematic review was published in the
journal Developmental Medicine and Child Neurology in May 2010. The manuscript is
placed at the end of the chapter.
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2.1.1 Study One
Greaves, S., Imms, C., Dodd, K., & Krumlinde-Sundholm, L. (2010). Assessing
bimanual performance in young children with hemiplegic cerebral palsy: a
systematic review. Developmental Medicine & Child Neurology, 52(5), 413-421.
Journal impact factor: 3.264.
2.2 Summary and Conclusions of the Systematic Review
Eleven different assessment tools were found that had evaluated bimanual
abilities in young children with unilateral CP. This indicated that this construct was of
great interest to clinicians and researchers working with children with this condition.
However, the systematic review found evidence supporting a range of measurement
properties for only the Assisting Hand Assessment (AHA). Without evidence for the
measurement properties of an assessment tool, findings from clinical practice and
intervention trials using identified tools should be interpreted with caution.
While there was strong positive evidence of the AHA’s psychometric properties,
a limitation of the AHA was that the youngest age that children could be assessed using
this tool was 18 months. This important aspect of hand functioning for children with
unilateral CP should also be assessed at an age when the motor impairment is emerging,
when motor skills are developing rapidly and when neural plasticity of the developing
corticospinal tract may improve the efficacy of therapeutic interventions.
To create a new assessment is not an easy undertaking. If an existing tool is
available that has strong evidence for validity and reliability; adapting the tool could be a
more sensible solution. Basing a new assessment on the AHA had a number of
advantages. Firstly, even during the first year of life the “affected” upper limb does not
move as effectively as the other limb. Bimanual skills are likely to develop differently,
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and assessment of upper limb skills should reflect this “different” use. Secondly, the
premise of using toys to elicit bimanual hand use is particularly pertinent in a test for
young children who may not understand or be cooperative with verbal instructions.
Thirdly, and most importantly, by basing the Mini-AHA on the AHA opens the
possibility of test linking and equating. Equating is achieved by common-item equating
where some (linking) items are the same across the two tests (Bond & Fox, 2007). By
using the same concept and construct for the Mini-AHA and AHA, and by using some
common items in the two scales, bimanual performance in children between the ages of 8
months to 12 years can then be evaluated on the same measurement scale, although two
different age-appropriate test contexts are used as the base for observation and scoring.
Linking the two tests could provide unique information about how bimanual hand
function develops in children with unilateral cerebral palsy over an extended age range,
which allows evaluation of different intervention approaches when applied at different
ages. Thus, developing the new test based on a well-researched, existing measure of the
desired concept implies important advantages for future research and development of
new knowledge.
Therefore this body of research proceeded to develop a new version of the AHA
suitable for children with unilateral CP younger than 18 months called the Mini-Assisting
Hand Assessment (Mini-AHA). To gain a greater understanding of the test on which the
Mini-AHA was to be based, a detailed review of the AHA was undertaken. The next
chapter will provide evidence for the constructs and rationales that underlie this
assessment and briefly detail the development of the AHA including evidence for its
psychometric properties. This information provided important background knowledge
for the development of the Mini-AHA and helped determine the modifications required
to create a new version suitable for a younger age range.
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skills in young children (£ 3y) with hemiplegic cerebral palsy. Evidence for validity, reliability, and
clinical utility of the identified instruments was sought.
METHOD Ten electronic databases and grey literature were searched (earliest 1806) to February
2009 to identify articles that met criteria related to the child’s age and diagnosis, and included a
discrete bimanual assessment. Further searches for evidence of psychometric properties of each
identified assessment were undertaken. For quality criteria, we evaluated the internal validity of
each study and appraised the validity and reliability of identified assessments.
RESULTS From 1435 papers retrieved, 15 were eligible for inclusion, and 11 assessments of
bimanual performance were identified. Ten assessments had inadequate evidence for reliability
and validity. Only the Assisting Hand Assessment had evidence for reliability and validity for its
intended purposes.
INTERPRETATION Reliability and validity are fundamental considerations when developing or
selecting assessments. Additional considerations for assessing young children include the following: (1) standardized administration and scoring; (2) items that capture the complexity of bimanual
behaviour; and (3) protocols and items targeted within a small age range to meet specific developmental needs. A validated assessment of younger infants is needed to support early intervention
during this period of rapid brain development.

LIST OF ABBREVIATIONS

AHA Assisting Hand Assessment
CFUS Caregiver Functional Use Survey

The importance of upper limb assessment for children with
hemiplegic cerebral palsy (CP) is now well recognized.1,2 An
upper limb evaluation might be conducted for a variety of
purposes, such as to guide treatment planning, to measure
the effectiveness of an intervention, or to compare and discriminate between individuals. Clinicians and researchers use
assessment as a basis for making decisions and drawing conclusions.3 As children with hemiplegic CP primarily have
one well-functioning side of their body and one ‘more
affected’ side, evaluation of the upper limb often targets the
more affected limb using unimanual assessments. Yet clinical
experience shows that children with hemiplegic CP rarely
use their impaired hand for unimanual tasks. This hand is
typically used when they need it, i.e. during bimanual task
performance. Bimanual actions are more complicated than
unimanual actions as the movements of both arms and
hands must be coordinated temporally and spatially to complete a task or achieve a desired goal.4 With many everyday
tasks requiring cooperative use of both hands, poor bimanual performance is often the greatest functional impairment
for children with hemiplegia. Careful evaluation of bimanual
ability should be an integral component of an upper limb
assessment.
ª The Authors. Journal compilation ª Mac Keith Press 2010

This systematic review investigated what bimanual assessments or outcome measures are available for use with children
aged 3 years or younger with hemiplegic CP. Early childhood
was targeted as it is a time of great change and potential for
acquisition of motor skills, as well as a time when motor
behaviours associated with the impairment can start to
emerge.5 Careful evaluation of bimanual abilities and their
progression could provide valuable information for clinicians
and researchers about how these skills are affected by the
evolving impairment. Evaluation could also assist in determining whether the infants’ skills are different to those of older
children whose motor patterns have become established. Carefully collected information about bimanual performance could
then be used to guide and ⁄ or evaluate the effectiveness of
intervention programmes.
In addition to identifying which bimanual assessment tools
were being used with young children with hemiplegic CP, this
review aimed to investigate evidence for the validity and reliability of each assessment as well as their clinical utility.
Assessment tools used in clinical practice and for research purposes should have sound psychometric properties, initially
reported by test developers and further evaluated in subsequent research. Criteria to ensure that an assessment tool is
DOI: 10.1111/j.1469-8749.2009.03561.x 1

administered in a consistent manner, evidence that it is appropriate to a particular population or purpose, and that the
results can be interpreted confidently, are essential properties.6
In addition to sound psychometric evidence, the assessment
should also be considered from a clinical perspective. Aspects
such as the availability of an instrument, its ease of use, and
the relevance and meaningfulness of the information that it
provides will help determine whether it can be realistically
incorporated into clinical practice.7,8 The specific aim of the
systematic review was to investigate the availability of assessment tools for evaluating bimanual skills in young children
with hemiplegic CP and to assess the validity, reliability, and
clinical utility of the identified instruments.

METHOD
Search strategy
The search strategy was conducted in two steps. Step one
involved identifying assessment tools; in step two, a second
search aimed to find evidence for validity, reliability, and clinical utility for each identified instrument.
Step one: identification of outcome measures
We comprehensively searched the following electronic databases: Medline (1950–February 2009), Medline In-Process,
CINAHL (1982–February 2009), Embase (1980–February
2009), PsychINFO (1806–February 2009), ERIC, OTseeker,
PEDro, and the full Cochrane Library Issue 1, 2009. Relevant
terms and synonyms were identified under four key concepts
by scoping appropriate medical subject headings (MeSH
terms) from Medline and CINAHL and by identifying
keywords in key papers. The concepts and examples of the
search terms were the following: (1) diagnosis (e.g. CP, hemiplegia, movement disorder); (2) assessment tool (e.g. general
terms such as outcome assessment, disability evaluation, or by
using specific outcome measures such as the Assisting Hand
Assessment [AHA]) or interventions that might have been
evaluated using a bimanual assessment (e.g. constraint-induced
movement therapy, botulinum toxin); (3) upper limb (e.g.
upper extremity, bimanual skills, hand function); and (4) age
(e.g. child, infant, toddler).
Additional articles were identified through a search of the
grey literature (trial registries in Australia9 and America10 and
theses online11), by searching the reference lists of retrieved
articles, by searching for additional papers published by significant authors, and by citation tracking of key papers using
Google Scholar.
The full references of the identified papers were exported to
a reference management system (EndNote, version X.0.2) and
duplicates were removed. Two reviewers (SG and KD) independently assessed the papers by title and abstract for inclusion and exclusion using criteria described below. Consensus
for the inclusion or exclusion of relevant articles was reached
by discussion.
Articles were included if they included the following: (1)
children who were 3 years of age or younger; (2) children who
had a diagnosis of unilateral or hemiplegic CP, or who had
been identified as having a unilateral movement disorder as a
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result of an injury to the central nervous system; and (3) either
a dedicated assessment of bimanual skills or an assessment that
included discrete evaluation of bimanual skills as a component
of the assessment.
Articles were excluded if they were (1) abstracts from conference papers or letters to the editor, because these did not
supply enough information about the outcome measure or its
uses; (2) papers written in languages other than English owing
to the lack of resources available for translation; and (3) journal articles that used upper limb assessments considered
unsuitable. Assessments were considered unsuitable for the
following reasons: (1) not valid for young children (e.g. Shriners Hospital for Children Upper Extremity Evaluation,
ABILHAND-Kids); (2) they were unimanual instruments (e.g.
Quality of Upper Extremity Skills Test, Melbourne Assessment of Unilateral Upper Limb Function); (3) if there was a
mix of both bimanual and unimanual items, or if it was ambiguous as to whether the task was bimanual or unimanual and
there was no discrete bimanual score (e.g. Pediatric Motor
Activity Log, Toddler Actual Arm Use Test, Modified House
Functional Classification12); (4) if there were no objective criteria that enabled evaluation of bimanual skills (e.g. descriptive
evaluation); (5) if they indirectly evaluated bimanual skills such
as activities of daily living assessments or measures of individualized outcome performance (e.g. Goal Attainment Scale,
Canadian Occupational Performance Measure).

Step two: evidence for validity, reliability, and clinical utility
After identifying the bimanual assessments, a second search
was conducted for additional papers providing evidence for
validity, reliability, and clinical utility. Each assessment was
searched as text and then combined with MeSH terms or keywords for validity, reliability, or clinical utility. The four major
databases (Medline, Embase, CINAHL, and PsychINFO)
were searched using the same search dates as previously
reported, and a search of the Health and Psychological Instruments database (1985 to February 2009) was also undertaken.
Articles were selected for inclusion from this second search if
they (1) evaluated the psychometric properties or clinical utility of an instrument; (2) included infants who had a diagnosis
of hemiplegic CP; and (3) included children who were 3 years
of age or younger. Articles were excluded if they were abstracts
or conference presentations, or papers written in languages
other than English. In addition to the article search, the test
manual (if available) of each assessment was used to clarify
details of the tool or provide evidence of its psychometric
properties.
Data extraction
A data extraction sheet was specifically developed for this
review, which summarized information from published papers,
manuals, and correspondence with authors13,14 into four sections. The first section contained general information about a
published paper that identified a bimanual assessment, such as
the type of study, its objective, and the name of the bimanual
assessment. The second section contained information about
the assessment itself, such as its purpose, age range, items used

to score bimanual behaviours, and scoring system. The third
section detailed evidence supporting validity and reliability of
the assessment. The fourth section detailed evidence for the
clinical utility of the assessment such as format and ease of
administration, instructions, examiner qualifications, and costs
involved.

Quality assessment
A two-tiered approach was used to evaluate the quality of the
retrieved evidence. The first level rated the methodological
quality of each individual article that provided evidence to support the reliability or validity of an assessment tool. The second level of evaluation examined the aggregated body of
information, i.e. it considered the combined results from the
individual studies to evaluate the quality of the assessment
tool. The quality of evidence for clinical utility was not considered in this review, as each individual clinical situation would
have different requirements of an assessment and its utility.
Instead, descriptive information was extracted using guidelines
adapted from the Outcomes Measure Rating Form.15
Level one: rating the quality of the published evidence from
individual studies
An important aspect of systematically evaluating literature is
consideration of the quality of individual studies that provide
evidence for the question under review.16 In this review, studies directly evaluating aspects of reliability or validity of an
outcome measure were considered as the most important or
primary source of evidence. This evidence might have been
located within published manuals or journal articles. The
quality, or internal validity, of findings from these studies was
evaluated using two rating scales: one investigating biases of
design and conduct of reliability studies and one of validity
studies. These scales were devised using guidelines from studies evaluating similar aspects,17,18 from articles providing
methods for critiquing the quality of studies,16,19 and from
general principles about reliability and validity.3,20 The reliability rating scale contained 12 criteria to rate the design and
method of the study, whereas the validity rating scale contained four to six criteria depending on the type of validity
evaluated. The two rating scales and their criteria can be found
in Appendices SI and SII (supporting information published
online).
It was anticipated that there might be little primary evidence
for many of the outcome measures. Therefore, a secondary
level of evidence, that of studies using a bimanual assessment
for children with hemiplegic CP within the desired age range,
was also considered. The following types of study could be
considered secondary evidence to support psychometric properties of an assessment tool. First, rigorously conducted randomized controlled trials in which the objectives included
changes in bimanual performance were considered as evidence
for responsiveness of the assessment tool if there was a significant difference in outcomes between an experimental and a
no-treatment or sham control group. The PEDro scale was
used to evaluate the quality of the randomized controlled trials.21,22 For this review, we considered randomized controlled

trials to be rigorous if they achieved a PEDro ranking of 6 ⁄ 10
or greater. Second, rigorously conducted randomized
controlled trials were considered as evidence for test–retest
stability of the outcome measure if there was no change in the
no-treatment group and a significant difference between the
groups. Third, we considered a study with at least two baseline
measurement points during which there was no change in the
outcome measure or any other variable that might also
contribute secondary evidence for test–retest stability. At best,
secondary evidence was considered to provide only a low level
of support for the assessment tool.

Level two: rating the aggregated evidence for each outcome
measure
All information gained about a bimanual assessment from
both primary and secondary sources and manuals was used to
evaluate the aggregated evidence. Although there are currently
no accepted quality criteria against which to rate the psychometric properties of health measurement scales,23 this review
adapted criteria from Terwee et al.24 who identified eight critical measurement properties of health status questionnaires.
These were content validity, internal consistency, criterion
validity, construct validity, reproducibility (reliability and
agreement), responsiveness, floor and ceiling effects, and interpretability. Terwee et al. provided specific criteria against
which to measure these properties. In this review, the criteria
of Terwee et al. were extended to include criteria suitable for
assessments developed using Rasch analysis, although differences in approach and wording in modern and classical test
theory on central concepts made placement of the criteria
difficult.25 Although these extended criteria might not be
complete, their inclusion enabled assessment tools that were
developed using the Rasch measurement models to be evaluated. These extended criteria can be found in Appendix SIII
(supporting information published online).
Quality criteria were applied independently by two of the
researchers (SG, CI) both to the individual studies supporting
the assessment tool and the individual assessments identified.
Disagreement was resolved by discussion until consensus was
reached. As four different scales were used to rate the evidence
for the assessment tools, the quality of the evidence was summarized descriptively as being poor if it scored positively in 0
to 33% of the criteria in the appropriate rating scale, moderate
if it scored positively in 34 to 66% of the criteria, or high if it
scored positively in 67 to 100% of the criteria.
RESULTS
Database search
The initial search of electronic databases produced 1431 articles after duplicates were removed. Searches of the grey literature, citation tracking, and reference lists produced a further
four articles. After applying the inclusion ⁄ exclusion criteria to
these papers, 15 papers, which included 11 different bimanual
assessments, remained for inclusion in this systematic review.
Of these published papers, three were studies whose aim was
to evaluate aspects of validity or reliability.26–28 The remaining
12 papers were either intervention trials or longitudinal studies
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that had used a bimanual assessment tool to evaluate children
with hemiplegic CP within the desired age range.13,14,29–38 A
second search for evidence of validity, reliability, and clinical
utility of the identified assessments for the specified diagnosis
and age range found no further study.
In this review, the assessments will be identified by a known
name or acronym (e.g. House, AHA) or identified by the first
author of the primary study using this assessment. Table I provides an overview of the 11 bimanual assessments identified
from the searches, and includes the primary reference for each
assessment. The AHA had a test administration manual available to clinicians who have participated in certification
courses39 in addition to journal publications. Guidelines for
administration and scoring of the Caregiver Functional Use
Survey (CFUS) were provided by the authors.13 Satila et al.
report that an unpublished manual is available in Finnish for
the assessment identified in this review as Satila.14

Overview of identified bimanual assessments
Each assessment had been developed or used as an evaluative
tool, i.e. they were used to measure the magnitude of change
over a period or after an intervention.40 Evidence for use as a
descriptive assessment (a measure that describes the difference
among individuals within groups) was also found for the AHA
and Fedrizzi.
One assessment was developed to evaluate infants from 18
months of age (the AHA). Two assessments, developed for use
with individuals in a case study (Fergus) and a single subject
design study (Smelt), evaluated infants at 13 and 17 months
respectively. The youngest age for the remaining assessments
was typically 2 or 3 years of age. The age range of children for
whom assessments were designed was often large, with seven
of the 11 assessments spanning more than 10 years.
Although each assessment evaluated bimanual skills, the format varied. Some assessments relied on real-time observations
made in natural settings (CFUS, House, Goldner, Pagliano,
Fergus). Only the CFUS specified the activities to be
observed. Four assessments used video observation of specific
bimanual tasks or play (AHA, Satila, Fedrizzi, Crocker). Three
assessments (Dickerson, Smelt, Fergus) evaluated only one
specific activity or skill (ball catching, transferring an object
from hand to hand). The scoring systems were also variable,
ranging from simple four-point rating scales or frequency
counts of a single observed behaviour, to more complex scoring systems covering several behaviours.
Quality assessment
Results from application of the criteria rating the internal
validity of primary evidence (i.e. studies evaluating aspects of
validity and reliability) are presented in Table II. Three papers
provided primary evidence for one assessment, the AHA. All
three papers were of a high methodological quality (reliability
10 ⁄ 12; validity 3 to 3½ ⁄ 4). Enough information was reported
in a longitudinal study29 to provide primary evidence for the
reliability of Fedrizzi, i.e. the authors described a pilot study
conducted to evaluate the interrater agreement of the tool.
However, the methodological quality of this evidence was
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assessed to be of a moderate level (5 ⁄ 12). None of the remaining studies met the criteria considered to be secondary evidence for a bimanual assessment tool. The identified papers
and their reasons for exclusion are included in Table III.
Aggregated evidence for the measurement properties of the
11 bimanual assessments is presented in Table SI (supporting
information published online). No data were available for nine
assessments (CFUS, House, Satila, Crocker, Dickerson, Goldner, Pagliano, Smelt, and Fergus). One assessment, Fedrizzi,
could be scored against one criterion, reliability, for which it
was rated as questionable owing to the doubtful methodology
as reported within the longitudinal study. One assessment, the
AHA, could be scored on six of the nine measurement criteria
and achieved positive ratings in all six. Criterion-related validity could not be evaluated as there is currently no criterion
standard assessment against which to compare.
The clinical utility of each bimanual assessment, evaluated
using the guidelines by Law,15 is summarized in Table IV.
The administration formats of the assessments ranged from
naturalistic observation to videotaped recordings of specific
bimanual task performance. Three assessments had manuals
(AHA, CFUS, Satila) and a further three provided enough
detail in the published studies to replicate the assessment (Fedrizzi, Dickerson, Smelt). However, five assessments did not
provide enough information to ensure each user would administer them in the same way. Most assessments appeared easy to
administer, score, and interpret, except for the AHA. This was
the only assessment that required users to purchase an assessment kit and undertake training to ensure reliable administration and scoring.

DISCUSSION
Fifteen published papers were identified in this review as evaluating or using one of 11 bimanual assessments for young
children with hemiplegic CP. Three papers provided highquality evidence for validity or reliability, which we considered
as primary evidence, for one of the assessments (AHA), and
one paper provided moderate-quality evidence for the reliability of another assessment (Fedrizzi). The remaining 11 papers
were intervention trials or longitudinal studies that had used a
bimanual assessment tool. Evidence provided by these papers
might have been considered as low-level or secondary evidence for two measurement properties (responsiveness and
test–retest reliability) if they met defined criteria. However, no
paper met the criteria and these secondary sources did not
contribute to evidence for any of the bimanual assessment tool
identified in this review.
Assessment tools are designed, and should be chosen, for a
specific purpose and population.40 The primary purpose of all
11 assessments identified in this review was to evaluate change
over time or in response to an intervention. Evidence for content, construct validity, and responsiveness as well as good test
reliability (intrarater, interrater, and test–retest) are important
properties for evaluative instruments.41 When there is evidence supporting these measurement properties, clinicians
and researchers have an authoritative basis for explaining and
supporting their findings and recommendations.6 The AHA is
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Child with spastic
hemiplegia

Child with hemiplegia

Evaluative

Evaluative
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Classification
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Goldner et al.33

Satila et al.14

Pagliano et al.34

Fedrizzi et al.29

Crocker et al.35

Dickerson and
Brown36

Smelt37
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hemiplegia
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hemiplegic CP

Congenital hemiplegia

Children with CP

13mo

17mo

2y

2y

2y 7mo–
12y 9mo

2–17y

3y 4mo–
17y

3–34y

2–20y

3y 6mo–
15y 6mo

18mo–12y

Age range

One item: bimanual
play
Two bimanual items
(Six other unimanual
actions ⁄ behaviours)

One scale.
Four structured
bimanual tasks
dependent on age
at assessment
One bimanual item:
two-handed use (Six
other behaviours that
may or may not be
completed bimanually)
One bimanual task
(Eight other unimanual
tasks)

One scale
Non-specified tasks
chosen according
to age

One scale
Seven bimanual tasks

Use of ‘affected’ hand during
play with a ball
Videotaped 30min session

Catching rolling ball

Videotaped 15min session of
free play with variety of toys

Video recording of children
completing the four tasks

Observation of ‘functional’
skills of impaired hand
by parents, therapist, or
physician
Videotaped recording of child
performing specific bimanual
tasks later scored by
physician ⁄ therapist
Observation of bimanual skills
during spontaneous play and
everyday activities

Observation of functional
status by patient, parents,
therapist, or physician

No specific items ⁄ tasks

One scale
No specific items
or tasks

Videotaped recording of
10–15min semi-structured
play session using specific
test objects later scored
by therapist
Parental observation during
specific everyday tasks

Format of outcome measure

One scale
Twenty-two items
evaluating various
behavioural aspects of
bimanual performance
Two scales: bimanual
and unimanual tasks
10 tasks in each scale

Scales ⁄ items ⁄ tasks

References 13, 14, 29, 33–39, and 44 are the primary references for each bimanual assessment.

Evaluative

Children with
hemiplegic CP

Evaluative

Caregivers
Functional Use
Survey (CFUS)13

Fergus et al.38

Children with
hemiplegic or
unilateral CP ⁄ obstetric
brachial plexus palsy

Descriptive,
evaluative

Assisting Hand
Assessment39

Children and adults
with CP

Target population

Purpose(s)

Outcome
measure

Table I: Characteristics of included bimanual assessments

One bimanual task (ball catching using both hands) scored
for frequency and five-point Likert scale evaluating quality
of upper extremity movement of ‘affected’ arm ⁄ hand during
this task
One bimanual item scored on a five-point scale used to
evaluate ability to perform the play activity.
One bimanual action (transfers) scored for success and
smoothness. Percentage of successful and smooth transfers
calculated out of total number of transfers performed

Twenty-two bimanual items each rated on a four-point rating
scale of quality (1–4) when completing bimanual activities.
Three final scores are possible: sum of scores (22–88);
percentage score (0–100); conversion by Rasch analysis to
logits (available to certified raters from test developers)
Parents rate 10 bimanual and 10 unimanual tasks on six-point
Likert scale (0–5) designed to measure ‘how well’ and ‘how
much’ the ‘affected’ arm is used. Scores averaged for each
set of tasks and combined score calculated
Nine-point rating scale (0–8) evaluating how ‘functionally’ the
impaired hand is used during everyday activity. Levels
include non-use, use as a passive assist, active assist, and
spontaneous use
Functional result graded on four-point scale (P1–P4) based on
active movement and ability of impaired hand to be involved
in unimanual and bimanual actions and everyday tasks
(such as dressing)
Different standardized grips scored while completing
10 bimanual items ⁄ tasks. Grips rated on a four-point scale
ranging from cannot grasp to grasps using normal grip and
completes task
Overall spontaneous use and support functions of ‘impaired’
hand scored on four-point scale ranging from 0 (the impaired
limb is not used) to 3 (the impaired hand cooperates with
holding and manipulation using a varied repertoire of
patterns)
Overall quality of bimanual manipulation scored on a fourpoint scale based on variability and stereotypy of movement
patterns ranging from 0 (no use of impaired limb) to 3
(cooperation of the impaired limb holding and manipulation
using a varied repertoire of patterns)
One bimanual action scored for frequency of observed
behaviour during the play session

Method of scoring

Table II: Summary of the quality of included individual studies providing primary evidence for bimanual assessments used with young children with hemiplegic cerebral palsy

Identified studies ⁄ assessment tool

Study design

Krumlinde-Sundholm and Eliasson:26
Assisting Hand Assessment (AHA)
Krumlinde-Sundholm et al.:28 AHA

Validity study

Quality of reliability
study methods

Content validity: 3½ ⁄ 4
Construct validity: 3 ⁄ 4
Construct validity: 3 ⁄ 4
Content validity: 3 ⁄ 4

Validity study

Holmefur et al.:27 AHA
Fedrizzi et al.:29 Fedrizzi

Quality of validity
study methods

Reliability study
A pilot reliability study
(reported in a longitudinal trial)

10 ⁄ 12
5 ⁄ 12

Table III: Summary of the excluded individual studies considered as secondary-level evidence, and reason for exclusion
Identified studies ⁄ assessment tool(s)

Study design

Reason for exclusion

Gordon et al.:13 Assisting Hand
Assessment (AHA) ⁄ Caregiver
Functional Use Survey
Eliasson et al.:30 AHA
Wallen et al.:31 AHA
Satila et al.:14 House ⁄ Satila
Roth et al.:32 House
Goldner et al.:33 Goldner
Pagliano et al.:34 Pagliano
Crocker et al.:35 Crocker
Dickerson and Brown:36
Dickerson
Smelt 1989:37 Smelt
Fergus et al.:38 Fergus

Intervention trial: RCT

PEDro score <6 ⁄ 10 and lacked repeated
baseline measures

Intervention trial: case-controlled clinical trial
Intervention trial: prospective pre-post feasibility study
Intervention trial: retrospective case–controlled trial
Intervention trial: retrospective case series
Intervention trial: retrospective longitudinal case series
Longitudinal study
Intervention trial: SSD
Intervention trial: SSD

Not RCT and lacked repeated baseline measure
Not RCT and lacked repeated baseline measure
Not RCT and lacked repeated baseline measure
Not RCT and lacked repeated baseline measure
Not RCT and lacked repeated baseline measure
Not RCT and lacked repeated baseline measure
Not RCT and unstable baseline measurements
Not RCT and lacked repeated baseline
measurements of bimanual measure
Not RCT and unstable baseline measurements
Not RCT and lacked repeated baseline
measurements

Intervention trial: SSD
Intervention trial: single case study

RCT, randomized controlled trial; SSD, single subject design.

the only bimanual assessment that has used systematic testdevelopment procedures to provide evidence supporting most
of these critical aspects. In addition, its development using
Rasch modelling has resulted in an interval-level scale that
truly makes it an instrument that allows us to measure the difference both within individuals and between individuals or
groups of individuals.25 Only three of the 12 intervention or
longitudinal studies used this instrument.13,30,31 Of the
remaining 10 bimanual assessments identified, there was no
evidence for any measurement property. Results reporting on
changes in bimanual skills from studies using these 10 assessments should, therefore, be interpreted with caution.
The development of the AHA using the Rasch measurement model has provided strong evidence that the items in the
assessment both cover and are specific to the construct of
bimanual skills. The AHA has established inter- and intrarater
reliability for children with hemiplegic CP as young as
18 months.27 Training requirements and use of standardized
equipment and procedures, although adding to the cost of the
assessment, ensure that it is administered and the results interpreted in a valid and reliable manner. Clinicians and researchers can have some confidence when reporting assessment
findings that these are the true abilities of the individual and
when a difference in performance is identified that it is likely
to represent real change. However, what has not yet been
6 Developmental Medicine & Child Neurology 2010

evaluated in the AHA is the smallest detectable change determined from a test–retest evaluation, and the minimal important change. Such information can contribute to information
about the tool’s responsiveness and would strengthen the
AHA’s use as an outcome measure.25
Reviewing the reported bimanual assessments used with
young children with hemiplegic CP also highlighted several
critical issues that were related to the age of the children
and the construct of bimanual performance. First, using
standardized procedures and protocols might be a critical
factor when developing a reliable outcome measure for
young children as this might help reduce systematic and
random error variance resulting from variable and inconsistent motor responses. Bimanual assessments for very young
children should have standard and consistent administration
procedures.
The items included in the assessment are also important.
Using a single, simple task (such as catching a rolling ball or
transferring objects), although easy for young children to complete, would appear to have limited face validity in terms of
measuring the complex construct of bimanual performance.
When assessing bimanual skills, many of the assessments
aimed to use naturalistic play behaviours or real-life
observations to evaluate a child’s abilities. Using these
methods acknowledges that it is important to assess bimanual
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Video recording of 30min play session
Naturalistic observations

Video recording of bimanual task
performance
15–20min
Video recording of 15min free play
session
Naturalistic observations
Video recording of bimanual task
performance
15min session
Bimanual task performance
Approximately 5–10min

Video recording of bimanual task
performance
Approximately 20–30min
Naturalistic observations

No manual available
Instructions provided in study enough
to replicate assessment
No manual available
Instructions provided in study enough
to replicate assessment
No manual available
Difficult to replicate from study

No manual available
Instructions provided in study enough
to replicate assessment
No manual available
Difficult to replicate from study

No manual available
Difficult to replicate assessment
from studies
Finnish manual available from author,
otherwise difficult to replicate from
studies
No manual available
Difficult to replicate from study

Naturalistic observations

Administration: easy
Scoring: more complex
Interpretation: more complex
Administration: easy
Scoring: easy
Interpretation: easy
Administration: DTR
Scoring: easy
Interpretation: more complex
Administration: DTR
Scoring: easy
Interpretation: easy
Administration: easy
Scoring: easy
Interpretation: easy
Administration: DTR
Scoring: easy
Interpretation: easy
Administration: easy
Scoring: easy
Interpretation: easy
Administration: easy
Scoring: easy
Interpretation: easy
Administration: easy
Scoring: easy
Interpretation: easy
Administration: easy
Scoring: easy
Interpretation: easy
Administration: easy
Scoring: easy
Interpretation: easy

Ease of administration

Not addressed

Not addressed

Inexpensive

Inexpensive

Inexpensive

Inexpensive

Not addressed

Not addressed

Inexpensive

Not addressed

Inexpensive

Inexpensive

Not addressed

Not addressed

Inexpensive

Inexpensive

Inexpensive

Expensive

Outcome
measure

Not addressed

Not required

Not addressed

Required

Assessor training

Not addressed

Not addressed

Not addressed

Not addressed

Not addressed

Not addressed

Not addressed

Not addressed

Not required

Not addressed

Expensive

Training

Cost

Adapted from Law 2004.15 Administration, scoring and interpretation scored as (1) easy, (2) more complex. When rating administration, set-up time and time to complete were considered easy if
under 30min. When rating scoring and interpretation, time taken to score and interpret results and ease ⁄ difficulty with which results could be interpreted for the average service provider were
considered. Cost: expensive, total more than Aus$1,000; moderate, Aus$500–$1,000; inexpensive, less than Aus$500. DTR, difficult to rate as not enough information provided.

Fergus

Smelt

Dickerson

Crocker

Fedrizzi

Pagliano

Satila

No manual available. Difficult to
replicate assessment from studies

Manual available from author
Standardized assessment

Manual available with training
Standardized assessment

Procedures

Naturalistic observations by physician,
therapist, patient, or parent

Video recording of bimanual task
performance
10–15min session
Interview with parent

Assisting Hand
Assessment

Caregivers
Functional
Use Survey
House Functional
Classification
System
Goldner

Format of administration

Assessment

Table IV: Clinical utility of bimanual outcome measures for young children with hemiplegic cerebral palsy

performance, or what the child actually does, rather than the
capacity of the affected limb, to understand bimanual ability.
The age range of the children for whom the test is valid also
needs to be considered in relation to test items. When assessments aim to evaluate children across a wide age span, it complicates the selection of developmentally appropriate activities,
especially for children at the younger end of the age range.
For two of the assessments in this review (CFUS, Satila),
young children would have difficulty completing some of the
stipulated bimanual tasks, again compromising the validity of
the content. For example, Satila used drawing a circle with the
help of a glass and then cutting it out. This is a complex task
for young children, and therefore poor performance owing to
impairment cannot be separated from a developmentally
appropriate lower level of skill.
The youngest children assessed were 13 months (Fergus),
17 months (Smelt), and 18 months old (AHA). The remaining
assessments did not evaluate children until 2 or even 3 years of
age, nearing the end of the age range for children in this
review. No extensive assessment evaluated infants younger
than 18 months. Reasons for this, although not stated by the
developers of the measures, might be that younger infants
would require different assessment protocols and activities
owing to their limited understanding and skill level. Occupational interests and abilities will also be very different in younger children. Additionally, continuous neurobiological and
functional changes during early infancy increase the need for
age-specific assessments in this period.42 Assessment at this
young age might be critical because, as well as being a time
when movement skills develop rapidly, the motor impairment
associated with abnormal pathophysiology is also emerging in
children under 2 years of age.5 Advances in neuroimaging
indicate that different types of neural reorganization might
influence these developing motor patterns.43 It is important
when studying the mechanisms of neural plasticity of the
developing brain also to scrutinize carefully any associated
functional abilities. An assessment tool that could track these
changes in bimanual abilities over time, that could evaluate
how these abilities are affected by the emerging motor impairment, and that examined whether the bimanual ability of
younger infants with hemiplegia differed from older children
with established motor patterns, could provide crucial information to clinicians and researchers when planning interventions or evaluating intervention effectiveness. As the AHA has
already established content and construct validity and reliability in children from 18 months, future research should assess
whether this instrument could be further developed to include
younger infants.
Although aiming to be thorough, some limitations might
have affected the results of this systematic review and, hence,
the interpretation of the findings. Restricting the search to
papers published in English might have reduced the number
of assessments found. The use of quality criteria to rate both
the internal validity of each individual study providing evidence as well as criteria against which to measure the collective or aggregated evidence for each assessment was made
difficult by the lack of standardized critical appraisal tools
8 Developmental Medicine & Child Neurology 2010

addressing these areas. It required some tools to be adapted or
extended and other tools to be formulated. These new and
adapted criteria have not been formally appraised for their
own internal validity.

CONCLUSIONS
Eleven different assessment tools were found during this
systematic review, indicating that clinicians and researchers
consider the evaluation of bimanual performance, not just
unimanual capacity, to be an important component of
upper limb assessment for young children with hemiplegic
CP. However, the measurement properties of the identified
assessments also needed to be considered. This review
found that only one assessment, the AHA, had evidence
supporting six of nine critical measurement properties. The
remaining assessment tools had poor or no evidence to
support them. Clinicians and researchers should endeavour
to assess bimanual performance using instruments with
proven validity and reliability. Without this evidence, both
clinical information and research results gained from the
assessment tools should be interpreted with caution.
Special consideration might need to be given when assessing
bimanual skills of very young children with hemiplegic CP.
Because infancy is a time of rapid physical and psychological
change, assessments need to be designed specifically for this
age range. Instruments should take into account the likely variability of responses, the rapidly changing fine motor and
adaptive skill levels, and the more limited cognitive understanding of younger children. By developing bimanual assessments for young infants with hemiplegic CP, crucial insights
into the development of these abilities and the role of neural
plasticity might become evident. However, these younger
infants need to be assessed using valid and reliable measurement tools. The first author is currently exploring the potential for the AHA, an assessment with established psychometric
properties, to be extended to this younger age range.
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CHAPTER THREE: BACKGROUND TO THE DEVELOPMENT OF THE MINIAHA. OVERVIEW OF THE AHA
3.1 Introduction
This chapter provides a detailed overview of the Assisting Hand Assessment
(AHA) and its development. Evidence for test development and the psychometric
properties of the AHA will confirm its suitability as a test to measure the effectiveness of
assisting hand use during bimanual play in children with unilateral cerebral palsy (CP),
and will also help determine the modifications required to adapt the AHA to create a new
version for children with unilateral CP younger than 18 months of age. Specifically this
chapter will
1. Introduce the AHA, identify the construct that is being measured, state its
purpose, and detail the rationales provided for test development.
2. Describe accumulated evidence for the psychometric properties of the AHA.
3. Provide a summary of the modifications required to adapt the AHA for use in
children younger than 18 months.
3.2 The Assisting Hand Assessment (AHA)
3.2.1 General Description
The AHA is an observational, criterion referenced test that aims to describe and
measure how effectively children who have a unilateral impairment use their affected
hand (assisting hand) in bimanual activity performance (Krumlinde-Sundholm, 2002;
Krumlinde-Sundholm & Eliasson, 2003; Krumlinde-Sundholm, Holmefur, Kottorp, &
Eliasson, 2007b). The need for a specific upper limb assessment for children with
unilateral impairment had been identified through studies evaluating different aspects of
hand function for children with Obstetric Brachial Plexus Palsy and children with
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unilateral CP (Krumlinde-Sundholm, Eliasson & Forssberg, 1998; Strömbeck,
Krumlinde-Sundholm & Forssberg, 2000; Krumlinde-Sundholm & Eliasson, 2002), and
through extensive clinical experience working with children with these conditions.
The AHA was originally published in 2002 (Krumlinde-Sundholm, 2002;
Krumlinde-Sundholm & Eliasson, 2003), with evidence for the validity and reliability of
the test measures provided in the following eight years (Holmefur, Aarts, Hoare, &
Krumlinde-Sundholm, 2009; Holmefur, Krumlinde-Sundholm, Bergstrom, & Eliasson,
2010; Holmefur, Krumlinde-Sundholm, & Eliasson, 2007; Krumlinde-Sundholm et al.,
2007b). The AHA has been increasingly used to evaluate change after upper limb
interventions in children with unilateral CP (Hoare, Imms, Rawicki, & Carey, 2010).
3.2.2. The Measured Construct: Assisting Hand Performance
When developing a test, an important first step is to define the construct of
interest, state the purpose of the test, and to discuss the rationales for measuring the
construct (American Educational Research Association, American Psychological
Association & National Council on Measurement in Education [AERA, APA, NCME]
1999). These next sections will detail these three important aspects of test development
in relation to the AHA.
The core construct of the AHA proposes that during bimanual performance the
two hands often assume different roles and that for children with unilateral impairment
the affected hand does not need to be as skilful as the well-functioning hand for it to be
useful as an assisting hand (Krumlinde-Sundholm et al., 2007b). Prior to the
development of the AHA the skills required of ‘a useful assisting hand’ had not been
described.
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The concept of bimanual hand roles is based on literature describing the
development of bimanual skills in typically developing children (Fagard, 1990; Fagard &
Jacquet, 1989). This literature indicates that children primarily use two distinct kinds of
hand behaviours when performing tasks and activities that require the coordinated use of
both hands. One type of behaviour is when the two hands are used in a relatively
symmetrical manner, for example when clapping hands. The other behaviour is more
common and occurs when the two hands perform asymmetrical, complimentary
movements. When the hands are used asymmetrically, one hand is used to hold or
stabilise objects, while the other, usually dominant, hand is used to manipulate or
examine the object being held.
Developing different coordinative patterns of bimanual hand use begins in
infancy (Fagard, 1990). One general trend is that symmetrical bimanual actions, which
are easier to perform, precede asymmetrical actions (Fagard & Jacquet, 1989).
Additionally, as the infant develops over the first 18 months, they can use increasingly
skilled bimanual hand and arm movements. By 18 months of age children can perform
complex activities requiring cooperative and differentiated hand movements and
consequently can complete increasingly diverse tasks, many of which require
differentiated roles from the two hands. Using asymmetrical role differentiated
movements becomes the predominant approach to bimanual coordination by 18 months
of age (Fagard, 1990). This is one reason why 18 months was proposed by the test
developers as the starting age of the AHA (Krumlinde-Sundholm, 2002).
When investigating the development of bimanual skills in children with unilateral
impairment, the AHA test developers found that the impact of this impairment on hand
roles and the ability to use both hands together had not been considered in the literature
(Krumlinde-Sundholm, 2002). Their own clinical experiences suggested that for children
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with Obstetric Brachial Plexus Palsy and unilateral CP the use of asymmetrical role
differentiated movements was more pronounced than for children with typical
development. When children with unilateral impairment used two hands, the wellfunctioning hand was preferentially used as the manipulating hand, while the affected
hand became a supporting or assisting hand (Krumlinde-Sundholm, 2002; KrumlindeSundholm & Eliasson, 2003). How well the affected hand could be used in this assisting
role often determined how the bimanual task was performed and whether or not it could
be successfully completed (Krumlinde-Sundholm, 2002; Sköld, Josephsson, & Eliasson,
2004). Thus effective assisting hand use was identified as one of the most important
determinants of upper limb functioning for children with unilateral impairment. The
specific arm and hand movement repertoires that determined whether the affected hand
was a useful assisting hand had not been previously described for children with unilateral
impairment. These movement repertoires have still not been described for children
younger than 18 months of age.
3.2.3 Spontaneous Hand Use
Another concept central to the AHA is that it assesses the child’s spontaneous use
of their assisting hand during bimanual task performance. This is achieved by providing
the child with carefully selected toys that provoke the use of both hands. By measuring
spontaneous hand use, the AHA measures what the child typically does do, rather than
what the child can do. That is, it measures a child’s typical performance and not their
best performance or capacity (Krumlinde-Sundholm et al., 2007b). Assessing
spontaneous hand use by using toys that elicit the desired behaviour (use of the affected
hand in bimanual play) is more ecologically relevant for testing very young children who
would not be able to understand verbal instructions provided by a tester.
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3.2.4 Purpose of the Test
A statement of test purpose can assist clinicians and researchers select the right
tool for a particular reason (AERA et al. 1999). A statement of the test purpose was
provided by the test developers to indicate how the AHA is intended to be used.
The purpose of the AHA is to describe and measure how effectively children who
have a unilateral disability use their affected (assisting) hand in bimanual activity
performance (Krumlinde-Sundholm et al., 2007b). That is, the AHA is intended to be a
descriptive/discriminative and evaluative tool (Boyce, Gowland, & Rosenbaum, 1991;
Rosenbaum, 1998). It aims to discriminate the child’s current level of ability to
effectively use their affected hand as compared to other children with unilateral
impairment, as well as to measure the magnitude of change in the child’s assisting hand
use over time. To assess a child’s current level of ability, the AHA uses specific criteria
that describe assisting hand use (criterion-referenced). This is in contrast to other
discriminative tests that are age norm-referenced and provide information about a child’s
development compared to typically developing peers.
3.2.5 Measuring Important Aspects of Hand Function
One of the rationales for development of the AHA described by test developers
related to their concerns about the types of assessment that were used by researchers and
clinicians to assess hand function at the time of AHA test development (KrumlindeSundholm, 2002). In clinical practice and in intervention trials the ultimate goal for
upper limb functioning of children with unilateral impairment was often described as
being able to accomplish everyday bimanual tasks. However, to measure this
intervention goal, clinicians and researchers commonly used measurement tools that
evaluated underlying impairments such as range of motion, grip strength or speed and
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dexterity. That is measurement was at a body function level of the International
Classification of Functioning, Disability and Health (World Health Organisation [WHO]
2001), whereas the goal of intervention, improvement in daily tasks, was at an activity
level. To measure the effects of an intervention within a functional domain, assessments
that measure aspects within that domain should be included (Krumlinde-Sundholm,
2002).
Another way of measuring hand function for children with unilateral impairment
at the time of AHA development was to use norm-referenced tests (Krumlinde-Sundholm
& Eliasson, 2003). This was also not useful as children with typical development have
two well-functioning hands and so they have various ways of using both hands together.
Therefore, norm-referenced test scores did not adequately indicate specific difficulties
associated with unilateral impairment (Krumlinde-Sundholm, 2002; KrumlindeSundholm & Eliasson, 2003).
The AHA test developers envisaged upper limb functioning for children with
unilateral impairment as a complex construct that included not only the domain of body
structure/function, but also encompassed the domains of activity and participation, as
well as being influenced further by environmental and personal factors (WHO, 2001).
They reasoned that many factors contributed to how both hands are used together in the
skilled performance of bimanual tasks and activities, and that to assess all the factors was
difficult (Krumlinde-Sundholm, 2002). Instead, clinicians working with children are
increasingly using a “top down” and “client centred” approach, in which the first step is
to focus the goals for intervention (Coster, 1998). This is achieved by the child and
family identifying specific functional goals using individualised assessment tools such as
Goal Attainment Scaling (Kiresuk & Sherman, 1968) or the Canadian Occupational
Performance Measure (Law et al., 1998). If bimanual arm/hand use is affecting

51

achievement of the identified goals for children with unilateral impairment, then
evaluation with the AHA of an important aspect of upper limb functioning could help
identify why the child with unilateral upper limb disability was experiencing difficulty
completing the identified task.
The AHA does not aim to measure underlying impairments (such as spasticity or
sensation), nor the unimanual capacity of the affected hand, nor developmental
milestones or activities that are important for typically developing children. Rather it
focusses on the main functional upper limb limitation for children with unilateral
impairments that may be affecting the child’s achievement of occupationally important
tasks and activities: use of the affected hand during bimanual performance (KrumlindeSundholm et al., 2007b).
3.3 Test Development of the AHA
Test development is a protracted process that involves building a body of research
to provide increasing evidence for the psychometric properties of the test (AERA et al.,
1999). Accumulated evidence for various aspects of validity, reliability and
responsiveness of the AHA play session and test items have been provided since initial
development of the test in 2002. The next section of this chapter will provide a brief
overview of construct validity of the play session, content validity of the AHA test items,
internal scale validity of the AHA test measures, and evidence for longitudinal validity,
reliability and responsiveness.
3.3.1 Construct validity of the AHA play session
One of the first steps in the development of the AHA was the creation of a test
play session that would provoke bimanual hand use. This was required as an underlying
assertion of the AHA was that actions of the affected hand were observed during
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bimanual task performance (Krumlinde-Sundholm & Eliasson, 2003). To do this, the
children needed a reason for playing with both hands.
A test kit of toys was carefully selected by the test developers to provoke
bimanual play. Toys chosen for the AHA play session aimed to be challenging and
interesting for children aged between 18 months and 5 years and were designed to trigger
a range of bimanual actions (Krumlinde-Sundholm & Eliasson, 2003). For example,
blocks that could be pushed together and pulled apart to build a car, a bottle with a cap
that requires unscrewing and which has a rocker base so that it won’t stand upright unless
stabilised, two clappers for banging together, and scissors for cutting paper. In the AHA
play session, what the child does with the toy is not assessed, but rather the quality of
performance of the affected hand when completing different actions to handle the toys is
evaluated (Krumlinde-Sundholm & Eliasson, 2003). In general the toys themselves
stimulate play, and while the examiner is encouraged to talk to and interact with the child
and demonstrate use of the toy, they do not provide instruction as to what the child needs
to do with the toy (Krumlinde-Sundholm et al., 2007b). The test situation was designed
to be playful and the aim is that the children do not experience failure or frustration.
Providing children with an enjoyable, fun play situation where they relax and play with
the toys as they wished was thought to more likely elicit their typical performance
(Krumlinde-Sundholm & Eliasson, 2003).
The second phase of test development involved extending the AHA to be suitable
for children up to 12 years (Krumlinde-Sundholm et al., 2007b). Two board games
(Alien and Fortress) were created to make the AHA toy kit more relevant for older
children and to decrease the effect of a clinical setting whereby older children may use
their affected hand in a less spontaneous manner: that is, using it as they think the
therapist wants them to use it, rather than how they typically use it (Holmefur, 2009).
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The two games use many of the same toys as in the original test kit within the required
“tasks” of the game. In addition, more demanding toys were added such as a pencil case
with a zipper, a “music machine” which plays when a small crank was turned, and a
small padlock. Pre-testing of the board games with children aged 6-12 years showed that
the games were enjoyable, fun and captured the child’s interest to the extent that
spontaneous hand use was elicited (Holmefur, 2009). While the items and scoring
criterion remained the same for these two test situations; the spontaneous play for
younger children (up to five years of age) is called the Small-Kids AHA, while the play
session for the older children is called the School-Kids AHA (Krumlinde-Sundholm,
Holmefur, & Eliasson, 2007a).
3.3.2 Content Validity: Item Generation
Development of test items for the AHA involved a four step process: first,
observable actions specifically performed with the affected hand during bimanual task
performance were identified; second, items were constructed that could be used to
measure the usefulness of the affected hand; third, hierarchically ordered levels were
constructed for each item reflecting the quality of assisting hand performance; and fourth,
internal construct validity of the items was evaluated through a Rasch measurement
model (RMM) analysis (Krumlinde-Sundholm & Eliasson, 2003; Krumlinde-Sundholm
et al., 2007b).
In initial test development a qualitative video analysis was undertaken to identify
observable actions of the assisting hand during play sessions of both typically developing
(n=5) and children with unilateral impairment (Obstetric Brachial Plexus Palsy, n=5 and
unilateral CP, n=10) between the ages of 18 months and 4 years of age (KrumlindeSundholm & Eliasson, 2003). Approximately 100 different sentences were generated to
describe actions of the assisting hand use during bimanual play. These sentences were
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analysed and organised into six clusters: assisting hand initiation and use (five items),
arm use (three items), grip-release functions (five items), fine motor adjustment (four
items, coordination ability (two items), and pace of performance (three items). The items
in the six clusters formed a total of 22 items that measured assisting hand use
(Krumlinde-Sundholm & Eliasson, 2003).
In the next step of test development, the data gathered from the 100 sentences
describing actions of the affected hand were used to create hierarchically ordered four
point rating scales for each of the 22 test item and resulted in a total scale ranging from
22 to 88 raw score points (Krumlinde-Sundholm & Eliasson, 2003). While in general, a
score of 4 reflected effective skilled performance, 3 reflected questionable performance,
2 reflected ineffective assisting hand use, and 1 reflected inability to perform the action
using the assisting hand; each test item had specific criteria describing the four different
levels of ability. Introductory statements outlining each item were also generated
(Krumlinde-Sundholm & Eliasson, 2003).
Initial validation of the 22 items was conducted by two experienced clinicians
watching video recordings of children with unilateral impairment of various abilities and
recording their observations. These observations were compared with the initial list of
sentences and minor adjustments were made to the items. Further validation of the test
items was performed through analysis using the RMM (Krumlinde-Sundholm &
Eliasson, 2003).
3.3.3 Internal Scale Validity of the AHA Test Measures
Item response theory and in particular the RMM (Rasch, 1960) has been
increasingly used to evaluate the psychometric properties of measurement tools
developed for use in children with disabilities. Well established assessments that have
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been developed using the RMM include the Pediatric Evaluation of Disability Inventory
(Haley, Coster, Ludlow, Haltiwanger, & Andrellos, 1992), the Gross Motor Function
Measure (Avery, Russell, Raina, Walter, & Rosenbaum, 2003), the Assessment of Motor
and Process Skills (Fisher, 1995) and the ABILHAND-Kids (Arnould, Penta, Renders, &
Thonnard, 2004).
During AHA test development, the RMM was used on two occasions to evaluate
aspects of internal scale validity and reliability of the test items and person measures
(Holmefur, 2009; Krumlinde-Sundholm & Eliasson, 2003; Krumlinde-Sundholm et al.,
2007b). Sixty measures of children with unilateral CP (N= 22), Obstetric Brachial
Plexus Palsy (N= 7), and children with typical development (N=8) aged between 18
months and five years were entered into an initial analysis (Krumlinde-Sundholm &
Eliasson, 2003) using a rating scale model of analysis (Andrich, 1978). The results
provided preliminary evidence for internal scale validity and reliability of the 22 AHA
test items to accurately measure different ability levels of children with unilateral
impairment on the unidimensional construct of interest: that is, effective assisting hand
performance (Krumlinde-Sundholm 2003). Further evidence for the internal scale
validity of the AHA test items was provided in 2007 with a larger sample of children
with unilateral CP (N=362) and Obstetric Brachial Plexus Palsy (N=47) between the ages
of 18 months to 12 years (Krumlinde-Sundholm et al., 2007b). Four hundred and nine
measures were entered into this analysis using a partial credit model (Masters, 1982).
Results from this analysis corresponded well with the previous findings (KrumlindeSundholm & Eliasson, 2003) and so only evidence from this second analysis will be
reported in this thesis.
In the second analysis (Krumlinde-Sundholm et al., 2007b), combined evidence
from fit statistics and a principal components analysis provided good evidence that the
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AHA test items fit the model assumptions and measured a unidimensional construct for
children with unilateral CP. The mean standard error for the test items was low (0.13;
range 0.11- 0.20), which revealed high precision and reliability of the test measures.
Person response validity demonstrated that 97% of person’s responses fit the model
assumptions and the person separation reliability was high (0.97). A person separation
index of 5.42 demonstrated that the AHA could effectively distinguish between seven
distinct levels of ability. The range of person ability measures was satisfactorily covered
by the range of item difficulty measures; and the difficulty of the items was well matched
to the ability of the persons and thus was appropriate for the targeted group of children.
This was confirmed by the closeness of the mean value of both items (0.0; SD=2.19) and
persons (-0.36; SD=3.38). There were no floor or ceiling effects detected in the sample.
The response patterns indicated by the hierarchical ordering of the test items
corresponded well with clinical experience. Evidence from these findings suggested that
the items in the AHA scale were able to separate and distribute children along the
construct of interest, indicating that the AHA rating scale would likely be responsive to
change. This study recommended that 22 AHA test items be used to evaluate
effectiveness of the assisting hand during bimanual task performance. The raw score sum
ranges were from 22 to 88 points (Krumlinde-Sundholm et al, 2007b).
3.3.4. Reliability (rater, test-retest and alternate forms)
Reliability indicates the extent to which measurement is consistent, precise and
free from error (Portney & Watkins, 2000). Evaluations of different aspects of the
reliability of the AHA item and person measures have been undertaken (Holmefur, Aarts,
Hoare, & Krumlinde-Sundholm, 2009; Holmefur, Krumlinde-Sundholm, & Eliasson,
2007; Krumlinde-Sundholm et al., 2007b).
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Evidence for inter (two and 20) rater and intra-rater reliability of the Small-Kids
AHA has been determined (Holmefur, et al., 2007). In the two rater interrater reliability
trial, the Intra Class Coefficient (ICC) for the sum score was 0.98 (95% confidence
interval, 0.95-0.99), and in the 20 rater trial the ICC was 0.97 (0.92-0.99). The intrarater
ICC for the sum score was 0.99 (0.98-0.99). As a general guideline, ICC values above
0.75 are considered to indicate good reliability (Portney & Watkins, 2000). The high
values of the ICC’s in this study indicated that results gained from the AHA testing
situation were reliable. The high ICC’s also indicated that the raters could separate
children of different ability well. The standard error of measurement for interrater data
from the 20 rater design was 1.5, giving a 95% confidence interval of ± 3 raw scores.
For intrarater conditions the standard error of measurement was 1.2, giving a 95%
confidence interval of ± 2.4 raw scores. These values provide important information to
assist clinicians to interpret scores.
A study to examine test-retest and alternate forms reliability has also been
undertaken (Holmefur, et al., 2009). Evidence for test-retest reliability was important to
establish for repeated testing of individuals, for example following intervention or over a
period of time. Without evidence for test-retest validity, it is not known whether changes
in scores are the result of real changes or measurement error (Holmefur, et al., 2009).
Alternate forms reliability refers to the agreement of test results when different versions
of the test, in this instance the Small-Kids AHA and School-Kids AHA are provided to
the same individual. This is important to establish before test results from different
forms of the test can be compared (Holmefur et al., 2009).
Test-retest reliability was evaluated using data obtained in two testing sessions
spaced approximately two weeks apart. (Holmefur, et al., 2009). Reliability coefficients
were high (0.99 and 0.98 for Small-Kids AHA and School-Kids AHA respectively).

58

Alternate forms ICC’s were 0.99 between Small and School-Kids versions and 0.98
between the two board games (Aliens and Fortress). Paired t-tests showed no systematic
differences between test-retest or between alternate forms testing sessions. The standard
error of measurement for test-retest was 1.4 raw scores for the Small-Kids AHA and 1.3
raw scores for the School-Kids version. The smallest detectable difference for test-retest
situation was 3.9 raw scores, for the Small-Kids AHA, and 3.7 raw scores for the SchoolKids AHA. These results provided strong evidence of excellent test-retest reliability as
well excellent reliability for alternate versions of the AHA. The high ICC’s indicated
that the AHA could distinguish between children of different abilities, although when
interpreting scores the size of the smallest detectable difference’s also need to be
considered and applied clinically. A difference of 4 raw scores between two test
occasions indicates a true difference, exceeding the smallest detectable difference, i.e. the
possible error variance within the measure (Holmefur et al., 2009).
3.3.5 Longitudinal Validity
A recent prospective longitudinal study described the development of effective
assisting hand use during bimanual play occurring in children with unilateral CP between
18 months and 8 years (Holmefur et al., 2010). Forty-three children with unilateral CP
were assessed between three and eleven times over a mean period of 4 years and 6
months. The development of hand function over a period of 18 months to 8 years of age
could be described by the non-linear mixed model design used to develop motor
development curves. In one of the analyses, children were grouped according to AHA
scores at 18 months. Children who had higher ability AHA scores at 18 months, that is
they spontaneously used their affected hand for holding or grasping, reached a
significantly higher level and had a higher progression rate than children with a low 18
month AHA score who did not spontaneously use their affected hand to hold at this age.
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The assisting hand use of the more affected children tended to continue to develop over a
longer time span, but did not reach the same level as the higher performing group. The
authors concluded that the 18 month AHA score could provide a useful prediction of
assisting hand development, and be used to discuss the prognosis of future development
of the affected hand for children with unilateral CP (Holmefur et al., 2010).
3.3.6 Responsiveness
Instruments that are used for evaluation must be able to detect change in the
individual or group on the dimension of interest over time (Kirshner & Guyatt, 1985).
The ability of the AHA as a suitable instrument to detect change has been evaluated
during test development in a two ways.
Firstly, the RMM analysis indicated that the high person separation index (5.42)
which was derived from the high person reliability coefficient (0.97) meant that this scale
could separate children with unilateral impairment into seven distinct levels of ability
(strata) with high precision. This was calculated using the formula (Linacre 2002):
Number of strata = (separation ratio *4 + 1)/3
This indicated that children with a range of levels of ability were being measured by the
AHA test items. Having a high number of person strata indicates a higher potential to
detect change (Linacre, 2002).
Secondly, evaluations of various forms of reliability (rater, test-retest and
alternate forms) indicated that the AHA could measure the construct of assisting hand
performance accurately. Along with the high accuracy indicated by the high ICC’s, the
test developers also provided data reporting measurement error (standard error of
measurement and smallest detectable difference) to guide interpretation of change scores.
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Researchers have increasingly used the AHA as the primary outcome measure in
clinical trials to evaluate the effectiveness of different upper limb interventions for
children with unilateral CP. Some examples include studies that evaluate the effects of
botulinum toxin injections combined with bimanual and modified constraint induced
movement therapy (Hoare, et al., 2010), modified constraint-induced movement therapy
(mCIMT) (Aarts, Jongerius, Geerdink, van Limbeek, & Geurts, 2010), Hand-Arm
Bimanual Intensive Therapy (Gordon, Schneider, Chinnan, & Charles, 2007), bimanual
training and mCIMT combined (Boyd et al., 2010) and more recently a new intervention
method called children action-observation training or UP-CAT (Sgandurra et al., 2011).
Evidence provided by the AHA test developers allows researchers using the AHA as an
outcome measure to confidently report the results following intervention.
3.4 Summary and Conclusion
This chapter has provided comprehensive evidence that the decision to adapt the
AHA to develop the Mini-AHA was well founded because the AHA is a wellconstructed and psychometrically sound measurement tool. The AHA test developers
provided strong evidence that the AHA test items measure accurately and precisely a
single construct: that is the effective use of the assisting hand during bimanual task
performance. This construct is important for understanding the particular upper limb
difficulties associated with unilateral CP. The AHA can describe how well an individual
child with unilateral CP uses their affected hand in bimanual performance, and it
discriminates well between the abilities of different children. The AHA has been shown
to be responsive to change over time and is an appropriate tool to measure outcomes
following intervention. Clinicians and researchers can accurately and confidently report
findings using this measure.
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Development of the AHA to be suitable for young children under 18 months was
an important undertaking because this is a time when the impairment is first emerging,
when motor skills are rapidly developing, and when neural plasticity may provide the
best conditions for therapeutic interventions to influence motor outcomes. Currently
there is no evidence for how very young children with unilateral CP use their two hands
when playing with toys. This thesis begins the process of providing evidence for the
Mini-AHA as a test of assisting hand use in children with unilateral CP younger than 18
months. The adaptation of the AHA to create the Mini-AHA was achieved by a five step
process that aimed to
1. Determine whether the construct evaluated by the AHA, that is effective use of
the assisting hand during bimanual task performance, could also be assessed in
very young children with unilateral CP.
2. Define the purpose of the Mini-AHA and rationales for its use.
3. Create a new play session to provoke spontaneous bimanual play using play
objects suitable for very young children.
4. Evaluate the AHA test items for suitability as well as generating new items to
create a Mini-AHA rating scale.
5. Evaluate the internal scale validity of the Mini-AHA test items using the Rasch
measurement model.
A further step was also undertaken in this thesis to demonstrate how the MiniAHA could be used in clinical practice with young children with unilateral CP for
assessment purposes and to guide intervention within a clinical reasoning model. This
research program did not undertake to provide evidence of rater or test-retest reliability,
nor evidence for longitudinal validity. These important steps for further development of
the Mini-AHA will be undertaken in the future.
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In the next chapter, the first two steps in this process are considered. That is,
whether the construct measured by the AHA can also be measured in very young
children with unilateral CP, as well as defining the purpose of the Mini-AHA and
rationales for its use. This chapter will also briefly outline the requirements for steps
three to five.
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CHAPTER FOUR: BACKGROUND TO THE MINI-ASSISTING HAND
ASSESSMENT AND RESEARCH PLAN
4.1 Introduction
In this chapter background information to the development of the Mini-Assisting
Hand Assessment (Mini-AHA) is provided. This information includes the construct that
is measured by this measurement tool, as well as a statement of the purpose of the test,
and rationales for use of the Mini-AHA. This chapter also outlines the adaptations that
were undertaken by this body of research to modify the Assisting Hand Assessment
(AHA) so that a new version suitable for children with unilateral CP aged 8-18 months
was developed.
4.2 Theoretical Background to Test Development
4.2.1 Construct Measured by the Mini-AHA
As described in section 3.2.2, an important first step in test development is to
detail the construct of interest being measured. The construct that is measured by the
AHA is how effectively children with unilateral impairment use their assisting hand
during bimanual task performance (Krumlinde-Sundholm, Holmefur, Kottorp, &
Eliasson, 2007). This construct is based on the concept of hand role performance.
During the completion of bimanual activities, the two hands often assume different hand
roles, with one hand acting to hold or stabilise an object while the other hand manipulates
it. For children with typical development either hand may perform the more active role,
although the dominant hand is more often used as the manipulating hand while the nondominant hand acts in the stabilising or supporting role (Fagard & Lockman, 2005;
Fagard & Marks, 2000; Ramsay & Weber, 1986). For children with unilateral
impairment, difference between the two hand roles is often accentuated, with the affected
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hand predominantly being used as the holding or “assisting” hand. This hand role does
not require as much skill as the manipulating hand role (Krumlinde-Sundholm et al.,
2007).
Role differentiated use of the hands develops throughout infancy (Fagard, 1990).
However, it is not until 18 months of age that this skill becomes well established and is
the predominant coordinative pattern. At 18 months children can perform relatively
complex bimanual tasks that require the cooperative, role differentiated use of both hands
(Fagard, 1990). For this reason 18 months was chosen by the AHA test developer as the
earliest age to evaluate assisting hand use.
Using this knowledge of child development it might be assumed that children
younger than 18 months may not be able to perform the necessary role differentiated
bimanual actions that would require an “assisting” hand, and thus it may not be possible
to measure the effectiveness of assisting hand performance. It was not known whether
the performance of other bimanual actions completed by children in this younger age
range might be affected by arm/hand impairments associated with unilateral CP. It was
unknown whether very young children could recognise that two hands were needed to
complete bimanual play tasks. It was also unknown whether the affected arm/hand of
children with unilateral CP would act in an assisting hand role during bimanual actions
used by younger children. Therefore, it was not known whether the same AHA test
construct could be measured in children with unilateral CP younger than 18 months: that
is, effective assisting hand use during bimanual play performance. To begin to
understand whether measurement of the same or a similar construct was possible, a
review of the child development literature describing the development of bimanual
performance in typically developing children younger than 18 months was conducted.
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This aimed to determine at what age very young children could use a variety of bimanual
arm and hand actions that could be measured.
4.2.2 The Development of Bimanual Performance in Children with Typical
Development
Developing bimanual arm/hand skills. Bimanual arm and hand activities during
the first few months of life are a mix of asymmetrical and symmetrical movements which
are predominantly reflexive or general movements (Case-Smith, 2005; Corbetta &
Mounoud, 1990). Between 2 and 4 months of age, symmetrical bimanual arm
movements begin to occur when infants raise their arms towards toys or to the midline in
mutual fingering. At around 4 to 5 months, postural control of the upper body begins to
improve, which allows children to increasingly use visually guided reaching for objects.
This reaching usually occurs with one hand leading, although it is quickly joined by the
other hand (Fagard, 1990, 1994). At this age infants also start to develop control of
grasp, beginning to be able to orient and adjust their hands during grasping based on
tactile and visual information (Corbetta & Mounoud, 1990; Newell & McDonald, 1998).
However, grasp is still fairly rudimentary with the whole hand being used, and bimanual
manipulative patterns are confined to symmetric bimanual holding of objects which are
often taken to the mouth (Case-Smith, 2005; Karniol, 1989). At 6 months of age infants
continue to demonstrate associated rather than independent bimanual movements. This
means that predominantly the two hands act in concert. For example, active supination
and isolated wrist movements of one hand when exploring objects are often mimicked or
‘mirrored’ by other hand. During the first six months of life bilateral patterns are
generally limited to similar actions for the two hands, for example when both hands
reach for an object or when both hands grasp an object (Corbetta & Thelen, 1996;
Fagard, 1994).
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At approximately 7 to 8 months of age a different phase of development of
bimanual skills commences. Rather than both hands and arms acting together, young
children start to use a different type of inter-limb coordination. In this coordinative
pattern, the two hands can act in different time frames and in different spatial frames of
reference (Fagard, 1994). This new coordinative pattern combined with improved
postural control means that from this age there is a rapid development in a young child’s
ability to manipulate and explore objects with increasing complexity using longer and
better organised sequences of movement (Corbetta & Thelen, 1996; Fagard, 1994;
Fagard & Pezé, 1997; Karniol, 1989).
Mouthing, which peaks at 6-7 months, begins to decline as a way of exploring
toys (McCall, 1974; Ruff, 1984). Instead, from 7-8 months other bimanual manipulative
patterns become more common. At 8 to 9 months, toys can easily be transferred from
hand to hand without an extended period of holding the toy with both hands (Karniol,
1989; Ruff, 1984). Rotation is no longer with the wrist but rather the children turn toys
around using both hands so that different surfaces can be explored (Ruff, 1984; Ruff,
Saltarelli, Capozzoli, & Dubiner, 1992). Children can hold one toy with both hands
(bimanual holding) to stabilise and steady them (Karniol, 1989; Palmer, 1989), and from
8 months can also start to hold two toys, one in either hand, and combine them together
in midline using bimanual symmetrical movements (McCall, 1974; Ramsay, 1985). This
is the first indication of their capacity to associate two objects.
Also beginning at 7 to 8 months of age is the selective use of either one or two
hands to reach for and grasp objects depending on the object’s properties (Corbetta &
Thelen, 1996; Goldfield & Michel, 1986). Picking up small objects with one hand
becomes the predominant pattern, and this enables manipulations such as fingering the
toy or poking at it with the other hand. This is the first real evidence of role
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differentiated bimanual movements whereby the two hands coordinate to perform
complimentary but differentiated movements on one or more objects (Kimmerle, Ferre,
Kotwica & Michel, 2010; Kimmerle, Mick & Michel, 1995). The appearance of role
differentiated behaviours is believed to coincide with major shifts in motor coordination,
cognitive functioning and neural functional organisation that also occur around this time
(Connolly & Dalgleish, 1989; Ramsay & Weber, 1986; Serrien, Ivry, & Swinnen, 2006).
Approximately 80% of children show simple role differentiated bimanual movements at
7 months, although the actions are only brief, not skilful, and they occur incidentally
during object play (Kimmerle et al., 2010). These actions are infrequent behaviours that
usually occur as the child tries to grab a toy or when a toy is turned and rotated, thus the
actions are not provoked by the type of toy with which the child is playing (Kimmerle, et
al., 2010; Kimmerle et al., 1995).
Over the next few months the ability to use role differentiated bimanual
movements becomes more established. At 9 months, simple role differentiated actions
such as fingering a toy are consistently seen, while by 13 months role differentiate
bimanual movements have become a robust skill consisting of a range of different
behaviours which are used more frequently and for longer periods of time (Kimmerle et
al., 2010). Kimmerle et al.’s study only evaluated children at 7 and 9 months, so whether
these actions can be consistently seen at 8 months is not known.
Studies by Kimmerle and colleagues (1991, 2010) also indicate that even though
role differentiated bimanual movements become fully functional and integrated into
behaviour at 13 months, they still represent only 20% of a young child’s play at this time
(Kimmerle, 1991; Kimmerle, et al., 2010). By 19 months the frequency with which role
differentiated bimanual movements are used has increased to 25%, while it is not until 3
years of age that it occurs 50% of the time and is the predominant movement repertoire.
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The ease and skill with which role differentiated bimanual movements, and indeed all
bimanual actions, are performed continue to improve throughout the child’s first 18
months, as well as continuing to improve throughout childhood and beyond (Fagard,
1990).
This developmental review has indicated that although role differentiated
bimanual movements are not a common bimanual behaviour in children younger than 18
months, simple forms of this behaviour are likely to be seen from 8 months of age.
Additionally, 8 months of age is a watershed period for many other bimanual actions
such as transferring toys from hand to hand, turning and rotating toys using two hands in
order to explore them, holding and steadying toys with both hands (bimanual holding),
as well as using symmetrical arm/hand actions, such as banging two objects together.
Thus developmental expectations reported in the literature indicate that children between
the ages of 8-18 months commonly use a variety of bimanual play actions, including role
differentiated bimanual movements, to play with and handle toys. In children with
unilateral CP, these bimanual play actions are likely to be affected by how well the
affected hand is used during bimanual play performance, and this may result in the
affected hand primarily acting as a helping or “assisting hand” during this play
performance.
Perceptual and cognitive influences. Another important concept that needed to
be considered during initial test development was whether very young children could
cognitively and perceptually recognise that toys should be played with using both hands.
The Mini-AHA aimed to be a play based assessment that used toys to provoke bimanual
performance. It was reasoned that if young children could not recognise that two hands
were required to play with toys, then it would not be possible to develop a valid measure
of the construct of bimanual play performance.
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Perception action theory proposes that sensorimotor and perceptual/cognitive
skills are not independent (Corbetta & Mounoud, 1990; Gibson, 1988). Perception and
cognition provide the basis for understanding objects in our environment and for
informing choices about which motor actions are required to achieve a desired goal
(Adolph & Joh, 2007; Bertenthal, 1996; Bushnell & Boudreau, 1998). Developmental
expectations reported in the literature show that 8 months of age is again an important
time when children first demonstrate the perceptual and cognitive capabilities to
recognise that toys require two hands to play with them.
From 8 months, postural and motor control allows for appropriate bimanual
strategies to be used according to the child’s perception of a toy’s physical properties.
For example, children at this age can use visual guidance and haptic feedback to perceive
the size of an object, so that they reach for large toys with both hands and for small
objects with one hand (Corbetta, Thelen, & Johnson, 2000; Fagard & Jacquet, 1996;
Fagard & Marks, 2000; Fagard & Pezé, 1997). While younger children can also perceive
the physical properties of objects, they do not have the requisite postural and motor
control to act on this perception (Corbetta & Snapp-Childs, 2009; Corbetta, et al., 2000).
Cognitively, 8 months is the age when children begin to intentionally combine
and recombine different actions using means-end strategies to achieve a particular goal
(Piaget, 1952). Bimanual means-ends strategies occur when both hands play a
complementary role and are initially comprised of simple actions such as pulling a string
to gain a toy or removing a toy inserted in another (Fagard, 1998). Later, more complex
bimanual strategies such as lifting the lid of a box to gain a toy inside can also be
achieved (Bojczyk & Corbetta, 2004; Bruner, 1970; Ramsay & Weber, 1986). As with
motor skills, cognitive and perceptual abilities continue to develop throughout childhood
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allowing for an increasing range of bimanual tasks to be accomplished (Esseily, Nadal, &
Fagard, 2010).
This cognitive and perceptual information suggested that, similar to motor skills,
8 months of age is a watershed period for cognitive/perceptual abilities to allow a greater
variety of bimanual play tasks to be accomplished. A combination of improvement in
these skills and improved postural and motor capabilities indicates that children at this
age would be likely to recognise that toys need to be played with using two hands and
use bimanual means-end strategies to complete the tasks. Based on the available
developmental evidence, a range of actions to assess bimanual performance within a play
based test situation should be able to be provoked in children from 8 months of age.
Information gained from child development literature about bimanual hand and
arm use and the perceptual/cognitive abilities of children younger than 18 months has
suggested that the same construct that is measured by the AHA could also be measured
in children from 8 months of age. That is, from this age it was reasonable to assume it
would be possible to measure how well the affected hand is used as an assisting hand
during bimanual task performance. From 8 months of age it should also be possible to
use a play session with carefully selected toys that elicit bimanual responses to evaluate
this performance. Thus it was determined that the Mini-AHA would focus on children
aged 8-18 months. Eighteen months was chosen as the upper age limit for this
assessment as this is when the Small-Kids AHA can be validly and reliably administered.
4.2.3 Purpose of the Test
The purpose of the Mini-AHA is to describe and measure how effectively very
young children (8-18 months of age) with clinical signs of unilateral CP use their
affected hand during bimanual task performance (play). Similar to the AHA, the Mini-
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AHA aims to be a descriptive/discriminative and evaluative test. That is, it aims to
describe a child’s current ability to use their affected hand in an assisting role during
bimanual play performance, and distinguish between one child’s performance and the
performance of other children with a similar condition. The Mini-AHA also aims to be
able to evaluate change in assisting hand performance over time or following an
intervention.
Being able to describe a child’s current level of ability and to distinguish ability
levels between different children with this condition could provide important clinical
information for bimanual function in this very young age range. Evaluating change
resulting from intervention or longitudinal development is important at a time when
motor skills are rapidly developing and when neural plasticity may allow therapeutic
interventions to be most effective.
4.2.4 Rationales for Development of the Mini-AHA
There are a number of reasons why it is important to be able to evaluate the
assisting hand function of very young children with unilateral CP. First, upper limb
assessment of children with unilateral CP should include the circumstances when use of
the affected upper limb is predominant: during bimanual task performance. Assessment
of the affected upper limb using unimanual assessments does not necessarily help
determine whether bimanual skills can be achieved. Even in very young children,
bimanual performance is more complex than unimanual performance. Young children
have to cognitively recognise that bimanual means-end strategies can be used to
complete a bimanual task, and they have to perceptually recognise that the object should
be handled with two hands. They then have to complete the bimanual tasks using both
hands that are (relatively) spatially and temporally coordinated in an appropriate
sequence of movements. As it is complex, assessment of how well the affected hand can
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be used during bimanual task performance should be completed using a test that
specifically measures this construct. As determined within the systematic review
(Greaves, Imms, Dodd, & Krumlinde-Sundholm, 2010) there are currently no tests of this
construct available for very young children.
Second, assessment of assisting hand function in very young children may be
particularly critical during the first few years of life when interventions could maximise
corticospinal tract development and improve motor outcome (see section 1.5.1). These
interventions should be assessed with outcome measures that are meaningful and relevant
to the aspect of interest.
A third reason for developing a test of bimanual performance that evaluates how
young children spontaneously use their hands during bimanual play is that it would more
closely assess what the child “does do” when provided with toys rather than what they
“can do”. This would provide a more accurate picture of the child’s true abilities as it
would reflect what young children do in their daily life, as play with objects is a major
occupation of early childhood (Bushnell & Boudreau, 1998; Casby, 2003; Chase, 1994).
Finally, children with unilateral CP are not likely to develop their bimanual skills
in the same way as children with typical development (Krumlinde-Sundholm et al.,
2007). If this is the case, then norm referenced tests fail to provide valid descriptive and
developmental information about the hand function of children with unilateral CP. At
present, it is not possible to describe the development of how young children with
unilateral CP use their affected hand during bimanual play performance as there is no
way of measuring this construct.

79

4.3 Process for Establishing Initial Evidence for Validity, Reliability and Clinical
Utility of the Mini-AHA
As with the AHA, the development of the Mini-AHA as a valid and reliable tool
to measure effective assisting hand use in young children with unilateral CP will be an
ongoing process that will take considerable time to accomplish. The four most important
aspects for initial test development were identified as: (a) developing a play session
suitable for younger children and providing evidence for its validity, (b) developing the
test items (rating scale), (c) providing evidence for the internal scale validity of the MiniAHA test items by evaluating item and person response validity through a Rasch
measurement model (RMM) analysis, and (d) exploring the clinical utility of the MiniAHA for young children with unilateral CP. The next section will provide a brief
introduction to each of these test development and clinical utility steps.
4.3.1 Evidence for the Validity of the Play Session to Evaluate Bimanual
Performance
A central feature of the Mini-AHA and AHA assessment tools is that toys are
used to provoke bimanual hand use. Using toys to provoke spontaneous bimanual
performance means that the child’s typical performance is elicited and not their best
performance, otherwise known as their capacity (Krumlinde-Sundholm et al., 2007). The
selection and types of toys used in the AHA play session was described in the previous
chapter (see section 3.31). Experience of working with very young children with
unilateral CP, and providing some of these toys to children younger than 18 months with
unilateral CP in play sessions quickly demonstrated that the Small-Kids AHA toys would
not be suitable for children in this very young age range. The toys were motorically and
cognitively too difficult for very young children to handle. For this reason, it was
decided that a new set of toys would be required.

80

Evidence for the construct validity of the toys in the Mini-AHA play session to
provoke bimanual play was gained through a two-step process.
Step one: Selection of the toys. The aim of the first step was to gather
information from child development research that described how children aged 8–18
months with and without unilateral CP developed bimanual performance, and to use this
information as the basis for selecting toys for the Mini-AHA test situation. Selection of
appropriate toys was required to enable observation and scoring of how young children
use their two hands together when playing.
Step two: Evaluation of the toys to provoke a bimanual response. The aim of
the second step was to validate the Mini-AHA play session by assessing the extent to
which the selected toys could successfully provoke a range of bimanual play actions in
young children with typical development, as well as in children with clinical signs of
unilateral CP aged 8-18 months. It was hypothesised that (a) children with typical
development would use bimanual actions to play with the toys most (>95%) of the time,
(b) the toys would elicit the full range of bimanual behaviours in children with typical
development, (c) there would be a positive relationship between the level of upper limb
impairment in children with unilateral CP and their ability to use their two hands to
complete bimanual tasks, and (d) children would use different actions to handle toys with
different properties.
4.3.2 Developing the Mini-AHA Test Items
The AHA evaluates effective assisting hand performance through observation of
the video-recorded play session and then rating the child’s performance using 22 AHA
items that describe object related actions of the affected hand during bimanual task
performance (see Appendix B). How the AHA items were generated and validated is
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described extensively in section 3.3.2. The aim of the second phase of test development
of the Mini-AHA was to create a trial version of Mini-AHA test items and related
scoring criteria by accepting, changing or rejecting original AHA items and/or generating
new test items that reflected the use of the assisting hand in the younger age group.
4.3.3 Providing Evidence for the Internal Scale Validity of the Mini-AHA Test Items
using the Rasch Measurement Model (RMM)
Following item generation, the next step in the development of the Mini-AHA
involved validation of the Mini-AHA test items. Internal scale validity of the Mini-AHA
test items was examined by evaluating item and person response validity through a RMM
analysis and a final version of the Mini-AHA test items was established. In addition, we
examined whether the Mini-AHA test measures were influenced by age related
development. In this period of rapid motor development it was important to know that
the Mini-AHA measured the impact of the unilateral upper limb impairment on bimanual
performance and not age related developmental change. It was hypothesised that
children without impairment would achieve maximum scores on the Mini-AHA
regardless of age, and that there would be a negligible relationship between age and
performance of children with unilateral CP.
4.3.4 Use of the Mini-AHA Test Scores to Guide Intervention Planning
In the final study of this research program the clinical utility of the Mini-AHA
test scores to guide intervention planning was evaluated. The test scores were used as
part of a clinical reasoning process to guide intervention targeted at specific assisting
hand actions affecting achievement of identified occupational performance issues.
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4.4 Conclusion
This chapter has provided core background information that was important to the
development of the Mini-Assisting Hand Assessment, including the construct to be
measured, the purpose of the assessment tool, and the rationales for why the development
and use of this assessment tool is important. The chapter also outlined the steps
undertaken in this body of research to create the Mini-AHA and to demonstrate clinical
utility of the Mini-AHA for young children with unilateral CP. The next four chapters
will detail these four studies.
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CHAPTER FIVE: SELECTING TOYS THAT ELCIT THE USE OF TWO
HANDS IN CHILDEN AGED 8-18 MONTHS
5.1 Introduction
The goal of the study detailed in this chapter was to describe the method used to
select toys for the Mini-AHA play session. This was necessary as the toys in the current
AHA test kit were considered motorically and cognitively too difficult for young children
aged 8-18 months to handle. New toys were required that would elicit bimanual hand
use in children in this younger age range.
The selection of toys was an important step as an underlying tenet of the MiniAHA is that measurement of effective assisting hand use occurs within the context of
bimanual (play) performance. Therefore to test bimanual play performance, young
children must have a reason to play with both hands. This study details the processes
used to select toys for the Mini-AHA play session. This study was published in the
journal Research in Developmental Disabilities in January-February 2012. The
manuscript is placed at the end of the chapter.
5.1.2 Study Two
Greaves, S., Imms, C., Krumlinde-Sundholm, L., Dodd, K., & Eliasson, A-C. (2012).
Bimanual behaviours in children aged 8–18 months: A literature review to select
toys that elicit the use of two hands. Research in Developmental Disabilities.
33(1). 240-250.
Journal impact factor: 3.201.
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5.2 Summary and Conclusions
In this study an extensive review of evidence found in child development
literature for three relationships that help determine bimanual performance was
undertaken. Information from 35 papers found evidence for: (a) six different bimanual
actions used by young children to handle toys, (b) six cognitive and perceptual factors
that influence whether children recognise that a toy requires both hands to play and, (c)
11 different object properties that would provoke a bimanual response. All 35 papers
described evidence for children with typical development (TD). No information was
found for children with unilateral CP. This information was synthesized and a list of
possible toys for the Mini-AHA play session was formulated. The next step in the
development of the Mini-AHA was to empirically test the toys with both children with
TD and children with unilateral CP to evaluate their effectiveness. This would provide
further evidence for the Mini-AHA as a measurement tool to score effective assisting
hand use during bimanual performance in young children with unilateral CP.
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Toys that provoke the use of both hands are required to develop a test of bimanual
performance in children 8–18 months with unilateral cerebral palsy (Mini-AHA). To choose
the toys, a conceptual model based on perception–action theory and object use was used to
guide a literature review. Evidence was sought for three critical relationships identiﬁed in the
model which help determine bimanual performance: (1) the child–toy relationship, (2) the
child–task relationship, and (3) the toy–task relationship. Evidence for both typically
developing children and children with unilateral CP in this age range was sought. Thirty-ﬁve
papers provided information about one or more of the relationships in typically developing
children. No evidence was found for children with unilateral CP. Synthesis of the evidence
from these three relationships informed toy selection for this new assessment.
ß 2011 Elsevier Ltd. All rights reserved.

Keywords:
Bimanual performance
Young children
Toy selection
Conceptual framework
Unilateral CP

1. Introduction
Cerebral palsy is the most common physical disability in childhood (Himmelmann, Hagberg, Beckung, Hagberg, &
Uvebrant, 2005; Stanley, Blair, & Alberman, 2000). Children with unilateral cerebral palsy (CP) have an upper limb
impairment whereby one side of the body functions well; while motor and sensory deﬁcits in their more affected arm and
hand results in difﬁculty using that limb. The less-involved hand is predominantly their ﬁrst choice for handling and
controlling objects (Hoare, Wasiak, Imms, & Carey, 2007; Sköld, Josephsson, & Eliasson, 2004). Difﬁculty using the affected
hand together with the well-functioning hand is a key problem for many children with unilateral (CP) because everyday
tasks commonly require the use of both hands together. If two hands are not used, tasks may take longer, they may be
completed awkwardly or assistance may be required. The inability to use two hands cooperatively may result in bimanual
tasks not being attempted, or being completed less efﬁciently using just one hand (Krumlinde-Sundholm, Holmefur, Kottorp,
& Eliasson, 2007; Sköld, Hermansson, Krumlinde-Sundholm, & Eliasson, 2011).
Measuring the development of bimanual ability in infants and toddlers with unilateral CP is especially important because
this is a time when the developing nervous system is most inﬂuenced by activity (Eyre et al., 2007; Martin, Friel, Salimi, &
Chakrabarty, 2007). Neural plasticity may provide a window of opportunity to enhance the effectiveness of early
intervention. However unless there is a measure of bimanual ability in this young age group, the efﬁcacy of early intervention
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targeting bimanual performance cannot be determined. Currently there are no assessments of bimanual performance
available for children with unilateral CP younger than 18 months (Greaves, Imms, Dodd, & Krumlinde-Sundholm, 2010). The
only valid, reliable test that assesses bimanual skills suitable for children younger than four years is the Assisting Hand
Assessment (AHA) (Greaves et al., 2010).
The AHA is a standardised, criterion referenced test that measures how effectively children aged 18 months to 12 years
with unilateral upper limb impairment use their affected hand during a bimanual play session. Evidence for construct and
content related validity (Krumlinde-Sundholm & Eliasson, 2003; Krumlinde-Sundholm et al., 2007) reliability (test–retest,
intra- and inter-rater, and alternate forms), and responsiveness to change (Holmefur, Krumlinde-Sundholm, & Eliasson,
2007; Holmefur, Aarts, Hoare, & Krumlinde-Sundholm, 2009) has been reported. The AHA is unique because it assesses the
child’s spontaneous use of their affected hand using toys that require two hands to successfully handle them. For example a
toy cooking pot with a lid that is hard to remove, two cymbals to clap together, drawing utensils that have a top to be
removed, and a drawstring bag which needs two hands to open. Although the AHA is appropriate for children from 18
months of age, the current AHA play session is not suitable for younger children. They are not able to handle the AHA toys
appropriately as the bimanual tasks required by the toys are cognitively and motorically too difﬁcult for them. The internal
validity of the AHA can only be evaluated for children younger than 18 months if their bimanual actions can be elicited from a
play session using a new set of toys.
This paper will report on the development of the play session which is the ﬁrst step required to validate a new version of
the AHA for children with unilateral CP aged between 8 and 18 months called the Mini-AHA. To be a valid test of bimanual
skills, children must have a reason to use both hands together; thus allowing evaluation and scoring of bimanual
performance. To select the play objects and develop a suitable play session for this age group, speciﬁc information is needed
from child development research about (1) the range of bimanual actions demonstrated by typically developing children and
by children with (signs of) unilateral CP aged 8–18 months, (2) the development of cognitive-perceptual abilities that
inﬂuence two-handed use, and (3) the toy properties that provoke the perception–action cycle to stimulate bimanual play.
The aim of this paper is therefore to gather the requisite knowledge found in child development research to describe how
children aged 8–18 months with and without unilateral CP develop bimanual performance. This knowledge provides the
basis for creating a Mini-AHA test situation that enables clinicians to observe and score how young children use their two
hands together when playing. Throughout this paper the phrase young children will be used to describe children aged 8–18
months.
2. Conceptual model
Several authors have developed conceptual models to explain the interaction between children, objects that they play
with or use as tools, and tasks that they perform (Corbetta & Snapp-Childs, 2009; Rigby & Rodger, 2006; Schurink, Cox,
Cillessen, van Rens, & Boonstra, 2011). Similar to that proposed by Schurink et al., the conceptual model used in this review is
based on action–perception theory and studies investigating object use in early childhood (see Fig. 1). By identifying and
deﬁning the relationships between three components (child, toy, and task) the model helps us to understand why young
children choose to play with toys in a speciﬁc manner.
Action–perception theory proposes that exchanges between a person and their environment occur through perception of
the environment and action upon it. Action and perception are closely linked. Perception helps guide action, and action in
turn allows for more precise perception (Gibson, 1988; Ruff, 1980). This relationship between the sensory and action
systems is considered reciprocal and dynamic, with action control also being dependent on personal, environmental and task
constraints which interact to establish optimal patterns of coordination (Gibson & Pick, 2000; Newell, 1986; Smitsman &
Corbetta, 2010).
Playing with objects is an essential component of a young child’s exploration of their environment (Bushnell & Boudreau,
1998;
Palmer, 1989). By seeing, touching and manipulating objects, children learn about the object’s physical properties.
[(Fig._1)TD$IG]

Fig. 1. The conceptual model illustrating the relationships between the child, the toy and the task as required for the Mini-AHA play session.
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They learn how to use the toy and to plan future actions (Corbetta & Snapp-Childs, 2009). Perception–action routines used by
young children to gain information about play objects assist the development of early tool use (Lockman, 2000).
The conceptual model portrays the interactions between the child, toy and task as comprising three dynamic
relationships: the child–toy relationship, the child–task relationship and the toy–task relationship. The child–toy
relationship refers to actions that are needed to handle the toy. In this review we required speciﬁc evidence about the
possible bimanual actions that young children use when playing with toys. The child–task relationship refers to the child’s
goal directed behaviour and considers the perceptual and cognitive inﬂuences that guide action towards an intended play
task. We required evidence about whether young children could understand that an object should be played with using two
hands and what may assist that recognition. The toy–task relationship refers to the ﬁt between the toy and the intended task.
That is the speciﬁc characteristic of a toy that affords completion of a task. Evidence was required to support the proposition
that the physical conﬁguration of a toy could provoke bimanual play behaviours (see Fig. 1).
3. Methods
Guided by the three relationships identiﬁed within the conceptual model, a literature review was performed to locate
evidence to support decisions about how to provoke bimanual performance in children 8–18 months of age within a play
session. Evidence was sought for (1) the child–toy relationship to determine the variety of bimanual actions used by young
children when playing with toys. That is, play actions where both hands are used together. (2) The child–task relationship to
ascertain the perceptual and cognitive inﬂuences that guide understanding that an object should be played with using two
hands, and (3) the toy–task relationship to determine the toy properties that would provoke bimanual play.
Evidence for these three relationships was sought for typically developing young children as well as for young children
with unilateral CP. To obtain relevant articles, the following electronic databases were searched: Medline 1966 – March
2011, Embase 1980 – March 2011, PsycINFO 1806 – March 2011 and CINAHL 1982 – March 2011. Three primary search
strategies were developed using the identiﬁed keywords: ‘bimanual’; ‘infant’; ‘perception–action’; and ‘object’. Synonyms
were generated for each database and both indexed terms and truncated key-word searches were conducted as appropriate.
Reference lists of retrieved articles were also screened by hand for additional relevant studies. To obtain evidence for
children with unilateral CP; the three search strategies were repeated with the additional keyword ‘hemiplegia’.
Articles were included if they reported on a study that (1) investigated aspects of bimanual performance, (2) was an
original article providing research evidence for the aspect of interest, (3) investigated children aged between 8 and 18
months, (4) included typically developing young children or those with unilateral CP, and (5) was written in the English
language.
Articles were excluded if they (1) concerned unimanual skills such as (one-handed) reaching, grasp patterns,
manipulation of objects or hand preference, (2) were a secondary source of evidence such as a review in a book chapter or an
expert opinion piece, or (3) involved children with other disabilities such as Down’s syndrome. As the search was expected to
retrieve articles predominantly from psychological research, the quality of evidence for each of the three relationships was
evaluated by allocating one point for six principal features identiﬁed as being of importance in this type of study (Campion,
1993; Gersten et al., 2005; Ramos-Alvarez, Moreno-Fernadez, Valdes-Conroy, & Catena, 2008). These were (1) the theoretical
basis for the study were provided, (2) use of an appropriate study design, (3) adequate sampling methods, (4) use of
standardised measurement procedures to evaluate the aspect of interest, and reliability of these methods, (5) use of
appropriate statistics to analyse the ﬁndings, and (6) whether the conclusion was congruent with the results. These criteria
were used for each paper reviewed. However, for papers using qualitative methods, quality indicators 4 and 5 were
evaluated by considering the congruence between the methods of data collection and analysis, and the study purpose and
design (Hoffman, Bennett, & Del Mar, 2010).
The results of the review are reported using a narrative description of the evidence for each of the three relationships. The
synthesis of the evidence from each relationship was used to identify a list of possible toys for the Mini-AHA play session.
4. Results
The literature searches identiﬁed 35 papers that fulﬁlled the inclusion/exclusion criteria. The second search strategy for
young children with unilateral CP yielded no articles speciﬁc to this population. Therefore all results refer exclusively to
typically developing children. Table 1 provides a summary of the results grouped by each of the three relationships, along
with evidence of the quality of the research ﬁndings.
Thirty-four of the 35 identiﬁed papers used experimental, quasi-experimental or observational designs to evaluate
typical development, including bimanual performance. One paper used a qualitative design. Twenty-ﬁve papers were of high
methodological quality, scoring between ﬁve and six points for the designated methodological aspects. Papers rated as poor
quality were older; typically published in the 1970s or 80s. Some aspects of bimanual performance, such as bimanual
reaching/grasping, had been investigated by a large number of high quality papers. This appeared to result from an interest in
investigating the relationships between an observable action and the manipulation of a perceptual/cognitive variable (e.g.
size of the object). Other aspects of bimanual performance, for example, rotating/turning toys, had fewer and poorer quality
evidence. Unlike reaching, this bimanual action was never under primary investigation, but was reported as an observable
behaviour during exploratory play.
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Table 1
Evidence for the three relationships that inﬂuence bimanual performance, number of studies, study reference (author and year), and the quality of the research evidence to support each study.a
Number
of studies

11

Bimanual holding

7

Transferring
Rotating/turning toys
Symmetrical actions

3
2
7

Asymmetrical actions

8

Child–task relationship
Perceptual processes

5

Cognitive strategies

5

Relationships between objects

5

Novelty, attention and motivation
Complexity
Imitation and task exposure

3
4
4

Toy–task relationship
Size

7

Weight
Texture
Sound production
Stability of the object
Object number

2
3
2
1
12

Objects with components

6

Objects with moveable parts

5

Shape
Colour
Elasticity

2
1
4

6/6

5/6

4/6

Rochat (1992), Corbetta et al. (2000),
Corbetta and Snapp-Childs (2009),
Corbetta and Bojczyk (2002),
Fagard (2000), Bresson et al. (1977)
Corbetta and Snapp-Childs (2009),
Corbetta et al. (2000), Pierce et al. (2009)
Pierce et al. (2009)

Fagard and Jacquet (1996), Corbetta
and Thelen (1996), Goldﬁeld and
Michel (1986), Fagard and Pezé (1997)

Fagard and
Lockman (2005)

Fagard and Jacquet (1996)

Fagard and
Lockman (2005)

Kimmerle et al. (2010), Pierce et al. (2009),
Brakke et al. (2007)
Kimmerle et al. (1995, 2010), Bojczyk and
Corbetta (2004)
Corbetta and Snapp-Childs (2009),
Fagard (2000), Corbetta et al. (2000)
Bojczyk and Corbetta (2004), Kimmerle
et al. (2010)
Belsky and Most (1981), Kimmerle
et al. (2010), Pierce et al. (2009)

Kimmerle et al. (2010), Pierce et al. (2009)
Fagard and Lockman (2010), Goubet
et al. (2006), Bojczyk and Corbetta (2004)
Corbetta et al. (2000), Corbetta and
Snapp-Childs (2009), Fagard (2000),
Pierce et al. (2009)

Bresson et al. (1977)
Kotwica, Ferre, and Michel (2008),
Brakke et al. (2007), Bojczyk and
Corbetta (2004)
Pierce et al. (2009), Kimmerle et al. (2010)

Kimmerle et al. (1995, 2010), Pierce
et al. (2009)
Kimmerle et al. (2010)

Ruff (1984)
Ruff (1984)
Ramsay (1985)
Ramsay and Weber (1986), Fagard
and Pezé (1997)
Fagard and Pezé (1997), Fagard and
Jacquet (1996)
Ramsay and Weber (1986)

McCall (1974)

3/6

2/6

Newell et al.
(1989)

Karniol (1989)

Bruner (1970)

Fagard and
Jacquet (1989)
Fagard (1998)

Bruner (1970)

Fagard (1998)

Karniol (1989)
Kopp (1976)
Karniol (1989)
Karniol (1989)

Fenson et al.
(1976),
Fagard (1998)
Ruff (1984), Ruff et al. (1992)
Esseily et al. (2010)
Esseily et al. (2010)

McCall (1974)
Fagard (1998)

Fagard and Jacquet (1996), Fagard and
Pezé (1997), Palmer (1989)
Corbetta and Thelen (1996), Palmer (1989)
Palmer (1989), Ruff (1984), Ruff et al. (1992)
Palmer (1989)

McCall (1974)

Ramsay (1985), Fagard and
Pezé (1997), Ramsay and Weber (1986)

McCall (1974)
Bruner (1970)
Fagard and
Lockman (2005)

Fagard and
Jacquet (1989),
Fagard (1998)
Fagard and
Jacquet (1989),
Fagard (1998)

Bruner (1973),
Karniol (1989)
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Child–toy relationship
Bimanual reaching

Body of evidence and quality scorea

Karniol (1989)

Ruff (1984), Palmer (1989)
Ruff (1984)
Palmer (1989)
Palmer (1989), Ruff (1984)

McCall (1974)

Karniol (1989)

a

243

Each study received up to six points according to indicators for quality of evidence. Points were awarded if (1) the theoretical basis for the study was well grounded and the research question was appropriate for
the purpose of the study and clearly stated, (2) an appropriate study design was used, (3) a sufﬁcient description of the sampling methods was included and appropriate for the study design, (4) standardised
measurement procedures were used to evaluate the aspect of interest including operationally deﬁned measurement tools and a reliability evaluation, (5) appropriate statistics were used to analyse the ﬁndings and,
(6) conclusions were congruent with the results. For the qualitative paper, quality indicators 4 and 5 were evaluated by considering the congruence between methods of data collection and analysis and study
purpose and design (Hoffman et al., 2010).
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4.1. Child–toy relationship
To understand the child–toy relationship we sought evidence about the variety of bimanual actions used by young
children when playing with toys, and when these different actions emerge. Evidence was found for six different bimanual
actions used to handle toys (Table 1).
4.1.1. Bimanual reaching
Young children use either one or both hands to reach for toys (Fagard & Jacquet, 1996). Between 8 and 11 months children
move from earlier constraints that predispose use of either one or two handed reaching and can increasingly choose an
appropriate uni- or bimanual response (Corbetta & Thelen, 1996; Goldﬁeld & Michel, 1986). This maturation of response is
assisted by improved postural (Rochat, 1992) and motor control (Corbetta, Thelen, & Johnson, 2000), and is guided by visual
and haptic input which provide information about an object’s properties such as the object’s size (Corbetta & Snapp-Childs,
2009; Corbetta et al., 2000; Fagard, 2000; Fagard & Jacquet, 1996; Fagard & Pezé, 1997), number of objects (Fagard &
Lockman, 2005) and how well the object is supported (Bresson, Maury, Pieraut-Le Bonniec, & de Schonnen, 1977) (see Table 2
for further information). However, this ability to discriminatively use one or two hands to reach is not always consistent
(Corbetta & Thelen, 1996; Goldﬁeld & Michel, 1986) and can be inﬂuenced by other constraints such as the development of a
new motor skill (e.g. learning to walk) which can temporarily result in a return to two-handed reaching (Corbetta & Bojczyk,
2002).
4.1.2. Bimanual holding
Evidence indicates that, similar to reaching, it is not until 8 months that improved postural and motor abilities allows
discriminant use of either one or two hands to grasp objects (Corbetta & Snapp-Childs, 2009; Corbetta et al., 2000; Fagard &
Jacquet, 1996); although some suggest that this occurs earlier (Newell, Scully, McDonald, & Baillargeon, 1989). Using two
hands allows objects to be held steadily, allows large objects to be held more successfully, and allows for further (bimanual)
manipulations on the object (Fagard & Jacquet, 1996; Fagard & Lockman, 2005; Karniol, 1989; Pierce, Munier, & Myers,
2009).
4.1.3. Transferring toys
Transferring objects from hand to hand can be seen as early as 4–6 months (Karniol, 1989; Pierce et al., 2009); although it
is not until 8–9 months that this becomes more ﬂuent, occurring without an extended period when both hands hold the
object (Karniol, 1989; Ruff, 1984).
4.1.4. Turning/rotating toys
Another form of bimanual manipulation used by children 8–18 months to explore toys is by turning or rotating them
(Kopp, 1976; Ruff, 1984). Children between 6 and 9 months usually rotate toys using one hand by circling the wrist. However
by 12 months, rotation of toys predominantly involves both hands and is evidence of greater independence and coordination
between the two hands (Ruff, 1984).
4.1.5. Symmetrical actions
These actions occur during bimanual activity when the two hands perform similar movements either simultaneously or
alternately (Kimmerle, Ferre, Kotwica, & Michel, 2010). Children at 6–8 months can combine two objects (blocks) together at
midline (McCall, 1974; Ramsay, 1985); and at 8–9 months can bang two objects simultaneously on the ﬂoor (McCall, 1974).
By 7–8 months, play with a single toy involves symmetrical actions such as squeezing or ripping, while toys with multiple
parts are pulled apart or pushed together (Fagard & Jacquet, 1989; Karniol, 1989; Kimmerle et al., 2010; Pierce et al., 2009).
More difﬁcult symmetrical tasks such as bimanual drumming which involves mastery of symmetrical movements using
sticks on a surface are not consistently observed until 18 months (Brakke, Fragaszy, Simpson, Hoy, & Cummins-Sebree,
2007). The ability to perform symmetrical movements precedes performance of asymmetrical movements (Fagard &
Jacquet, 1989), although this is dependent on the difﬁculty of the activity (Brakke et al., 2007).
4.1.6. Asymmetrical actions
Role differentiated bimanual movements occur when the two hands perform different but complementary actions on one
or more objects (Fagard, 1998; Kimmerle, Mick, & Michel, 1995; Kimmerle et al., 2010; Ramsay & Weber, 1986). Simple role
differentiated movements, such as when one hand holds or stabilises a toy while the other hand performs a manipulation,
can be seen as young as 7 months (Kimmerle et al., 1995, 2010). However, these early actions are likely to be brief, infrequent
and they occur irrespective of the toy’s properties (Kimmerle et al., 2010). More complex manipulations, where both hands
play an active role using complementary and either sequential or simultaneous movements, begin to occur between 8 and 10
months and demonstrate the emergence of increased independence between the two hands allowing more ﬂexible arm use
(Bojczyk & Corbetta, 2004; Fagard, 1998; Karniol, 1989; Kimmerle et al., 2010). Success at sequential bimanual
manipulations, such as pulling a string to gain a toy that is attached, occurs before success at manipulations which require
simultaneous and complementary bimanual hand actions such as removing an object inside another. Initial success at
complementary, simultaneous tasks may use inefﬁcient, unexpected and non-reproducible manipulations (Bruner, 1970;
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Table 2
Evidence for speciﬁc toy properties that provoke bimanual task performance.
Toy properties

Evidence

Size

At 8–9 months infants can discriminatively use two hands to reach for (Corbetta et al., 2000; Fagard &
Jacquet, 1996; Fagard & Pezé, 1997) and grasp (Corbetta & Snapp-Childs, 2009; Corbetta et al., 2000;
Fagard, 2000; Fagard & Pezé, 1997; Palmer, 1989) large as compared to small objects. Successful grasping
of larger objects by using two hands remains contingent throughout infancy (Corbetta et al., 2000; Pierce
et al., 2009). Small objects are more likely to be transferred than large objects (Palmer, 1989)
Young children are more likely to pick up heavy objects using two hands (Corbetta & Thelen, 1996) but are
less likely to transfer heavy objects as compared to light (Palmer, 1989)
Discrimination of texture often involves role differentiated bimanual play with one hand stabilising the
object and the other hand using ﬁngering movements over the surface of the object (Palmer, 1989; Ruff,
1984). Transferring of textured objects is more likely than smooth objects for infants 6–12 months as it
allows for tactile contact on all sides (Palmer, 1989; Ruff et al., 1992)
Between 6 and 12 months infants respond to toys producing sound by an increase in (unimanual) waving
and shaking mixed with bouts of transferring and manipulating (McCall, 1974; Palmer, 1989)
Objects that are supported on a stable surface are more likely to be grasped using one hand rather than two
(Bresson et al., 1977)
At 7–8 months infants can take possession of two objects handed to them sequentially by holding one toy
in each hand; although this is not well established until 11 months (Bruner, 1973; Kotwica et al., 2008).
Once grasped two objects can be played with using symmetrical movements such as banging them
together in midline or on a surface (Brakke et al., 2007; McCall, 1974; Ramsay, 1985). Management of
multiple objects requiring the child to ‘‘store’’ additional toys is achieved between 11 and 13 months
(Bruner, 1973; Kotwica et al., 2008). When two or more toys are presented in front of the child,
simultaneous bimanual reaching for objects is seen initially at 7–8 months; although it is not until 12
months that it becomes a frequent response (Fagard & Jacquet, 1989). Two toys also offer opportunities for
sequential asymmetric coordinated play, such as lifting a cup and then gaining a toy underneath (Fagard,
1998; Karniol, 1989) as well as simultaneous asymmetric coordinated play, such as lifting the lid of a box
(which must be maintained open) to gain a toy (Bruner, 1970; Fagard & Pezé, 1997; Ramsay & Weber,
1986). Visibility of the second toy assists this process (Bojczyk & Corbetta, 2004)
Objects with two or more parts afford opportunities for bimanual exploration. They may be pulled apart or
pushed together (Fagard & Jacquet, 1989; Karniol, 1989; Pierce et al., 2009); or one part may be removed
from the other or inserted into the other (Fagard, 1998; Kimmerle et al., 2010). Grasping strategies are
more likely to be bimanual when there two objects (one is inside the other) are presented, rather than a
homogenous single item (Fagard & Lockman, 2010). Duration of play using role differentiated movements
is longer with two part toys (Kimmerle et al., 2010)
Toys with moveable parts encourage bimanual exploration using role differentiated movements
(Kimmerle et al., 1995, 2010) as well as transferring and turning and rotating (Palmer, 1989; Ruff, 1984).
From 13 months young children play with hinged containers by opening and shutting them (Pierce et al.,
2009)
From 7 months, toys with multidimensional surfaces can provide opportunities for simple role
differentiated bimanual movements (Kimmerle et al., 2010). For example, a toy with holes allows small
ﬁngers to slip into them. Shape has also been shown to increase the amount of ﬁngering actions on toys;
and changes in shape also increased transferring and rotating action (Ruff, 1984)
Changes in colour were shown to increase bimanual manipulative actions such as ﬁngering (Palmer, 1989)
Toys that can be compressed or elongated offer opportunities to be pulled apart or squeezed with both
hands using symmetrical bimanual actions (Karniol, 1989; Palmer, 1989; Ruff, 1984). Elastic toys are more
likely to be manipulated and explored using both hands (McCall, 1974)

Weight
Texture

Sound production
Stability of the object
Number of objects

Objects with a number
of components

Objects with moveable parts

Shape

Colour
Elasticity

Fagard, 1998; Fagard & Pezé, 1997; Ramsay & Weber, 1986). While success at completing simple role differentiated bimanual
movements can be seen as early as 7 months, success with skilled asymmetric bimanual activity depends on the difﬁculty of
the task and continues to emerge throughout life (Fagard, 1998; Kimmerle et al., 2010).
4.2. Child–task relationship
To understand the child–task relationship we sought evidence about the perceptual and cognitive inﬂuences that allow
young children to recognise that successful play with toys requires two hands. Perception and cognition are closely linked
and refer to the processes of registering, processing and interpreting information. Perception and cognition provide the basis
for understanding objects in our environment and for informing choices about which motor actions to take to achieve a
desired goal (Adolph & Joh, 2007; Bertenthal, 1996; Bushnell & Boudreau, 1998). Evidence was found for six different
perceptual and cognitive aspects that trigger the recognition that two hands are required to complete a bimanual play task
(see Table 1).
4.2.1. Perceptual processes
The two primary sensory systems used by young children to obtain information about an object’s properties are the visual
and the haptic system. By seeing, touching and then manipulating objects, young children discover information about an
object’s physical characteristics and use this acquired knowledge to plan further or future actions (Corbetta & Snapp-Childs,
2009). For example, young children use visual guidance and haptic feedback at 8–9 months of age when they begin to adapt
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their reaching and grasping patterns according to the size of a toy; choosing bimanual responses for larger toys and
unimanual responses for smaller toys (Corbetta et al., 2000; Fagard & Jacquet, 1996; Fagard & Marks, 2000; Fagard & Pezé,
1997). This ability to match reaching and grasping responses to the ‘‘seen’’ and ‘‘felt’’ properties of objects requires a level of
motor maturity that allows appropriate one or two handed responses (Corbetta & Snapp-Childs, 2009; Corbetta et al., 2000).
How young children respond bimanually to other object properties is discussed more fully in the next section.
4.2.2. Cognitive strategies for using two hands
From 8 months of age children can intentionally combine and recombine different actions using means-end strategies to
achieve a particular goal (Piaget, 1952). Initially this is with one hand, for example pushing a button to make a noise. However
the development of increasingly individualised hand use from 8 to 10 months enables the achievement of more complex
bimanual means-end tasks incorporating both hands such as lifting the lid of a box with one hand while retrieving the toy with
the other (Bojczyk & Corbetta, 2004; Bruner, 1970; Fagard, 1998; Kimmerle et al., 2010; Piaget, 1952; Ramsay & Weber, 1986).
4.2.3. Understanding the relationships between and within objects
Two objects can trigger bimanual hand use. At 9 months, children can relate two objects simply by using inappropriate or
non-intended play actions such as banging a spoon against a book. By 10–11 months, children perform functional relational
play when they bring together objects using appropriate socio-cultural strategies such as placing a spoon in a cup (Belsky &
Most, 1981; Fenson, Kagan, Kearsley, & Zelazo, 1976). Toys with two or more parts often need both hands to complete an
action on them as well as requiring understanding of the relationships within an object. Removing actions, for example
taking an object out of a small box, can be ﬁrst observed at 6–7 months but are not well established until 10–11 months.
Inserting one object into another can be ﬁrst observed at 9 months, but is not common until 13 months (Fagard, 1998;
Kimmerle et al., 2010; Pierce et al., 2009).
4.2.4. Novelty, attention and motivation
An important feature of toys is that the child wants to play with them. Children between 5 and 12 months are more likely
to look at and manipulate novel toys than toys with which they have become familiar. Interest and attention in a toy results
in visually directed bimanual strategies such as ﬁngering, transferring the object and turning the object around or rotating it
(McCall, 1974; Ruff, 1984; Ruff, Saltarelli, Capozzoli, & Dubiner, 1992).
4.2.5. Toy and task complexity
Children from 10 months respond with increased role differentiated bimanual behaviours to more complex toys such as
those with two components or which have multiple features. They are less interested in simple, single toys and they reduce
the frequency and duration of manual activity with these toys (Kimmerle et al., 2010; Pierce et al., 2009). However, the
complexity of the toy and the number of steps required to perform the task affects success at achieving bimanual means-end
strategies. Children at 10 months can perform simple one step actions involving bimanual coordination such as holding a
tube and pulling out a protruding toy (Fagard, 1998); but it is not until 17 months that they can complete a task with multiple
steps and changes of orientation such as standing a bottle upright to place marbles inside (Esseily, Nadel, & Fagard, 2010).
4.2.6. Imitation and task exposure
A young child’s competence at bimanual means-end tasks can be inﬂuenced by imitation and task exposure. Success and
new strategies are more likely seen in children from 10 months when the desired bimanual action is modelled by an adult.
Children between 14 and 18 months are more likely to actively seek help from the adult (Esseily et al., 2010; Fagard &
Lockman, 2010; Goubet, Rochat, Maire-Leblond, & Poss, 2006). Exposure to complex bimanual tasks has also been shown to
inﬂuence the age at which children succeed. Children as young as 8–9 months can ﬁnd successful asymmetric and
simultaneous solutions if repeated exposure to the toy is provided (Bojczyk & Corbetta, 2004).
4.3. Toy–task relationship
To understand the toy–task relationship we sought evidence of whether the physical properties of a toy could provoke a
bimanual play response in young children. Objects can be characterised by the different properties they possess. These
different characteristics inﬂuence how they are perceived and acted upon (Ruff, 1980). A young child’s response to a toy
however is not inherent to the characteristics of the toy; the toys properties are only a potential for action (or affordance) and
are also dependent on the child’s motor and perceptual/cognitive capabilities at the time (Gibson, 1988; Karniol, 1989). Table
2 provides a summary of evidence for 11 different toy properties that provoke a range of bimanual actions in children 8–18
months. These include size, weight, texture, sound production, stability, number of objects, objects consisting of a number of
parts, objects with moveable parts, shape, colour and elasticity.
4.4. Possible toys
Research investigating each of the different relationships, the child–toy relationship, the child–task relationship and the
toy–task relationship, provided important information about why a young child may play with a toy in a certain way. The
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ﬁnal step for this study was to integrate information from the three identiﬁed relationships to guide toy selection. In Table 3
we have explicated the relationship between each dimension of the model and provided resultant example toys that can be
tested for their applicability in a Mini-AHA play session for children 8–18 months of age. For example, to encourage reaching
for a toy with both hands (bimanual action), research indicates that using large or heavy toys (toy property) will assist the
Table 3
Explication of the connection between the three relationships identiﬁed by the model and resultant example toys for observation of bimanual performance
in children 8–18 months.
Child–toy relationship:
bimanual actions

Child–task relationship:
cognitive and perceptual
requirements

Toy–task relationship:
toy property

Example toys for use in
Baby-AHA assessment

Bimanual reaching

The toy is too big to picked up
with by one hand
The toy is too heavy to be picked
up by one hand

Large toys

Large ball, large rattle

Heavy toys

Weighted rattles

The toy has parts that can be
grasped with two hands
The toy is too large to be held
with one hand
The toy is too awkward to be
held with one hand
The toy requires two hands to
stabilise it

Toys with two or more thin handles
that can be grasped
Large toys that are light enough for
infants to hold
Toys with shapes that are awkward

Two handled rattles, thin handled
circle rattles
Large lightweight ball

Interesting and novel toys that
encourage exploratory
manipulative behaviours

Toys of different shapes and
conﬁgurations that are new to the
infants
Toys of different textures

Bimanual holding

Transferring

Turning/rotating

Interesting and novel toys that
encourage exploratory
manipulative behaviours

Fluid or non-rigid toys

Toys of different shapes and
conﬁgurations that are new to the
infant
Toys of different textures
Toys that make a sound when you
move them

Toy telephone that is difﬁcult to
hold with one hand
A string of beads, slinky

Toy telephone with dial for
turning
Soft plastic toys with ridges or
projections
Toy telephone with dial for
turning,
Soft plastic toy with ridges or
projections
Small ball with bell inside

The toy comprises two or more
parts that can be pulled apart or
pushed together using two
hands
That a single toy has parts that
can be moved if held with two
hands and pulled open/pushed
shut
That the toy is elastic and can be
pulled apart using both hands

Toys with two or more parts

Building blocks that are connected
such as Duplo or pull apart toys

Hinged toys which require two
hands to open them

A box with hinged lid, a book, a
hinged play phone

Elastic toys that can be stretched
through a large range

A slinky or springy tinsel

Symmetrical actions –
banging together/
banging against table

That there are two toys that can
be related together or against a
surface

Two toys

Two small light weight rattles, two
small maracas
A lightweight toy cup and spoon

Symmetrical movements –
squeezing

That the toy is large (so that it
needs to be held with two hands)
but squeezable

Large toys
Toys that have an elastic/ﬂexible
quality

A squeeze ball, a soft plastic toy
that can be squeezed

Simple asymmetrical
actions

That the object needs to be
stabilised with one hand in order
to be explored with actions such
as ﬁngering or manipulating
with the other hand
More complex toys that are
interesting and motivating

Toys with moveable parts

Infant rattles with beads that can
be moved, plastic rattles that have
parts that can be moved

Tactile toys with different textured
surfaces that can be ﬁngered. Toys
with holes that ﬁngers can slip into.
Toys of different colours
Toys that have buttons that can be
pressed which produce a sound

A soft plastic toy with projections/
ridges, a dial phone, a multicoloured rattle with a bell inside
that can be poked
A press button toy phone with
sounds, a rattle with a squeaker to
press

Symmetrical actions
(pulling apart/
pushing together)

That manipulating a part of the
toy will produce a sound.
However, the object needs to be
held stable to activate the sound

Toys that are small enough and
light enough for infants to hold in
each hand
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Table 3 (Continued )
Child–toy relationship:
bimanual actions

Child–task relationship:
cognitive and perceptual
requirements

Toy–task relationship:
toy property

Example toys for use in
Baby-AHA assessment

Complex bimanual
actions

That the toy is composed of parts
that can be taken out or inserted
using means-end behaviours.
However one part requires
stabilisation using one hand
while the other part is acted
upon by the second hand
Two toys which culturally are
usually used in combination

Toys that are composed of two
parts which are small or ﬂexible so
that two hands can grasp them.
One part is pulled out of or can be
inserted into the other part

A peg inside a small cube, a toy
inside a wooden block, a toy inside
a plastic tube, a small doll inside a
box

The two toys can be related
together and are small enough for
infants to handle
Two toys with one placed under
another toy. Visibility of both toys
is preferable

A lightweight toy cup and spoon

That the toy is under another toy
which requires a bimanual
action to retrieve it

A toy car under a small glass

perception that two hands are required to pick it up (perceptual/cognitive inﬂuence). An example of a toy that matches this
requirement is a large plastic ball. Thus evidence from child development literature suggests that the toys provided in this
table have the potential to elicit bimanual play behaviours in children aged 8–18 months.
5. Discussion and conclusion
The ﬁndings from our literature search suggest that children aged 8–18 months use a variety of bimanual actions to
manipulate and explore toys. These actions range from simple bimanual reaching, holding toys with both hands, and
transferring or turning toys around; to increasingly complex actions such as symmetrical movements and role
differentiated bimanual play. The ﬁndings also suggest that young children in this age range can perceive different toy
properties and use means-end solutions to complete bimanual play tasks. Finally, there is evidence that speciﬁc toy
characteristics can provoke a bimanual play response. To provide guidance and structure for the literature search we used a
conceptual model based on perception–action theory and object use by young children to consider three relationships that
exist between the child, the toy and the task which inﬂuence bimanual performance. By reviewing and organising the
evidence for each of the identiﬁed relationships, we could then integrate the retrieved information and formulate a list of
possible toys for use with children with unilateral CP in a Mini-AHA play session. In this manner, evidence from child
development research was used to select toys for a possible test situation that allows observation and scoring of how young
children use their two hands together.
Developmental inﬂuences play a role in determining bimanual performance for children between 8 and 18 months.
Simple bimanual actions such as bimanual holding, transferring, symmetrical actions and simple asymmetric actions are
available to children under 12 months; but more complex asymmetric role differentiated movements are not performed
until the child is around 12 months of age. In addition, perceptual and cognitive development suggests that until children are
10–12 months of age they may not be able to perform more complex bimanual means-end tasks such as withdrawing and
inserting actions using toys with multiple components. The conﬁguration and complexity of the toy may interfere with task
completion when the young child has not seen or experienced some of the toy possibilities. Importantly, the evidence
suggests that bimanual use and success may increase if the child is shown how the toy works. This strategy is more likely to
be successful in children from 10 months of age when a child’s cognitive capacity allows learning of a new skill through
observation (Esseily et al., 2010).
Young children with unilateral CP use their affected hand with varying levels of skill when handling toys that require twohanded use; therefore assessment of their upper limb abilities needs to include speciﬁc tests measuring this behaviour.
Assessment of bimanual hand function is also essential because everyday tasks commonly require the use of both hands
together. Tests that evaluate typically developing upper limb skills of children in this age group, such as the Peabody
Developmental Motor Scales-2 (Folio & Fewell, 2000), can successfully be completed using one hand, and so do not evaluate
the bimanual skills of children with unilateral CP.
A potential limitation to the consideration of toy selection was that only four data bases were searched. Therefore,
evidence for each of the three relationships, and thus possible indicators for toy selection, may have been missed. However,
searching reference lists of retrieved articles assisted in identifying additional relevant literature. Another possible limitation
was the methods used to measure the quality of the retrieved evidence. Speciﬁc criteria identiﬁed as being of importance in
psychological research, as well as criteria for qualitative designs were used. However, the criteria used in this review have
not been appraised for their own internal validity.
To be a valid test of bimanual performance, toys chosen for a test situation need to provoke bimanual activity. In this
study, we have used evidence from child development research to formulate a list of possible toys. However, the review
highlighted that evidence for bimanual performance is built on an overall body of literature that includes (relatively) few
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children and which has investigated this topic using a variety of research designs and intent. Future studies that involve
systematic data collection and analysis of bimanual hand use may ﬁll an important gap in child development literature.
We also found no evidence related to the bimanual performance of infants 8–18 months with unilateral CP when
handling play objects. This gap in knowledge may affect the ability of the conceptual model to effectively guide the selection
of toys for use in the Mini-AHA play session. Depending on the severity of impairment, children with this condition may or
may not be able to perform some of the bimanual actions. Toy properties may not trigger the same recognition that two
hands are required. Future testing of the toys selected within the review with typically developing young children is needed
to evaluate what is possible for children in this age range. However, we must also test the toys with young children with
unilateral CP to evaluate their effectiveness when motor and perceptual/cognitive capabilities are likely to be different. This
next step is important to provide content related evidence that the Mini-AHA play session can be used to observe and
evaluate the abilities of the affected hand during bimanual play performance in young children 8–18 months with unilateral
cerebral palsy.
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CHAPTER SIX: DEVELOPMENT OF THE MINI-ASSISTING HAND
ASSESSMENT: VALIDATION OF THE PLAY SESSION AND ITEM
GENERATION
6.1 Introduction
The goals of the study reported in this chapter were to investigate construct
validity of the Mini-AHA play session to provoke bimanual responses, and to provide
initial evidence for content validity of the Mini-AHA test items. Establishing validity is
an important consideration when developing and evaluating tests. Validity refers to the
degree to which evidence and theory support interpretation of test scores for the proposed
purposes of the test (American Educational Research Association, American
Psychological Association, National Council on Measurement in Education [AERA,
APA & NCME], 1999).
Evidence to support the construct and content validity of the Mini-AHA play
session was reported in an article that has been submitted for publication to the journal
Developmental Medicine and Child Neurology. The article is currently under review.
The manuscript is placed at the end of the chapter.
6.1.3 Study Three
Greaves, S., Imms, C., Dodd, K., & Krumlinde-Sundholm, L. (submitted). Development
of the Mini-Assisting Hand Assessment: Validation of the play session and item
generation. Developmental Medicine and Child Neurology.
In this chapter are also details about the methods used to recruit the target
populations for this body of research. Some, but not all of the children recruited to this
body of research were included in the study reported within this chapter. Further details
and justification of the methodology used to evaluate the construct validity of the Mini-
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AHA play session and content validity of the Mini-AHA test items are also reported in
this chapter. Results from the evaluation of the construct validity of the play session and
the content validity of the test items are fully reported in the article.
6.2 Identifying and Recruiting from the Target Population
6.2.1 Ethical Approval for the Research Program
Recruitment of young children to develop the Mini-Assisting Hand Assessment
received ethical approval from the Human Research Ethics committees of La Trobe
University (ethics approval number 08-137) and the Royal Children’s Hospital,
Melbourne (ethics approval number 28112 A) in 2008/09. Two further modifications to
the original application were sought to increase the number of younger children with
typical development (TD) recruited to the study, to include data from another Royal
Children’s Hospital study that had evaluated young children at risk of developing
unilateral cerebral palsy (CP), and to extend the recruitment date. These modifications
were approved in May and December 2010. Copies of ethics approval from the Royal
Children’ Hospital and La Trobe University and the approvals for modification are
provided in Appendix B: Ethics approvals. This study complied with all ethical
requirements and no adverse events were recorded.
Two groups of participants were recruited to this body of research to assist in
various aspects of test development of the Mini-AHA. The parents of all participants
provided informed written consent for their child to take part in the research and for
publication of the results. Copies of the Parent Information and Consent Form for
children with TD and for children with unilateral CP who were recruited to the study are
provided in Appendix C: Parent Information and Consent Forms.
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6.2.2 Group One: Children with Clinical Signs of Unilateral CP Aged 8-18 months
The first group of participants, and the target group for this assessment, were
children with clinical signs of unilateral CP aged 8-18 months. Clinical signs of
unilateral CP included abnormal muscle tone, increased unilateral reflexes, abnormal
postures and asymmetrical limb use (Bouza, Rutherford, Acolet, Pennock, & Dubowitz,
1994). Prospective recruitment of children to the research program was through medical
practitioners associated with the Royal Children’s Hospital in Melbourne, Victoria.
Medical practitioners from a range of clinical departments including developmental
medicine, neurology, neonatology and general paediatrics were provided with
information about the study and asked to consider children who satisfied the study
inclusion criteria. That is, the child was: (a) aged between 8-18 months (corrected for
prematurity), and (b) had clinical signs of unilateral CP (see Appendix D: Information
provided to medical practitioners). If the child met the inclusion criteria, parents were
provided with information about the study through a Parent Information Flyer (see
Appendix E: Parent information flyer for prospective recruitment). Children remained in
the study if their medical practitioner confirmed their presentation was still consistent
with clinical signs of unilateral CP at 18 months of age (completion of the child’s
participation in the study).
Retrospective recruitment of children to the research program occurred if children
with clinical signs of unilateral CP had recently completed an occupational therapy
assessment at the Royal Children’s Hospital which included a video recorded play
session whereby two handed play with toys was encouraged. Children were eligible if
they were aged between 8-18 months at the time of the assessment. Scrutiny of the
video-recording determined whether the Mini-AHA test items could be scored from the
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available video footage. If appropriate video data were available, the child’s medical
practitioner was contacted and information provided to the family inviting them to
participate in the study (see Appendix E: Parent information flyer for retrospective
recruitment).
Eighty-nine children with clinical signs of unilateral CP were recruited to the
overall research program. Three children did not remain in the study. Two children
developed further signs of bilateral (and not unilateral) impairment, and one child whose
initial mild clinical signs of unilateral impairment did not continue. After removal of
these three children, a total of 86 children remained in the research program. In the study
reported in this chapter, 30 children with unilateral CP were selected from the larger
sample of 86 children. Selection of these 30 children aimed to ensure that a range of
ages and severity levels were included in order to test the identified hypotheses of the
study.
6.2.3 Group Two: Children with Typical Development Aged 8-18 months
The second group of participants were 40 children with typical development.
These children were recruited by convenience through local mothers’ groups and word of
mouth. To recruit families, information about the study was provided in a parent
information flyer (see Appendix E: Parent information flyers) and given to families and
friends of the researchers. Children were included in this sample if they were aged
between 8-18 months, were born at term (≥ 37 weeks’ gestation), had an uneventful birth
and had no history of developmental delay or neurological insult.
6.3 Data Collection for the Research Program
All children who were recruited prospectively (both children with unilateral CP
and children with TD) participated in a Mini-AHA play session. Some children with
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unilateral CP also participated in additional testing sessions, spaced at least three months
apart. This was dependent on the age of the child at recruitment, proximity to the
hospital, and parent consent for further evaluation. Additional play sessions aimed to
increase the number of assessments available for analysis.
The play sessions typically lasted between 15-20 minutes. Children were seated
either in a high chair at a table, or in a small chair and table on the ground. Parents sat
next to their child. Toys from six different toy categories were presented to the child.
An example of one toy from each of these categories has been provided in Appendix F:
Examples of toys. The toys were usually presented on the table surface in midline, but
also to the side and some distance from the child. This presentation allowed observation
of the different object related hand actions that were scored by the Mini-AHA test items.
Toys were provided to each child until either the desired bimanual actions were elicited
or the child was deemed unable to perform the action. The play sessions for each child
were video recorded.
Children who were recruited retrospectively did not participate in a Mini-AHA
play session. Their previously recorded occupational therapy play session was viewed
and suitability for scoring the Mini-AHA test items was determined. The play sessions
were deemed suitable if it was possible to score all of the assisting hand actions that are
assessed by the Mini-AHA test items. If the recorded play session was suitable, then the
data remained in the study.
All suitable video-recorded play sessions of 40 children with TD and 86 children
with unilateral CP were scored against the 22 Mini-AHA items. The most common
behaviour was scored at one of the four criterion-referenced levels. Additionally, if
observations were made of occasional performance at other score levels, this was
indicated on the score sheet by an ‘x’.
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In the study reported in this chapter, additional data were also collected from the
video-recordings of the 40 children with TD and 30 children with unilateral CP of
varying ages and ability levels. This data included: (a) interest in the toy; (b) whether the
child played with the toy using only one hand; and (c) if they used two hands to play with
the toy, which of six identified bimanual behaviours were observed. Operational
definitions for these behaviours can be found in Appendix G.
6.4 Examining Construct Validity of the Mini-AHA Play Session.
Construct validity refers to how well an instrument can measure an abstract
concept (or construct), and whether the measurement procedures measure what they are
intended to measure (Portney & Watkins, 2000). Construct validity evaluates both
theory about the construct and evidence that the construct is being measured, at the same
time (Streiner & Norman, 2003).
A detailed theoretical background for the Mini-AHA has previously been
provided in section 4.2. The construct the Mini-AHA aims to measure is how well the
affected hand is used as an assisting hand during bimanual play performance in children
8-18 months with unilateral CP. This construct is based on the concept that children with
unilateral CP do not use their two hands during bimanual play in the same way as
children with TD. Rather, they predominantly use their affected hand as an assisting
hand during two handed play. Initial evidence that this construct could be measured in
children from 8 months of age was provided by detailing the development of bimanual
performance in children with TD aged 8-18 months (section 4.2). This evidence
suggested that children in this age range are able to complete a range of bimanual actions
when playing with toys and that they can recognise that toys may require both hands to
play. It was also proposed that these actions were likely to be affected by the presence of
a unilateral impairment. Evidence that carefully selected toys provided in a play session
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were likely to provoke a bimanual response was provided in a study that examined three
relationships that determine bimanual performance (Greaves, Imms, KrumlindeSundholm, Dodd & Eliasson, 2012). However, up to this point, all of the evidence has
been theoretical. These proposals had not been formally tested. Also, evidence was
wholly based on child development literature describing children with TD as there was
no literature available for young children with unilateral CP. Empirical evidence was
required that the Mini-AHA play session could provoke a range of bimanual actions, and
that the play session could discriminatively provoke different responses from young
children with TD and children with unilateral CP.
Construct validity should be assessed by testing predefined hypotheses to reduce
the risk of bias (Terwee et al., 2007). In examining the construct validity of the play
session to measure bimanual performance, four a priori hypotheses were formulated:
1. That the children with TD would use bimanual play actions to handle the toys
≥ 95% of the time. This would provide evidence that if it was possible to use
both hands, the toys should provoke two handed play.
2. That the toys would elicit the full variety of bimanual play actions seen in
children with TD throughout the age range of 8-18 months. If so, this would
provide evidence that the selected toys would enable the scoring of all possible
actions and not a limited range of actions.
3. That there would be a negative relationship between severity of impairment
and frequency of playing with the toys using two hands. This would provide
evidence that bimanual play actions of children with unilateral CP of different
levels of ability could be evaluated through use of the selected toys.
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4. That children with TD and children with unilateral CP would use different
bimanual actions to handle toys. This would provide further evidence that the
Mini-AHA test items would measure different bimanual hand skills used by
children with unilateral CP than those used by children with TD.
Results of analyses evaluating evidence for these four hypotheses can be found in
the paper included in this chapter: Development of The Mini-Assisting Hand
Assessment: Validation of the Play Session and Item Generation (Greaves, Imms, Dodd,
& Krumlinde-Sundholm, 2011, submitted).
6.5 Providing Evidence for Content Validity of the Mini-AHA Test Items
Content validity refers to the extent to which the concepts of interest are
comprehensively represented by the items in a measurement tool (Terwee et al., 2007).
Evidence for content validity is based on whether all items in the test represent the
construct and whether all aspects of the construct are targeted in the items (AERA et al.,
1999). Adequate evidence should be provided during test development and include the
following aspects: (a) measurement aim of the test and identification of the concepts that
are intended to be measured, (b) information about the target population and, (c) methods
for item selection and item reduction (Terwee et al., 2007).
Evidence for content validity should begin with a clear definition of the concepts
that are measured by the test and the intended purposes of the test. These are important
starting points to judge the suitability of the items for their intended purposes and
because different items may be valid for different aims (Portney & Watkins, 2000;
Terwee, et al., 2007). The concept (construct) that is measured by the Mini-AHA has
been described in section 6.4 of this chapter. That is, the Mini-AHA aims to measure
how well the assisting hand is used by children with unilateral CP aged 8-18 months
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during bimanual task performance. The purposes for which the Mini-AHA is intended
have also been previously stated in section 4.2.3, indicating that the Mini-AHA is
intended to be a descriptive/discriminative and evaluative test. To fulfil these purposes,
test items were required that could describe a child’s current use of their affected
arm/hand during bimanual performance, that could discriminate between children of
different levels of ability and which would likely be sensitive to change over time or
following an intervention.
In addition to measurement aims and concepts, information about the target
population is required to enable judgement of the relevance and comprehensiveness of
the items for that population (Terwee et al., 2007). The target population, children with
clinical signs of unilateral CP aged between 8-18 months, has been described in detail in
section 6.2. Test development should also include evaluating the test items using the
target population during item selection and reduction processes (Terwee, et al., 2007;
Streiner & Norman, 2003). Using the target population for item and selection and
reduction purposes is described in the next chapter.
Finally, evidence for content validity of a measurement tool should detail the
methods used for item selection and item reduction. In this study an iterative process
involving three different methods to develop the Mini-AHA test items was used.
6.5.1 Method One: Evaluating Suitability of the AHA Test Items
The first method used to select items involved evaluation of the suitability of the
current AHA version 4.4 test items (Krumlinde-Sundholm, Holmefur, & Eliasson, 2007).
Development of the 22 AHA test items has been previously described in section 3.3.2.
Item generation was an extensive process that initially included examination of the
assisting hand actions of 15 children aged 18 months to five years with unilateral
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impairment and five children with TD. Observation of these actions helped determine
the 22 object related hand actions of the assisting hand measured by the AHA
(Krumlinde-Sundholm & Eliasson, 2003). The validity of these test items to measure
assisting hand performance has been comprehensively evaluated (Krumlinde- Sundholm
& Eliasson, 2003; Krumlinde-Sundholm, Holmefur, Kottorp, & Eliasson, 2007).
It was possible that the assisting hand actions observed in the AHA may also be
observed in younger children with unilateral CP. To determine suitability of the current
AHA (version 4.4) test items for younger children, two of the test developers who were
experienced AHA raters (SG & LK-S) evaluated the video-recordings of the 30 children
with unilateral CP against the 22 AHA test items.
Each of the 22 AHA test items has a short introduction followed by four criterionreferenced categories (levels) that hierarchically rates the quality of assisting hand
performance. While criteria-specific wording is used for each item, in general, level 4
indicates effective assisting hand use, level 3 indicates somewhat effective, level 2
indicates ineffective, and level 1 indicates the child does not perform the action. Three
criteria were used by the two test developers (SG and LK-S) to assess the suitability of
the AHA test items:
(1) Suitable: no changes were required. The described behaviours in the test
items were observed, found to be relevant and able to be scored according to the
AHA Version 4.4 criteria. The conceptual meaning of the item and the hierarchy
of the categories (levels 1 to 4) in the test item remained the same.
(2) Suitable after adaptation: The conceptual meaning of the item was found to be
relevant but the criteria needed adaptation to reflect behaviours observed in
younger children.
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(3) Not suitable and could not be adapted: The action/behaviour would not be
possible for young children to perform, or the scoring categories did not fit
observed behaviours of young children.
6.5.2 Method Two: New Items from Child Development Literature
To create new test items for the Mini-AHA, a comprehensive literature review of
bimanual actions in children with TD aged 8-18 months undertaken earlier to develop the
toys for the Mini-AHA test kit was reviewed (Greaves et al., 2012). Evidence from the
literature review was used to identify possible bimanual actions used by children 8-18
months to handle toys. It was hypothesised that these actions would be affected by
unimanual impairment resulting in the affected hand being used in a different way to
handle toys. This different way of handling toys using the affected hand during bimanual
play could be scored by Mini-AHA test items. As no evidence for bimanual actions used
by children with unilateral CP in this age range was found by this review, literature
describing the bimanual hand use of the target population could not be used to generate
test items.
6.5.3 Method Three: Generation of New Items from Observation of the Play
Sessions
New items were also generated by observing the video recordings of the 40
young children with TD and 30 children with unilateral CP aged 8-18 months playing
with toys. Bimanual actions used by children with TD that may be affected by unilateral
impairment were documented, as well as actions of the affected hand during bimanual
play performance used by children with unilateral CP.
Using these three methods the items and the wording of the Mini-AHA test items
and the four rating categories were developed (by SG and LK-S) through an iterative
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process of assessment of suitability of AHA items, review of child development literature
and observation of the children’s videotaped performances. Finally, wording of each of
the accepted, adapted or new 22 Mini-AHA test items were scrutinised and edited (by
SG, LK-S) to ensure that the wording of each item and the scoring criteria were suitable
for younger children, and that they assessed differences in levels of ability of assisting
hand use during bimanual play rather than developmentally related differences.
The primary method for item reduction was analysis of the fit of the items to the
assumptions of a Rasch measurement model (RMM) analysis. Results from this analysis
are reported in the Chapter 7. However, in addition to the RMM analysis, clinical
reasoning was used to ensure that relevant test items were either selected or not selected
for use in the Mini-AHA. This reasoning was influenced by whether the items could be
consistently observed, and whether the item appeared to be able to distinguish important
aspects of assisting hand use that may be sensitive to change. An example of an action
that might be sensitive to change is whether the play object was grasped by the affected
hand or by the preferred hand when the affected hand was closer to the object.

6.6 Summary and Conclusions
The results of the study reported in this chapter provided evidence for the
construct validity of the Mini-AHA play session as a valid method to assess bimanual
play skills. In addition to the paper submitted for publication, the chapter also included
greater detail about recruitment from the target population for the larger body of research
and selection of the sub-sample that was included in this paper. It also included greater
detail of the methods used to collect data, and further justification of the methods used to
examine construct validity and provide evidence for content validity of the test items.
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Evidence provided in this chapter resulted in the development of 22 potential
Mini-AHA test items. Further validation of these test items and the rating scale was
required to determine if they could be used to evaluate the effectiveness of the assisting
hand during bimanual play performance in children with unilateral CP aged 8-18 months.
Validation using a Rasch measurement model analysis was the next step in this body of
research.
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ABSTRACT
AIM: The Mini-Assisting Hand Assessment (Mini-AHA) is being developed to measure the
quality of use of the affected hand in children with unilateral cerebral palsy (CP) aged 8-18
months. This study investigated construct validity of the play session to provoke bimanual
play and established a trial version of the Mini-AHA test items and scoring criteria.
METHOD: Thirty toys selected to provoke bimanual hand use in children were trialled with
a convenience sample of 40 typically developing children (22 males, 18 females) and 30
children with clinical signs of unilateral CP of varying severity (17 males, 13 females) aged
8-18 months. Frequency and range of bimanual play actions were recorded. The play
sessions were analysed to determine the suitability of the current AHA test items to score the
effectiveness of the affected hand during bimanual performance and/or generate new items.
RESULTS/CONCLUSION: The toys provoked bimanual play 99% of the time in children
with typical development. The ability of children with unilateral CP to play bimanually
varied according to the severity of the child’s disabilities (p<0.001). Twenty-two Mini-AHA
test items were identified. This study provides empirical support for the validity of the play
session. Validation of the Mini-AHA scale is now required.

What this paper adds:
 The Mini-AHA play session provides a valid performance-based play session for
observing the actions of the assisting hand of children with unilateral CP aged 8-18
months
 The Mini-AHA play session discriminates different hand-related abilities for children
with unilateral CP
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DEVELOPMENT OF THE MINI-ASSISTING HAND ASSESSMENT:
VALIDATION OF THE PLAY SESSION AND ITEM GENERATION.

Children with unilateral cerebral palsy (CP) have one well-functioning side of the body and
one side that is affected by a motor and sensory impairment1, 2. The motor and sensory
impairments associated with unilateral CP are often seen during the first year of life as a
preference for using one hand, while the other hand is used less effectively or sometimes not
at all. The impact of having one less efficient hand on the development of bimanual skills in
children with unilateral CP less than 18 months is not well understood as currently we have
no way of measuring bimanual performance in this age group3.
The Assisting Hand Assessment (AHA) measures how well the affected (or
assisting) hand is spontaneously used during bimanual task performance when children with
unilateral upper limb impairment use toys that require both hands to play with them4-7.
Currently this test is suitable for children 18 months – 12 years. If the AHA can be revised
so that it is suitable for younger children, this important aspect of hand function could be
evaluated at an earlier age. Accordingly, an adapted version of the AHA for children aged 818 months with unilateral CP called the Mini-Assisting Hand Assessment (Mini-AHA) is
now being developed. Eight months was chosen as the lower age limit as this is when
improved postural control and motor abilities result in increased independence between the
two hands allowing more flexible bimanual hand use 8,9. Additionally, cognitive and
perceptual skills at this age allow children to solve a wider variety of bimanual tasks10,11.
This study is the second in a series aimed at establishing the validity and reliability of
the Mini-AHA. In the first study, evidence from child development research informed the
selection of 30 new toys that would elicit bimanual play in younger children as the current
AHA toys are motorically and cognitively too advanced for this age group12. The aim of the
current study was to validate the Mini-AHA play session by assessing the extent to which
the selected toys could successfully provoke a range of bimanual play actions in young
children with typical development, as well as in children with clinical signs of unilateral CP
aged 8-18 months. A further aim was to create a trial version of Mini-AHA test items and
related scoring criteria by accepting, changing or rejecting original AHA items and/or
generating new test items that reflect the use of the assisting hand in this age group.
METHOD
This study received ethical approval from the Human Research Ethics committees of La
Trobe University and The Royal Children’s Hospital in Melbourne. The parents of all
participants provided informed written consent for their child to take part in the research and
for publication of the results.
Participants
Forty children with typical development (TD) and 30 children with clinical signs of
unilateral CP were recruited. Children with TD were a convenience sample recruited
through local mothers’ groups and word of mouth. Children were included if they were aged
between 8-18 months, were born at term (≥ 37 weeks’ gestation), had an uneventful birth
and there was no history of developmental delay or neurological insult.
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A subset of 30 children with signs of unilateral CP was selected from a larger sample
of 86 children who were involved in the development of the test. Children were included in
the larger sample if they were aged between 8-18 months and there were clinical signs of
unilateral CP, and remained in the sample if their medical practitioner confirmed that their
presentation was consistent with unilateral CP at 18 months of age. Clinical signs of
unilateral CP included abnormal muscle tone, increased unilateral reflexes, abnormal
postures and asymmetrical limb use13. For this study, selection of children from the larger
sample aimed to ensure that a range of ages and severity levels were included. Severity was
evaluated by assessing the child’s ability to grasp objects with their affected hand. Grasping
ability was chosen as this skill is used primarily to handle objects14,15 and it is affected to
varying degrees by the unilateral impairment16,17. Children were designated as (1) having a
limited ability if they did not spontaneously grasp or hold toys with their affected hand, or if
they tried to grasp but did not succeed, (2) having a moderate ability if they spontaneously
grasped and held toys with their affected hand, but they did so with difficulty, slowness or
awkwardness, or (3) being capable if they grasped and handled toys with their affected hand
with no or minor difficulty. Table 1 displays participant characteristics.
Please insert Table 1 about here
Procedures
Toy selection
Thirty toys selected for trial in the Mini-AHA play session12 were grouped into six different
types based on their predominant feature: (1) toys with handles to hold, (2) large toys, (3)
toys that could be pulled apart and pushed together, (4) toys with one part inserted into
another part, (5) toys with varied surfaces to explore or which produced sounds, and (6) a
pair of toys meant to be played with together. The different types of toys were expected to
provoke different bimanual actions. A variety of toys within each category was available to
increase the likelihood that at least one toy from within a category appealed to each child
according to their age, interests and prior experience.
Play session
Children were seated either in a high chair at a table, or in a small chair and table on the
ground. Toys were usually presented on the table surface in midline, but also to the side and
some distance from the child. This presentation allowed observation of the different object
related hand actions that were scored. The sessions were video recorded. Toys from each of
the six different categories were provided to each child until either the desired bimanual
actions were elicited or the child was deemed unable to perform the action.
Data collection
The data collected included frequency counts of (1) interest shown in the toys, (2) whether
the toy was played with using one or both hands, and (3) the type of bimanual actions
elicited by the toys, defined by the following six bimanual actions used by children in this
age range: reaching (using one or two hands); bimanual holding; transferring toys (either
multiple times between hands or just once from one hand to the other, with counts added to
form a total transfer score); turning/rotating toys using two hands; symmetrical bimanual
movements; and asymmetrical bimanual movements. Stabilisation of objects using the
arm/hand as a weight or support instead of grasp was an additional bimanual action that was
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expected to be observed in children with unilateral CP, and was also recorded when
observed (see Appendix 1 – supporting information published online for operational
definitions). Data were summarised in four age bands for children with TD, and by both age
bands and three ability levels for children with unilateral CP. Additionally, frequency
counts and percentages of bimanual actions provoked by different toy types were derived for
children with TD and children with unilateral CP.
Frequency counts of play actions were used to provide evidence for the construct
validity of the play session by testing the following hypotheses: (1) that the children with TD
used bimanual play actions to handle the toys ≥ 95% of the time, (2) that the toys elicited the
full variety of bimanual play actions in children with TD throughout the age range of 8-18
months, (3) that there was a negative relationship between severity of impairment and
frequency of playing with the toys using two hands, and (4) that children with TD and
children with unilateral CP use different bimanual actions to handle toys.
To determine suitability of the current AHA (version 4.4)18 test items for younger
children, two of the test developers who were experienced AHA raters (SG & LK-S)
evaluated the video-recordings of the 30 children with unilateral CP against the 22 AHA test
items. Each of the current AHA test items has a four point scale that rates the quality of
performance. While criteria-specific wording is used for each item, in general, level 4
indicates effective assisting hand use, level 3 indicates somewhat effective, level 2 indicates
ineffective, and level 1 indicates the child does not perform the action. Three criteria were
used to assess the suitability of the AHA test items: (1) Suitable: no changes were required.
The described behaviours in the test items were observed, found to be relevant and able to be
scored according to the AHA Version 4.4 criteria. The conceptual meaning of the item and
the hierarchy of the categories (levels 1 to 4) in the test item remained the same. (2) Suitable
after adaptation: The conceptual meaning of the item was found to be relevant but the
criteria needed adaptation to reflect behaviours observed in younger children. (3) Not
suitable and could not be adapted. The action/behaviour would not be possible for young
children to perform, or the scoring categories did not fit observed behaviours of young
children. New test items were generated based on the different or additional actions used by
children aged 8-18 months when using their two hands in comparison to older children. The
items and the wording of each level were developed (by SG and LK-S) through an iterative
process of revision, review of child development literature and observation of the children’s
videotaped performances.
Analyses
A chi squared analysis was used to test the hypothesis that children with TD used bimanual
rather than unimanual actions to play with the toys ≥ 95% of the time. Summary statistics
(frequency of play actions) were used to describe the extent to which the toys could elicit
different types of bimanual responses. Box and whiskers plots were used to summarise and
illustrate the total frequency of bimanual play actions for the different groups of children. A
Kruskal-Wallis ANOVA was used to test the strength of the evidence that frequency of
bimanual hand use discriminated between children of different levels of ability. If H was
significant, then three post-hoc Mann-Whitney U tests were planned using Bonferroni
adjusted alpha levels of .016 to test differences between children with limited ability and
moderate ability, children with moderate ability and children who were capable, and children
who were capable and children with TD.
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RESULTS
Effectiveness of selected toys to provoke bimanual hand use
On average, 20 toys per session were provided to children with TD, and 16 to children with
unilateral CP. Interest in playing with the toys ranged between 72-87%. Younger children
with TD and children with unilateral CP who had limited ability were least likely to be
interested, while older children with TD were the most interested (see Table 2, columns 2/3).
There was strong evidence that the frequency with which children with TD used bimanual
actions when playing with the toy was ≥ 95%: they used one or more bimanual actions to
play with the toys 99% of the time (χ2(1) = 28.64, p < 0.0001).
Please insert Table 2 about here
There was evidence that the toys elicited the full extent of bimanual actions
expected12 in children with TD across the age range of 8-18 months (see Table 2). The
frequency that different bimanual actions were elicited depended on the child’s age.
Younger children reached more frequently for toys using one hand rather than two; while for
older children this was reversed. Bimanual holding, transferring and turning/rotating toys
were the most common bimanual actions used by younger children to explore toys; while
older children more frequently completed symmetrical and asymmetrical bimanual actions
with the toys.
The ability of children with unilateral CP to play using bimanual actions varied
according to the child’s ability to grasp. Children designated as capable, used bimanual
actions most frequently, while children designated as having limited ability used the fewest
bimanual actions (see Figure 1). There was strong evidence that frequency of bimanual hand
use discriminated between children of different levels of ability (H (3) = 32.31, p <0.0001).
Post-hoc analyses found evidence for differences between children with unilateral CP who
had limited ability and children with moderate ability (z=-3.74, p<0.016), between children
with moderate ability and children who were designated as capable (z=-2.08, p<0.016), but
not between children designated as capable and children with TD (z= -0.7, p= 0.242).
Please insert Figure 1 about here
Children with CP at all ability levels used ‘stabilises by weight or support’ as one of
their bimanual actions (see Table 2 final column). This was not observed in children with
TD, they always used their hands to grasp or stabilise objects. It was the most frequent
bimanual action used by children with limited ability to grasp. All children with unilateral
CP, even those designated as capable, used fewer bimanual actions than children with TD
when handling toys (see Table 2: total frequency counts for each bimanual action). The only
bimanual action children with unilateral CP performed more frequently than children with
TD was a single transfer to/from their affected hand.
The frequency with which different bimanual actions were provoked by different toy
types indicated that when children in either group were interested in the toy, similar types of
toys usually provoked similar responses (see Table 3). For example, large toys were most
likely to provoke bimanual reaching. No particular type of toy was more likely to be played
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with using just one hand. All children were least interested in playing with toys with
handles (often simple infant rattles) and most interested in playing with more complex toys
such as a toy that could be pulled apart or pushed together.
Please insert Table 3 about here
Mini-AHA test item generation
Review of the 22 AHA version 4.4 test items found that 11 test items required no changes to
their conceptual meaning or to the category hierarchy for this younger age group (see Table
4). Four of the current AHA test items required adaptation to enable scoring of younger
children. For example, the AHA item releases focuses on where children predominantly
release the objects they are handling. However, for the Mini-AHA, this test item was not
suitable as young children often do not let go of toys once they have begun playing with
them
Please insert Table 4 about here
The remaining seven AHA items were considered motorically or cognitively
unachievable by younger children (see Table 4). Seven new test items were created for the
Mini-AHA. Four items, adapts arm position to grasp, individual finger movements,
symmetrical hand use and bimanual (asymmetric) manipulation, were derived from child
development literature as actions young children performed during bimanual play. The
remaining three items were derived from analysis of the recorded play sessions.
Finally, wording of each of the accepted, adapted or new 22 Mini-AHA test items
were scrutinised and edited (by SG, LK-S) to ensure that the wording of each item and the
scoring criteria were suitable for younger children, and that they assessed differences in
levels of ability of assisting hand use during bimanual play rather than developmentally
related differences.
DISCUSSION
This study provided evidence that the toys used in the Mini-AHA play session provoked
bimanual hand actions in children with TD. This evidence supports the assumption that any
reduced ability to use bimanual play actions observed in children with unilateral CP would
occur as a result of their impairment and not because the toys were unsuitable. The toys also
elicited the full range of bimanual actions across the age range. This is important because
the bimanual play actions should be possible for all children in the age range. Ineffective
performance should not be due to age but due to the severity of the unilateral hand
dysfunction.
There was also evidence that the Mini-AHA play session could provoke different
bimanual responses in children with unilateral CP with different levels of ability. Children
with limited ability used the fewest bimanual responses, while children designated as
‘capable’ and who could grasp objects easily with their affected hand, used bimanual play
actions when handling the toys nearly as often as children with TD. However, on the whole,
children with this condition used fewer bimanual actions when playing with toys.
One limitation of the study was that not every toy was provided to every child. This
may have affected the frequency counts of bimanual actions provoked by the toys as well as
the frequency counts evaluating the type of toy and the resultant bimanual action. However,
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the primary aim was not to produce a finite list of toys for use in the Mini-AHA play session
but to provide evidence that different types of toys could provoke different bimanual
responses across this age range. As there were likely to be individual differences in toy
preference and ability to play with the toys, a large range of toys were trialled. Clinical
judgement as well as our previous research12 was used to select toys for each child.
Evidence was found that the type of toy did effect which bimanual action was performed.
Our data also indicated that not all the toys were interesting to all children. Although it
would be possible to discard some toys from the current test kit, maintaining a variety of
toys in each toy category is required to ensure that the range of bimanual actions is elicited
and that a child’s personal preferences are catered for.
This study provided evidence for construct and content related validity of the MiniAHA play session for children with unilateral CP aged 8-18 months. The study has also
resulted in the development of 22 potential Mini-AHA test items. Further validation of these
test items and the rating scale is now required to determine if they can be used to evaluate
the effectiveness of the assisting hand during bimanual play performance in children with
unilateral CP aged 8-18 months. The Mini-AHA has the potential to be a useful assessment
that clinicians and researchers can use to measure effective use of the assisting hand during
bimanual play in an age range when there is rapid development and when the potential for
change is high.
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Table I: Demographic characteristics of the sample of 40 children with typical development and 30 children with
unilateral cerebral palsy
Children with typical development
Children with unilateral cerebral palsy
Age
Gender (number
Gender (number
Side of
Severity
(months)
of children)
of children
impairment
8-9
8F, 4M (n=12)
3F, 4M (n=7)
3L, 4R
2 capable, 2 moderate, 3 limited
10-11
4F, 5M (n=9)
6M (n=6)
4L, 2 R
2 capable, 2 moderate, 2 limited
12-14
3F, 6M (n=9)
4F, 5M (n=9)
3L, 6R
3 capable, 4 moderate, 2 limited
15-18
3F, 7M (n=11)
6F, 2M (n=8)
5L, 3R
3 capable, 2 moderate, 3 limited
Total
18F, 22M (n=40)
13F, 17M (n=30)
15L, 15R
10 capable, 10 moderate, 10 limited
F= female; M= male; R= right side impairment; L= left side impairment; capable = could not grasp or hold toys
with their affected hand, or tried to grasp but did not succeed; moderate = often spontaneously grasped and held
toys, but they did so with difficulty, slowness or awkwardness; limited = grasped and handled toys with no or
minor difficulty
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Table II: Toys provided, interest in the toy, and unimanual and bimanual play actions according to age in months for children with typical development and according to age in months and
severity for children with signs of unilateral cerebral palsy
General Information
Play actions*
Age
Number
Occasions
Occasions
Reach
Bimanual
Transfer between hands
Turning,
Symmetrical
Asymmetrical Stabilises by
(Number of
of toys
when
when played
holding
rotating
bimanual
bimanual
weight or
One
Two
Multiple
Single
children)
given
interested in
using one
toys using
movements
movements
support
handed
handed
Total
the toy
hand only
two hands
Children with typical development (by age)
8-9 months
230
165
2
126
37
115
80 (49%)
28 (17%)
83
46
64
0
(12 )
(19)**
(73%)
(1%)
(77%)
(23%)
(71%)
108 (66%)
(51%)
(28%)
(39%)
(0%)
10-11 months
184
152
2
104
46
101
47 (31%)
46 (30%)
57
81
80
0
(9)
(20)
(83%)
(1%)
(69%)
(31%)
(67%)
93 (61%)
(38%)
(54%)
(53%)
(0%)
12-14 months
186
149
2
77
70
87
29 (20%)
34 (23%)
50
88
85
0
(9)
(21)
(80%)
(1%)
(52%)
(48%)
(59%)
63 (43%)
(34%)
(60%)
(58%)
(0%)
15-18 months
203
176
1
56
119
107
24 (14%)
32 (18%)
53
103
106
0
(10)
(20)
(87%)
(1%)
(32%)
(68%)
(61%)
56 (32%)
(30%)
(59%)
(61%)
(0%)
Total (40)

803
(20)

642
(80%)

7
(1%)

363
(57%)

8-9 months
(7)
10-11 months
(6)
12-14 months
(9)
15-18 months
(8)

97
(14)
88
(15)
149
(17)
160
(20)

79
(81%)
68
(77%)
123
(83%)
123
(77%)

22
(28%)
24
(35%)
26
(21%)
37
(30%)

53
(93%)
39
(89%)
85
(88%)
71
(83%)

159
(16)
153
(15)
181
(18)

114
(72%)
129
(84%)
150
(83%)

84
(74%)
20
(16%)
4
(3%)

30
(100%)
102
(94%)
117
(80%)

493
(16)

393
(80%)

108
(27%)

249
(87%)

Limiteda (10)
Moderateb (10)
Capablec (10)

Total
(30)

272
(43%)

410
(65%)

180 (28%)
140 (22%)
320 (50%)

Children with signs of unilateral CP (by age)
4
41
24 (42%)
23(40%)
(7%)
(72%)
46 (82%)
5
21
10(23%)
19 (43%)
(11%)
(48%)
29 (66%)
12
55
13 (13%)
48 (49%)
(12%)
(57%)
61 (63%)
15
47
12 (14%)
44 (51%)
(17%)
(55%)
56 (65%)
Children with signs of unilateral CP (by severity)
0
16
0 (0%)
5 (17%)
(0%)
(53%)
5 (17%)
7
59
25 (23%)
57 (52%)
(6%)
(54%)
82 (75%)
29
88
34 (23%)
74 (51%)
(20%)
(60%)
108 (74%)
36
(13%)

163
(57%)

59 (21%)
136 (48%)
195 (68%)

243
(38%)

318
(50%)

335
(53%)

0
(0%)

13
(23%)
11
(25%)
30
(31%)
23
(27%)

16
(28%)
18
(41%)
46
(47%)
33
(38%)

12
(21%)
12
(27%)
41
(42%)
44
(51%)

8
(14%)
12
(27%)
22
(23%)
25
(29%)

5
(17%)
21
(17%)
49
(34%)

2
(7%)
41
(38%)
68
(47%)

3
(10%)
38
(35%)
68
(47%)

23
(77%)
36
(33%)
8
(5%)

75
(26%)

111
(39%)

109
(38%)

67
(24%)

* Percentage scores for bimanual play actions calculated when children were interested in the toy and played with the toy using both hands; ** = average number of toys provided per child; a = could not grasp or
hold toys with their affected hand, or tried to grasp but did not succeed; b = often spontaneously grasped and held toys, but they did so with difficulty, slowness or awkwardness; c = grasped and handled toys with
no or minor difficulty.
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Table III: Types of toys provided, interest shown, and unimanual and bimanual play actions provoked in children with typical development and those with signs of unilateral CP.
General information
Toy categories (number of toys)
Number of
times a toy
was given

Occasions
when
interested

Play actions*
Played
Reach
Bimanual
Transfer between
with one
One
Two
holding
hands
hand only
handed
handed
Multiple
Single
Children with typical development (n=40)
1
26
12
26
14
5
(1%)
(68%)
(32%)
(68%)
(37%)
(13%)

Turning,
rotating
toys

Symmetrical
bimanual
movements

Asymmetrical
bimanual
movements

Stabilise
by
weight

16
(42%)

14
(37%)

18
(47%)

0
(0%)

Toys with handles to hold (5 toys)

73

39
(53%)

Large toys (4 toys)

109

85
(78%)

1
(1%)

33
(39%)

51
(61%)

69
(82%)

24
(29%)

3
(4%)

24
(29%)

49
(58%)

41
(49%)

0
(0%)

Toys that can be pulled apart/pushed
together (5 toys)

159

139
(87%)

0
(0%)

66
(47%)

73
(53%)

111
(80%)

48
(35%)

26
(19%)

79
(57%)

111
(80%)

61
(44%)

0
(0%)

Toys with one part inside/inserted
into another part (6 toys)

152

126
(83%)

1
(1%)

81
(65%)

44
(35%)

62
(50%)

27
(22%)

46
(37%)

49
(39%)

35
(28%)

114
(91%)

0
(0%)

Toys with varied surfaces to explore
or which produce sounds (6 toys)

156

114
(73%)

2
(2%)

78
(70%)

34
(30%)

88
(79%)

38
(34%)

26
(25%)

28
(25%)

46
(41%)

48
(43%)

0
(0%)

A pair of toys meant to be played
with together (4 toys)

155

139
(90%)

2
(1%)

33
(24%)

49
(38%)

63
(46%)

54
(39%)

0
(0%)

Toys with handles to hold (5 toys)

62

42
(68%)

80
57
44
29
(58%)
(42%)
(32%)
(19%)
Children with signs of unilateral CP (n=30)
14
27
1
22
8
(33%)
(96%)
(4%)
(79%)
(29%)

8
(29%)

8
(29%)

8
(29%)

9
(32%)

5
(18%)

Large toys (4 toys)

68

53
(78%)

13
(25%)

26
(65%)

14
(35%)

29
(73%)

4
(10%)

6
(15%)

10
(25%)

12
(30%)

14
(35%)

16
(40%)

Toys that can be pulled apart/pushed
together (5 toys)

80

70
(88%)

15
(21%)

50
(91%)

4
(7%)

39
(71%)

13
(24%)

23
(42%)

24
(44%)

39
(71%)

22
(40%)

8
(15%)

Toys with one part inside/inserted
into another part (6 toys)

61

49
(80%)

14
(29%)

32
(91%)

3
(9%)

14
(40%)

7
(20%)

21
(60%)

10
(29%)

7
(20%)

33
(94%)

11
(31%)

Toys with varied surfaces to explore
or which produce sounds (6 toys)

112

85
(76%)

23
(27%)

58
(94%)

4
(6%)

38
(61%)

15
(24%)

29
(47%)

7
(11%)

14
(23%)

14
(23%)

14
(23%)

A pair of toys meant to be played
with together (4 toys)

85

77
(91%)

26
(34%)

44
(86%)

7
(14%)

12
(24%)

8
(16%)

41
(80%)

15
(29%)

25
(49%)

13
(25%)

10
(20%)

* Percentage scores for bimanual play actions calculated when children were interested in the toy and played with the toy using both hands
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Table IV: Suitability of the original AHA test items for children aged 8-18 months, and possible new test items for the
Mini-AHA.

Suitable: no changes
were required
1. Chooses assisting
hand when closer to
objects
2. Stabilises by
weight or support
3. Reaches
4. Moves upper arm
5. Moves forearm
6. Moves fingers
7. Holds
8. Grasps
9. Stabilises by grasp
10.Varies type of
grasp
11. Flow in bimanual
performance

Suitable after adaptation
1. Approaches objects
2. Initiates use
3. Releases
4. Readjusts grasp

Not suitable
1. Puts down
2. Calibrates
3. Manipulates
4. Coordinates
hands/arms
5. Orients object
6. Proceeds
7. Changes strategy

Possible new items for MiniAHA
1. Amount of use
2. Individual finger
movements
3. Grasps from an adapted
position
4. Grasps when the preferred
hand is restrained
5. Adjusts arm position to
grasp
6. Symmetrical hand use
7. Bimanual (asymmetrical)
manipulation
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100
Frequency (%) of bimanual hand use

90
80
70
60
50
40
30
20
10
0
Limited

Moderate

Capable

Typically Developing

Figure 1. Box and whiskers plot of frequency (%) of bimanual actions compared to
unimanual actions during a Mini-AHA play session, by children with signs of unilateral
CP who had limited (N=10), moderate (N=10) and capable (N=10) use of the affected
hand for grasping and children with typical development (n = 40). Box covers second
and third interquartile range, line indicates median, and whiskers extend to maximum and
minimum frequency scores.
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CHAPTER SEVEN: DEVELOPMENT OF THE MINI-ASSISTING HAND
ASSESSMENT: EVIDENCE FOR CONSTRUCT AND INTERNAL SCALE
VALIDITY
7.1 Introduction
The first goal of the study reported in this chapter was to examine the internal
scale validity of the Mini-AHA test items by evaluating item and person response
validity through a Rasch measurement model (RMM) analysis. The second goal was to
provide evidence for construct validity of the Mini-AHA as a test of effective assisting
hand use during bimanual performance and not age related development by testing the
hypothesis that the Mini-AHA test items are not affected by age of the child.
A manuscript reporting the results of the study has been submitted for publication
to the journal Developmental Medicine and Child Neurology. This paper is currently
under review. The manuscript is placed at the end of the chapter.
Study Four
Greaves, S., Imms, C., Dodd, K., & Krumlinde-Sundholm, L. (submitted). Development
of the Mini-Assisting Hand Assessment: Evidence for construct and internal
scale validity. Developmental Medicine & Child Neurology.
Journal impact factor: 2.561
In this chapter detailed information about the RMM including reasons for using
this model are provided. This information extends the description of RMM methods
reported in the manuscript and provides more detailed justification for their use. The
results of the study are fully contained within the manuscript.
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7.2 Using the Rasch Measurement Model
Rasch analysis is a method to formally test an outcome scale against a
mathematical model, which was developed by the Danish mathematician Georg Rasch
(Rasch, 1960). The Rasch measurement model (RMM) is a probabilistic model that aims
to determine the extent to which observed data satisfy the model’s stringent requirement
for interval level measurement. If the requirements for fundamental measurement are
achieved, a linear, interval level scale is produced (Bond & Fox, 2007; Tennant &
Conaghan, 2007).
The Rasch model is based on the principle that there are only two attributes that
determine a person’s response to test items: the ability of the person and the difficulty of
the item, each expressed as estimates on the latent trait (or construct) that is being
measured (Bond & Fox, 2007). The underlying assertions of the model are that when a
group of people are scored on a set of items, people with more ability have a greater
probability of accomplishing difficult items than people with low ability; and that all
people are more likely to accomplish easy items than hard ones. The RMM determines
how well test items fit the underlying construct, and how each item contributes to the
estimation of the person ability measures (Bond & Fox, 2007).
7.3 Advantages of Rasch Measurement Model Analysis
There are many advantages for using the RMM to evaluate the measurement
properties of instruments. These include:
1. If data fit the underlying assumptions, evidence for unidimensionality is
provided. Unidimensionality infers that only one construct is being
measured. Useful measurement involves only examining one construct at a time,
as it allows focus on only one attribute and prevents confusion if more than one
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attribute is being evaluated by the measurement scale. If a scale can be shown
to measure only one underlying construct this provides important evidence in
support of the construct validity of the test (Bond & Fox, 2007).
2. Rasch modelling transforms ordinal level data obtained using the test scores to
interval level data through logarithmic conversion. This results in a linear scale
with ‘logits’ (log-odds-probability units) as the interval level unit of measurement
(Linacre, 2009). Unlike ordinal level data, in interval level measurement the
distance between the levels of the attribute does have numerical meaning and is
interpretable (Merbitz, Morris, & Grip, 1989; Portney & Watkins, 2000).
3. Items according to their difficulty, as well as children according to their ability,
are positioned along this equal interval scale or “ruler” in a structured hierarchy,
which can allow for direct comparison between the ability of the person on the
construct of interest and the test items that measure the construct (de Morton &
Keating, 2008). Health science instruments developed using this model can
identify items that indicate a person’s capabilities and difficulties, but more
importantly this identification can be used to indicate their intervention needs as it
allows for targeting of items that are close to a person’s level of ability (de
Morton & Keating, 2008). In this manner, tests developed using RMM analysis
can provide important information for intervention planning.
4. The hierarchical ordering of items created by the item difficulty estimates in a
Rasch analysis can provide support for construct validity. This is achieved by
examining the hierarchy of item difficulty and determining whether this hierarchy
matches the hierarchy predicted to support the theoretical rationales (Linacre,
2009).
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5. A RMM analysis helps determine whether the rating scale is a clearly defined,
substantively relevant, ordered sequence of categories. If this is the case then this
provides evidence for the generalizability of the findings and the scale’s utility
with other samples from the same population (Bond & Fox, 2007).
6. The RMM is particularly useful for investigating aspects of human functioning
that are affected by development as the results of the analysis undertaken using
the model describe the order of development of a particular skill. Thus it is
possible to tell how much more one child is developed in the skill than another
child (Bond & Fox, 2007).
7. Rasch analysis is useful when change scores need to be calculated from ordinal
level scales if the data meet the model requirements and an interval level scale is
produced (Tennant & Conaghan, 2007). The measures are also suitable for
parametric statistical analyses provided that other assumptions about the nature of
the data are also met. That is, the sample has a normal distribution, and that
variances in the samples being compared are roughly equal or homogenous
(Portney & Watkins, 2000).
7.4 Satisfying the Requirements for Undertaking a RMM Analysis
7.4.1 Sample Size
Sample size estimates for Rasch modelling indicate that to have 95-99%
confidence of having stable item calibration estimates within ½ a logit, 100-150 data
points are required (Linacre, 1994). To help achieve this in the current study, and when
age and circumstances allowed (e.g. proximity to the hospital), repeat assessments of the
children were undertaken. Repeat assessments were included in the analyses if the
assessments occurred three or more months apart and if the differences in the scoring
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occasions were > ±1 standard error of measurement (in logits), equating to at least 4 raw
scores. These criteria were set to exclude redundant measures as these would not add
value to the analysis. Specific sample details are reported in section 6.2.
7.4.2 Selecting a Rasch Measurement Model
Selection of an appropriate Rasch model involves considering the response
options (Tennant & Conaghan, 2007). When items in a scale have only two response
options, then a dichotomous model is used. When items in a rating scale have three or
more options, then polytomous models are used. There are two choices of polytomous
models. One choice is the Andrich rating scale model (Andrich, 1978), while the second
is the Masters partial credit model (Masters, 1982). The principal difference between
these two models is that the Andrich rating scale model operates on the assumption that
the distance between the thresholds is equal across all items. A threshold is the
probabilistic midpoint (i.e., 50/50) between any two adjacent categories (Tennant &
Conaghan, 2007). In contrast, the Masters partial credit model allows variation in the
relative difficulty of the scale steps from item to item (Wright & Masters, 1982). Rating
scales that have different scoring criteria for each item, which means that the category
levels are not likely to be equal distant between thresholds, should use a Masters partial
credit model. This is the case with the Mini-AHA where each item uses a unique four
point rating scale and the scoring criteria in each category varies between items.
One drawback to using the Masters partial credit model is that the Andrich’s
rating scale model is preferable in small samples as there is more likelihood of at least 10
observations per category being achieved. This is because observations from the
categories of all 20 items are summed together to provide a total category score in the
Andrich model (Linacre, 1994). Having 10 observations per category allows for more
precise, robust estimates, and it is less likely that “accidents” in the data will distort them
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(Linacre, 1994). With a Masters partial credit model, category counts are calculated for
each individual item. Using this method, ten observations per category may be difficult
to achieve with even the recommended 100 observations (Linacre, 1994).
7.4.3 Selecting Rasch Measurement Model Analyses
To develop, examine and build evidence for the internal scale validity of a test, a
number of different analyses are undertaken (Tennant & Conaghan, 2007). Reasoning
and justification for the RMM analyses used in study four are discussed below:
1. Inspecting the rating scale category effectiveness. An important initial
analysis was to inspect the rating scale structure for presence of monotonically
increasing step calibrations and the presence of an ordered set of response
thresholds for each of the items. The scale steps are the descriptions against
which each item is measured. The thresholds lie between these scale steps and are
defined as the measure level at which the probability of getting the higher or the
lower of the scores are equal (Tennant & Conaghan, 2007). Step calibrations and
threshold ordering should reflect an increase in the underlying construct that is
measured. That is, for each item the rating scale steps should rise monotonically
and threshold responses should be ordered. Threshold responses are said to be
ordered when the threshold between levels one and two have a lower measure
than the threshold between levels two and three, and so on. This is an
important indication of the validity of polytomous rating scales suggesting that
achievement of higher categories is through greater ability (Linacre, 2002a,
2009). When threshold responses are not ordered, remedial action is required,
such as collapsing or joining together rating scale categories (Tennant &
Conaghan, 2007).
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2. Determining the fit of items to the RMM. How well the items in the scale fit
the RMM assumptions and the measurement requirements for unidimensionality
were evaluated by calculating fit statistics and point measure correlations
(Linacre, 2009; Tennant & Conaghan, 2007). To make sure that the response
level scoring makes sense, point measure correlations are first examined (Linacre,
2009). Positive correlations are expected as this indicates that higher values of
the items correlate positively with the person measures. In other words, point
measure correlations reflect how well the responses represent the item ability
estimate. A value of 0.6 or higher represents a good correlation (Linacre, 2009).
A more detailed method to examine the whether the data fit the RMM
assumptions is using fit statistics (Linacre, 2009). Fit statistics indicate how
accurately data fit the model (Linacre, 2002c) and are reported as mean square
(MnSq) and standardised Z values (Zstd). The infit MnSq is weighted and
therefore is sensitive to unexpected responses closer to the expected score, while
the outfit MnSq is unweighted and more sensitive to outlying scores. The
standardized Z value is a transformation of the MnSq into a t-statistic which is
used to determine the likelihood that results occurred by chance (Bond & Fox,
2007; Linacre, 2002c).
A MnSq value of 1.0 indicates that the overall scoring pattern was as
expected. Mean square values below 1.0 indicate that the responses are too
predictable and show less variation than was expected, and values above 1.0
indicate an overly unpredictable pattern (Tesio, 2003). In general, infit/outfit
MnSq statistics in the range of 0.6-1.4 and their Zstd values ranging from -2 to 2
are regarded as acceptable when evaluating whether items measure the same
underlying unidimensional latent trait (Bond & Fox, 2007; Wright & Linacre,
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1994). Items displaying MnSq >1.4 associated with Zstd >2 indicate that the
responses are misfitting (i.e. they underfit). Misfitting responses may be
unexpected, for example when the responses do not follow the Rasch assertions
of easier items being easy for persons of all ability levels. Misfitting responses
may also be a result of inaccurate scoring or because the items measure a
different construct. In contrast, an item displaying MnSq <0.6 associated with
Zstd < 2 indicates that the item has little variation (i.e., it overfits), and therefore,
might be redundant within a test. When establishing tests that measure
development of a skill, having items within the scale that overfit is considered
reasonable as they may improve the ability of the scale to measure the
developmental sequence of abilities (Bond & Fox, 2007). Outfit statistics are
more sensitive to extreme responses or outliers. Examination of these responses
to check for data entry accidents or reasons for misfit should be undertaken
(Linacre, 2009). High infit mean-squares indicate that the items are not
performing as expected for the people on whom the items are targeted. This is a
bigger threat to test validity, but more difficult to diagnose as it is dependent on
the overall pattern of responses (Linacre 2009, Bond & Fox, 2007).
In study four item fit statistics were deemed adequate if the infit MnSq
was >1.4 in combination with a Zstd -value of >2.0 (Bond & Fox, 2007; Wright
& Linacre, 1994). These criteria aimed to identify items showing underfit to the
Rasch model. A test is considered to have acceptable unidimensionality when at
least 95% of the items fit the RMM (Smith, 1991).
When items misfit they can be reviewed to assess whether fit can be
improved (for example by rewording the criteria) or the item should be removed
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from subsequent analyses. Clinical implications for removing the item should
also be considered (Campbell, Wright, & Linacre, 2002).
3. Person fit to the model expectations. As well as evaluating item fit to the
RMM assumptions, how well the person measures fit the model assumptions is
also evaluated in a corresponding manner. When the goodness-of fit statistics for
the persons are acceptable, they provide evidence of person response validity
(Fisher, 1992).
In this study, the MnSq and the associated Zstd were also used to evaluate
goodness-of-fit of the person measures. As with item fit, person fit criteria for
misfit were set to infit MnSq >1.4 in combination with a Zstd value of >2.0,
which identifies when person measures show underfit to the Rasch model
assumptions (Wright & Linacre, 1994). A test is considered to have acceptable
unidimensionality when at least 95% of the person’s ability measures fit the
RMM.
4. Targeting of items and persons. This aspect of the RMM analysis evaluates
whether the item calibration values are appropriately spread along the linear scale
continuum of difficulty and were targeted to the sample of children that represent
the target population (Bond & Fox, 2007). This aspect can be evaluated with a
RMM analysis because both items and persons are calibrated along the same
scale. Appropriate targeting of items and persons was evaluated through visual
inspection of the spread of person and item locations on a person-item map.
Another method to evaluate test targeting is to compare the item calibration mean
(set by default to 0) with the mean ability of the persons in the sample (Tennant &
Conaghan, 2007). For a well-targeted test, that is a test that is not too easy or too
hard, the mean location of the person measures would also be around zero
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(Tennant & Conaghan, 2007). Inspection of the person-item map is also used to
identify any ceiling/floor effects. This is when the items do not cover children of
high or low ability. The person-item map can also identify possible gaps in item
difficulty, which may affect the test’s ability to differentiate between ability
levels (Bond & Fox, 2007).
5. Reliability of test item and person measures. Reliability of the test item and
person measures is determined by evaluating the internal consistency ratios and
evaluating whether the test items can separate the persons into distinct levels of
ability.
The person reliability index indicates the replicability of the person ordering that
could be expected if this sample of people were given another parallel set of items
measuring the same construct (Wright & Masters, 1982). This is equivalent to a
Cronbach’s alpha. Item reliability indicates the replicability of the item
placements along the continuum if these same items were given to another sample
of the same size that behaved the same way. When scales have high item
reliability it can be inferred that the test has some items that are more difficult and
some items that are easier, and that there is an expectation of consistency in these
inferences (Bond & Fox, 2007). The criteria for determining a high level of
reliability were item and person reliability coefficients ≥ 0.80 (Fisher, 2007).
Another reason why the magnitude of measurement error is important is because
low reliability limits the number of discriminable performance levels on the
attribute that is being assessed (Curtis & Boman, 2007). This is because
reliability determines the separation ratio which can be used to calculate the
number of statistically distinct strata of person measures that are distinguishable
using the formula (Wright & Masters, 1982):
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separation ratio*4+1/3
A minimum of two person strata are required to distinguish between high and low
performers (Linacre, 2002b). The higher the number, the more effectively the scale can
differentiate between persons at different ability levels. This means that scales with a
higher number of strata have a greater potential to detect change.
6. Further investigations of unidimensionality. A second method for
determining whether the test items define a single unidimensional construct is
through a principal component analysis (PCA) of the standardised residuals. This
is performed to examine whether a second dimension exists in the unexplained
variance in addition to the Rasch dimension (that is the dimension explained by
the construct). A comparison between the Rasch dimension and the first residual
factor (that is the largest single dimension in the unexplained variance) identifies
any possible multidimensionality (Linacre, 2009).
In this study, criteria for unidimensionality were that at least 60% of the raw
variance should be explained by the RMM (principal component), and after the
removal of this component, the residuals for the item/person interaction should be
randomly distributed and uncorrelated, as demonstrated by an Eigen value <3 or
less than 5% of the variance (Bond & Fox, 2007; Smith, 2002).
7.5 Summary and Conclusions
The aim of the study in this chapter was to examine the internal scale validity of
the Mini-AHA by examining item and person response validity through a RMM analysis.
Evidence of good internal scale validity was provided in the submitted journal article
entitled “Development of the Mini-Assisting Hand Assessment: Evidence for Construct
and Internal Scale Validity” (Greaves, Imms, Dodd & Krumlinde-Sundholm, 2011,
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submitted). This study (study four) also provided evidence for the construct validity of
the Mini-AHA test items as a measure of effectiveness of assisting hand use as opposed
to age-related developmental change.
This chapter also included an extended discussion of the advantages of using the
RMM, as well as providing detailed reasons and justification for the RMM analyses that
were reported in the study. Together this information provided substantive support for
the validity of the Mini-AHA test items and person measures.
While further evidence will be sought for other psychometric properties of the
Mini-AHA, initial analyses of construct and internal scale validity suggest that the MiniAHA has the potential to be a useful assessment to measure ability, monitor
development, guide intervention, and evaluate change of the affected hand during
bimanual performance in children with unilateral CP 8-18 months of age. The clinical
utility of the Mini-AHA as an assessment tool and to guide intervention for very young
children with unilateral CP within a clinical reasoning model is discussed in the next
chapter.
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ABSTRACT
AIM: To evaluate the internal scale validity of the Mini-Assisting Hand Assessment
(Mini-AHA) for children with unilateral cerebral palsy (CP) aged 8-18 months, and
examine the influence of age on test outcomes.
METHOD: 108 assessments of children with unilateral CP were entered into a Rasch
Measurement Model (RMM) analysis. A Spearman correlation analysis explored the
relationship between age and ability measures for children with unilateral CP. A chi
squared analysis tested the frequency of maximum scores in 40 children with typical
development (TD).
RESULTS: Person and item fit were acceptable and 20 items were established for the
scale. The item calibration values covered the range of person ability measures well. The
resultant unidimensional scale demonstrated excellent separation reliability. There was
negligible correlation between age and ability measures for children with unilateral CP
(rs = 0.149). All children with TD achieved maximum scores (p = 0.035).
CONCLUSION: Accumulated evidence shows that the Mini-AHA validly measures
assisting hand use during bimanual performance for children with unilateral CP aged 818 months. The Mini-AHA has the potential to be a useful assessment to evaluate
functional use of the affected hand and effects of intervention in an age group when
potential for change is high.

What this paper adds:




A new version of the AHA for younger children has been developed
The effectiveness of assisting hand use can be validly measured in children with
unilateral CP 8-18 months using the Mini-AHA
The Mini-AHA does not measure age related developmental change, but rather
differences in ability due to impairment
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DEVELOPMENT OF THE MINI-ASSISTING HAND ASSESSMENT:
EVIDENCE FOR CONSTRUCT AND INTERNAL SCALE VALIDITY.
Success at completing everyday bimanual tasks is often the greatest functional challenge
for children with unilateral cerebral palsy (CP). 1 When completing tasks that require two
hands, the most important aspect of hand function for this group of children is how well
they can use their affected hand in an assisting or complimentary role with the preferred
hand. 2 The Assisting Hand Assessment (AHA) is the only assessment that produces
valid and reliable measures of the effectiveness of the affected hand when used to
perform bimanual tasks. 3 However, the AHA is only valid for children aged 18 months
or older. Appropriate assessment tools for younger children are needed because this is a
time when the impairment first becomes evident, when a child’s motor skills are rapidly
developing, and when interventions may be best able to influence motor outcomes. 4, 5
To meet this assessment need, a new version of the AHA called the Mini-AHA is
being developed for children 8-18 months of age with unilateral CP. Similar to the
AHA, the Mini-AHA aims to measure how effectively the assisting hand is used during
bimanual performance (play), in order to describe and quantify aspects of assisting hand
use due to impairment. In the initial stages of development, new toys were selected and
the validity of these toys to provoke bimanual actions in this younger age range was
established. 6, 7 Following this, the suitability of the original AHA test items were
evaluated for children 8-18 months resulting in a trial version of 22 Mini-AHA test
items. 7 The next stage of test development involves evaluating the psychometric
properties of the trial test items and investigating how well the test items measure the
effectiveness of assisting hand use.
The purpose of this study was to evaluate the internal scale validity of the MiniAHA and to establish a final version of the Mini-AHA test items. In addition, we
examined whether the Mini-AHA test measures were influenced by age related
development. It was hypothesised that children without impairment would achieve
maximum scores on the Mini-AHA regardless of age, and that there would be a
negligible (< 0.25) 8 relationship between age and performance of children with
unilateral CP.
METHOD
This instrument validation study received ethical approval from the Human Research
Ethics committees of La Trobe University and the Royal Children’s Hospital in
Melbourne. The parents of children recruited to this study provided written informed
consent for them to participate in this research and for results to be published.
Participants and Recruitment
Two groups of children were recruited. Children were eligible for the first group if they
were aged 8 – 18 months (corrected for prematurity) and there were clinical signs
consistent with unilateral CP resulting from a central nervous system insult (i.e. abnormal
muscle tone, increased unilateral reflexes, abnormal postures and asymmetry of limb
use).9 This group of children were recruited through medical consultants, and remained in
the sample if their preliminary diagnosis of unilateral CP was confirmed by their medical
consultant at 18 months. Sample size estimates for Rasch modelling indicate that to have
95-99% confidence of having stable item calibration estimates within ½ a logit, 100-150
data points are required. 10 Children were recruited to the study until over 100 measures
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were available to support preliminary analysis of the scale. To help achieve this, and
when age and circumstances allowed (e.g. proximity to the hospital), repeat assessments
of the children were undertaken. Repeat assessments were included in the analyses if the
assessments occurred three or more months apart and if the differences in the scoring
occasions were > ±1 standard error of measurement (in logits) equating to at least 4 raw
scores. These criteria were set to exclude redundant measures as these would not add
value to the analysis.
To test the hypothesis that children with typical development (TD) would achieve
maximum scores on the Mini-AHA test items, we aimed to recruit a sample of 40
children spread across the age range of 8 – 18 months. These children were eligible if
they were aged between 8 and 18 months, born at term (≥ 37 weeks’ gestation), had an
uneventful birth and no history of developmental delay or neurological insult. This group
were conveniently sampled through local mothers groups and by word of mouth.
Test structure and procedures
The Mini-AHA test was administered in a video-recorded play session in which toys that
elicit the use of both hands were provided. 6 The 22 behavioural items that comprised the
Mini-AHA trial version 7 were scored by viewing the video-recordings. Four detailed
criterion-based categories determined the level of ability for each item. The general
meanings of the categories are, 4: effective, 3: somewhat effective, 2: ineffective, and 1:
‘does not do’. In children without impairment, the hand used more frequently was
deemed the preferred hand and the other hand was scored. If both hands were used
equally, the left hand was scored.
Rasch measurement model analysis
The Rasch measurement model (RMM) has been increasingly used to evaluate
psychometric aspects of assessments for young children with impairments.2, 11-13 This
method uses an iterative process to formally test an outcome scale against a mathematical
measurement model.14, 15 The underlying assertions of the model are that people with
more ability have a greater probability of accomplishing difficult test items than those
with less ability; and that all people are more likely to accomplish easier test items than
more difficult ones. The RMM is used to determine how well test items fit the underlying
scale construct being measured, in this case the effective use of the assisting hand, and to
determine how well each test item contributes to the estimation of the person ability
measures.16 If the test items and person measures fit the model, the result is a
unidimensional, interval level scale that hierarchically orders test items according to their
difficulty and persons according to their ability measures. 17, 18
RMM analysis was performed using Winsteps version 3.73 software (Winsteps.com,
Chicago, IL, USA). A partial credit model was used as each Mini-AHA test item uses a
unique four-point rating scale and the scoring criteria in each category varies between
items. 19
Internal scale validity of the Mini-AHA was evaluated by:
(1) Inspecting the rating scale category effectiveness for presence of monotonically
increasing step calibrations and the presence of an ordered set of response thresholds for
each of the items. This is an important indication of the validity of polytomous rating
scales suggesting that achievement of higher categories is through greater ability. 20, 21
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(2) Determining the goodness of fit of each item to the RMM assertions and the
measurement requirements for unidimensionality by calculating infit, outfit, point
measure correlations and standard error of measurement. The point-measure correlation
reflects how well the responses represent the item ability estimate. A value of 0.6 or
more represents a good correlation.21 Fit statistics indicate how accurately data fit the
model, 22 and are reported as mean square (MnSq) and standardised Z values (Zstd). Infit
is sensitive to unexpected response patterns for items that have a difficulty level near the
person’s ability level. Outfit is sensitive to unexpected response patterns when an item is
very easy or very hard for the person. Because misfitting infit statistics are more of a
threat to test validity than outfit, criteria for item misfit were set to infit MnSq >1.4 in
combination with a Zstd -value of >2.0.16, 23 These criteria will identify items showing
underfit to the Rasch model. A test is considered to have acceptable unidimensionality
when at least 95% of the items fit the RMM. Misfitting items were reviewed to assess
whether fit could be improved or the item should be removed from subsequent analyses.
(3) Determining the goodness of fit of each person to the RMM assertions using the same
methods as for item fit. Criteria for misfit were set to infit MnSq >1.4 in combination
with a Zstd value of >2.0, which identifies persons showing underfit to the Rasch model.
A test is considered to have acceptable unidimensionality when at least 95% of the
person’s ability measures fit the RMM.
(4) Assessing whether the item calibration values were appropriately spread along the
linear scale continuum of difficulty and were targeted to the sample of children with
unilateral CP. This was achieved through visual inspection of the spread of person and
item locations on a person-item map as well as through comparison of the item
calibration mean (set by default to 0) with the mean ability of the persons in the sample.
This enables identification of ceiling/floor effects and possible gaps in item difficulty,
which may affect the test’s ability to differentiate between ability levels.
(5) Determining the reliability of the test items by evaluating internal consistency ratios
and whether the items separated persons into distinct levels of ability. Acceptable
reliability is indicated by item and person reliability coefficients ≥0.80.24 The person
separation information is used to calculate the number of statistically distinct strata of
person measures that are distinguishable using the formula (separation ratio*4+1)/3. 25 A
minimum of two person strata are required to distinguish between high and low
performers. 25
(6) Investigating whether the items defined a single unidimensional construct. A
principal component analysis (PCA) of the standardised residuals is expected to show
that the variance explained by the RMM (principal component) should be > 60%, and
after the removal of this component, the residuals for the item/person interaction should
be randomly distributed and uncorrelated, as demonstrated by an Eigen value <3 or less
than 5% of the variance. 16, 26
Other analyses
To test whether age related development affected the outcome of the Mini-AHA a chi
squared analysis was used to test the hypothesis that 90% or more of children with TD
would achieve the maximum score on the Mini-AHA test items. A spearman correlation
analysis between age (months) and Mini-AHA ability measures (logits) was conducted
for children with unilateral CP.
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RESULTS
Eighty-six children with unilateral CP and 40 children with TD were recruited to the
study. Of the children with unilateral CP, 62% were boys and 50% had a right sided
impairment. Twenty-two children with unilateral CP had one repeat assessment used in
the analysis. Of the 40 children with TD, 55% were boys (see Table 1).

Insert Table 1 about here

Internal scale validity of the Mini-AHA
A total of 108 Mini-AHA assessments of children with unilateral CP were entered into
the RMM analysis. Initial analysis of rating scale category effectiveness indicated that all
22 test items displayed monotonically increasing step calibrations and there were no
disordered thresholds. However, two items, “individual finger movements” and “grasps
when the preferred hand is restrained” had fewer than 10 observations in two or more
categories. Additionally, item infit statistics for both items (individual finger movements:
MnSq 2.27, Zstd 3.8, grasps when the preferred hand is restrained: MnSq, 1.66, Zstd 2.9)
indicated misfit of these items to the RMM. Both of these test items were removed from
any further analyses. Seven of the remaining 20 items had fewer than 10 observations in
a single category which may result in imprecise estimates of step calibrations.
Goodness of fit evaluation for the remaining 20 test items revealed that one item,
“chooses to use the assisting hand when closer to object”, showed misfitting values for
infit (MnSq 1.80, Zstd 3.4). In accordance to the high difficulty level of this item (4.91
logits) a high score on this item should only be achieved by children who used their
assisting hand effectively. However, on some occasions, less capable children obtained
high scores. Despite misfit, this item was retained as it may indicate improved functional
hand use for more capable children, or provide clinically important information for
intervention planning for children with lower ability. All point correlation measures for
the 20 remaining items were > 0.6, ranging from 0.84 to 0.94 (see Table 2). Goodness of
fit evaluation for the 108 person ability measures fell within the limits of acceptable fit,
indicating excellent person fit to the RMM assertions.

Insert Table 2 about here
The Mini-AHA test items provided a broad range of item difficulty calibrations
(range 7.84 to -11.58) as well as person ability measures (range 17.39 to -21.04). Visual
inspection of the item map (Figure 1) shows that item difficulty calibrations and person
ability measures were generally well matched. However, the average person ability
measure was -3.01, which was less than the average difficulty of the test items (0.0).
While no child achieved the minimum score, there were a number of children in this
sample whose ability scores were at the lower end of the scale. No child received a
maximum score.
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Insert Figure 1 about here
The person separation ratio of 9.67 indicates that children can be separated into
13 different ability levels (strata). Person and item reliability were both > 0.8 (0.99 and
1.00). Variance explained by the measures in a principal component analysis was 93.3%
and the unexplained variance in the first contrast was 0.8% with an eigenvalue of 2.4 (see
Table 3).
The final Mini-AHA scale comprised 20 test items. The item difficulty
calibrations and the person’s ability measures each conformed to 95% level of fit,
providing evidence of unidimensionality and supporting internal scale validity.

Insert Table 3 about here

Influence of age on person ability measures
All 40 children with TD aged 8-18 months achieved the maximum score (4 points) on
each of the 20 Mini-AHA items, receiving a sum score of 80. The hypothesis that 90% or
more of children with TD would achieve a maximum score was supported (χ2 (1) = 4.44, p
= 0.035). The correlation analysis between age and Mini-AHA measures in logits in the
children with signs of unilateral CP demonstrated a negligible relationship (rs = 0.107;
see Figure 2).

Insert Figure 2 about here

DISCUSSION AND CONCLUSION
The results of this study provided accumulated evidence for internal scale validity of the
Mini-AHA as evaluated by the RMM. Acceptable item and person fit to the model and
strong evidence from a principal component analysis indicates the Mini-AHA measures a
unidimensional construct: how well children use their affected hand during bimanual
play. The high person separation ratio (9.67) which derives from the high reliability
coefficient (0.99) means that the scale can separate children with unilateral CP into 13
distinct strata (levels of ability) with high precision, indicating that the Mini-AHA scale
is likely to be sensitive to change although this requires further evaluation.
Visual inspection of the person item map indicated that Mini-AHA items were
generally well targeted for young children with unilateral CP, with no substantive gaps in
person-item targeting. However, there were fewer ‘easier’ items targeting the least
capable children. Several children received very low scores because they did not use the
affected hand/arm at all when handling objects. This was also evident in the average
person ability score of -3.01 logits, which indicates that, on the whole, the test items were
hard rather than easy for the children in the sample. Ideally, more easy items should be
generated. However, it was difficult to create test items that assessed children who did
not perform actions with their affected hand. For example, the test item grasps when the
preferred hand is restrained was designed as an easy item, which aimed to provoke use
of the assisting hand when the child was not spontaneously demonstrating this behaviour.
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However, some young children objected to manual restraint, thus factors other than the
ability to use the assisting hand affected success on this item, causing unexpected
responses and misfit to the model expectations.
Increasing accuracy and skill accompanies the development of manual abilities
between 8-18 months of age and results in considerable differences in hand function for
children in this age range. The aim of the Mini-AHA, however, is not to measure typical,
age-related development, but rather to measure how effectively children with a unilateral
disability use their affected hand during bimanual performance. That is, the tool is
intended for children with clinical signs of unilateral upper limb impairment, and it aims
to measure and describe the impact of the impairment on the functional use of the
affected hand. Thus, evidence that the Mini-AHA test scores were not affected by age in
either the group of children with unilateral CP (rs=0.107) or in the group of typically
developed children, who all received maximum scores independent of age, provided
important information about the validity of the scale. Furthermore, it makes the MiniAHA suitable as a measure of change in longitudinal or intervention studies since the
changes in Mini-AHA scores would result from factors other than age related
development.
A limitation to this study was the relatively small sample size. As a result, the
number of observations in some item categories was less than optimal which may have
produced less precise and robust estimates. 20 In addition, the sample size precluded
investigation of differential item functioning that may occur in different groups within
the sample. Although the sample was adequate for an initial Rasch analysis 10 and
provided strong evidence for a number of aspects of internal scale validity and scale
reliability, future analyses with a larger sample will provide more robust results.
A key advantage of using the RMM is that test items and children in the sample
are ordered along one equal interval “ruler” that can directly compare child ability and
item difficulty. The hierarchically ordered item difficulty information could be used to
describe development of effective assisting hand behaviours. In this manner, the “ruler”
could provide a clinically useful tool to guide intervention planning.
Future research is needed to evaluate reliability (test-retest, intra- and inter-rater)
and investigate the relationship between the Mini-AHA and other tests. Initial analyses of
construct and internal scale validity, however, suggest that the Mini-AHA has the
potential to be a useful assessment to measure ability, monitor development, guide
intervention, and evaluate change of the affected hand during bimanual performance in
children with unilateral CP 8-18 months of age.
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Table I: Demographic characteristics of participants
Children with unilateral CP
Age
(months)
8-9
10-11
12-13
14-15
16-18
Total

Number

Gender

17
17
22
17
13

4F, 13M
8F, 9M
10F, 12M
8F, 9M
3F, 10M

Side of
hemiplegia
7L, 10R
8L, 9R
16L, 6R
5L, 12R
7L, 6R

Repeated
assessments*

1F
4F, 2M
4F, 11M

No of
assessments
17
17
23
23
28

Children with typical
development
Number
Gender
12
9
7
5
7

8F, 4M
4F, 5M
1F, 6M,
3F, 2M
2F, 5M

86
33F, 53M
43L, 43R
9F, 13M
108
40
18F 22M
M= male; F= female; L= left; R= right; * = 22 children had repeated assessments included in the analysis
(only one per child)
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Table II: Item statistics for the 20 items of the Mini-AHA
Item

Bimanual manipulation
Chooses assisting hand
Varies grasp
Grasps (object location)
Adjusts arm position
Symmetrical arm/hand use
Readjusts grasp
Flow in bimanual
performance
Releases
Initiates use
Reaches
Stabilise by grasp
Moves forearm
Moves fingers
Moves upper arm
Amount of use
Stabilises by weight
Grasp from an easy position
Contact with objects
Holds
Mean

Measure
(logits)

S.E.

Infit

Outfit

Point measure
correlation

MnSq

Zstd

MnSq

Zstd

7.84
4.91
4.85
4.75
3.56
3.52
3.21
3.03

.35
.34
.35
.38
.33
.32
.31
.32

.98
1.80
.83
1.06
.62
.84
.99
.53

.0
3.4
-.8
.3
-2.3
-.9
.0
-3.2

.50
2.32
.37
.50
.31
.53
.65
.25

-.7
2.1
-1.6
-.7
-1.9
-1.1
-.6
-2.3

.88
.88
.91
.92
.92
.91
.90
.93

2.95
1.88
1.66
1.57
-.12
-2.24
-2.83
-4.83
-5.46
-7.42
-9.49
-11.58

.31
.35
.33
.31
.35
.35
.35
.32
.29
.30
.31
.33

1.19
.88
1.28
1.11
1.19
.73
.96
.73
.71
.92
.76
1.00

1.1
-.6
1.5
.6
1.0
-1.4
-.2
-1.4
-1.4
-.3
-1.4
.1

.66
.59
1.11
.61
1.16
.31
.35
.38
.44
.48
.48
.52

-.6
-.3
.4
-.8
.5
-1.3
-1.1
-1.7
-1.3
-1.1
-1.1
-1.0

.91
.93
.92
.92
.91
.90
.84
.94
.91
.88
.88
.87

0.00

.33

.96

-.3

.62

-.8
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Table III: Rasch analysis results for the 20 Mini-AHA test items.

Number of items in initial analysis
In final analysis
Principal components analysis
Variance explained by measure
Variance explained by first contrast
Eigenvalue
Person separation index
Item separation index
Person reliability
Item reliability
Person strata
Item strata
Mean item measure
Mean standard error of items
Mean person measure

22
20
93.3%
0.8%
2.4
9.67
15.05
.99
1.00
13.22
20.4
0.0
.33
-3.01
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MAP OF PERSONS AND ITEMS
More
capable
18
17
16
15
14
13
12
11
10
9
8
7
6
5
4
3
2
1
0
-1
-2
-3
-4
-5
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-7
-8
-9
-10
-11
-12
-13
-14
-15
-16
-17
-18
-19
-20
-21
-22
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Category 3-4
X
X
X
XX
X
XXXX
XXXXX

X
X
X
X
X

Hard
items
18
17
16
15
14
13
12
11
10
9
8
7
6
5
4
3
2
1
0
-1
-2
-3
-4
-5
-6
-7
-8
-9
-10
-11
-12
-13
-14
-15
-16
-17
-18
-19
-20
-21
-22

Easy
Items

Figure 1: Map of persons and items in the Mini-AHA scale. In the column labelled ‘persons’, children are
located at their estimated ability measure on the equal interval logit scale. Each ‘#’ represents one person.
The next three columns present the level where the probability of an item being rated in either of two
categories is 50%. Each ‘x’ is one item.
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0.0
-5.0
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Figure 2: Scatter plot portraying the relationship between age in months and child ability
in logits (rs = 0.107) for 108 Mini-AHA assessments of children with unilateral CP aged
8-18 months.
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CHAPTER EIGHT: USING THE MINI-ASSISTING HAND ASSESSMENT
WITHIN A CLINICAL REASONING MODEL
Clinicians and researchers use measurement tools for a variety of purposes. They
can be used to describe an individual’s current skills and/or to distinguish between the
performances of children with different levels of ability. Measurement tools can also be
used to evaluate change over time or to measure the effectiveness of an intervention
(Kirshner & Guyatt, 1985; Rudman & Hannah, 1998). Another purpose for
measurement tools is to help guide the intervention process (Ketelaar & Vermeer, 1998).
This latter purpose is particularly important for clinical practice, including for practice in
paediatric settings with very young children with unilateral CP. The aim of this chapter
is to illustrate how the Mini-Assisting Hand Assessment (Mini-AHA) can be used within
a clinical reasoning model both for assessment of current level of performance and to
guide intervention for very young children with unilateral cerebral palsy (CP). Two case
examples of young children with unilateral CP are used to illustrate the clinical reasoning
process.
8.1 Method
8.1.1. Design
Descriptive case study methods are used to exemplify how the Mini-AHA can be
embedded in clinical reasoning.
8.1.2 Participants
Two children, followed as part of the research program, were chosen to explain
the clinical reasoning process. The first child, Joe, is a nine month old boy with clinical
signs of left sided unilateral CP. Joe is an only child, and lives at home with his parents.
The second child, Jane, is a17 month old girl with clinical signs of right sided unilateral
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impairment. Jane lives with her mother and older brother Toby who is four years old.
These two children were selected as their ages (nine months and seventeen months) were
within, but at different ends, of the assessment age range of the Mini-AHA. Also both
children had considerable difficulty using their affected arm during bimanual task
performance. Young children similar to Joe and Jane are commonly seen in paediatric
practice and present a considerable challenge for assessment and intervention. These
challenges occur because it is difficult to encourage use of the affected arm/hand during
bimanual performance when very young children have limited use of their affected hand,
and they do not understand that using their affected hand can improve their ability to
complete a bimanual task; when reasoning with the child is difficult; and when
behavioural responses of the child can impact both success of assessment and
intervention.
The parents of both participants have provided informed written consent for their
children to take part in this research program, and have provided consent for deidentified assessment and intervention data about their child to be included in this
chapter.
8.1.3 Measurement Tool: The Mini-Assisting Hand Assessment
The Mini-AHA assesses how effectively the assisting hand is used during a play
session using toys that provoke a bimanual response. The play session is video-recorded
and later, 20 object related arm/hand actions of the affected hand are scored against
specific criteria on an AHA score form made using an Excel spread sheet. Each of the 20
items has four rating levels that hierarchically describe effective assisting hand use for
that item. In general, level 4 indicates effective assisting hand use, level 3 somewhat
effective, level 2 indicates ineffective assisting hand use, and level 1 indicates “does not
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do”. The most common behaviour is scored, however, an ‘x’ indicates different levels at
which the behaviour was occasionally observed.
Following the scoring process a second excel spread sheet, the ordered outcome
form, is generated using formulas embedded within the first sheet to transfer the scores to
this second form. On the ordered outcome form the Mini-AHA test items are listed
hierarchically according to their difficulty as determined by the Rasch measurement
model analysis generated during test development (Greaves, Imms, Dodd & KrumlindeSundholm, 2011a, submitted). Items that represent the easiest assisting hand actions to
perform are at the top of the form, while items that are the most difficult are at the
bottom. On this form a brief description of the meaning of each item at the different
score levels is provided (see Appendix H: Mini-AHA ordered outcome form). Following
transfer of the test scores from the first sheet, the scores achieved for each test item are
either coloured green, indicating that they are scored at levels 4 (effective) or 3
(somewhat effective), or coloured red , indicating that this item is scored as being
performed at an ineffective level, or not done (levels 2 and 1). Assisting hand actions
that were occasionally observed and that were indicated on the score sheet with an ‘x’ are
also transferred to this form. Thus, on the ordered outcome form, items that are
preformed effectively and thus are easy for the assessed child are marked green, and
items that are performed ineffectively and thus are difficult are marked red. It is
expected that the easiest items according to the Rasch hierarchical ordering, which are
placed on top of the ordered outcome form, are more likely to be marked green, and that
items placed further down the list are more likely to be marked red.
The ordered outcome form allows an overview of the child’s result and indicates
the level to which the child’s “assisting hand development” has reached, and thus where
ineffective performance is occurring. From these data, the assessment can be interpreted
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and can provide information on what difficult performance components, expressed as
AHA items, are closest to the child’s current ability level and thus are the most relevant
to target in intervention. Since the first red marked items are close to the child’s ability
level, they are expected to be the next to improve for achieving a more effective assisting
hand function. This information can help the clinician to direct treatment and formulate
specific action related goals.
Information generated using the Mini-AHA assessment and from the
hierarchically ordered outcome form was used within a clinical reasoning model for two
individual case studies to highlight how the Mini-AHA can be used in clinical practice to
assist in the assessment process and to guide intervention to achieve identified
occupational performance outcomes.
8.1.4 Clinical Reasoning Model
Clinical reasoning refers to the thought processes that guide practice (Rogers,
1983). The model used to inform clinical reasoning in these case studies is the
Occupation Performance Process Model (OPPM) (Canadian Association of Occupational
Therapists [CAOT], 2002; Fearing, Law, & Clark, 1997). This model uses a clientcentred, flexible yet focussed, method for guiding the therapist and the client through
seven stages of a collaborative, outcome oriented process (Fearing, Clark, & Stanton,
1998). These seven stages are illustrated in Figure 1.
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Figure 8.1: Occupation Performance Process Model. Reprinted with permission from:
Enabling Occupation: An occupational therapy perspective. (CAOT, 2002, p.61).
8.1.5 Seven Stages of the Occupational Performance Process Model
Stage one: In the first stage of the model, occupational performance issues are
identified using an individualised, occupationally based assessment tool. Use of the
Canadian Occupational Performance Measure (COPM) (Law et al., 1998) to identify
occupational performance issues is encouraged by this model (CAOT, 2002). The COPM
has been increasingly used in paediatric practice to identify occupational performance
issues of children (Cusick, Lannin, & Lowe, 2007). When the COPM is used with young
children, it is recommended that the parents identify issues for their child in the areas of
self-care, productivity and leisure during their daily lives (Cusick et al., 2007). Particular
focus on activities that the child is currently interested in doing, or trying to do but
having difficulty achieving is recommended so that intervention can be targeted on skills
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that may be ready for change (Darrah & Bartlett, 1995; Darrah et al., 2011; Law et al.,
1998).
At this stage the families of the two children were interviewed and occupational
performance issues were identified and scored using the COPM. While very young
children with unilateral CP can encounter a range of difficulties in their daily lives, for
example difficulty moving about the house or sitting independently in the bath, only
occupational performance issues concerning the upper limb are reported in this chapter.
Stage two: In the second stage an appropriate theoretical framework to help
guide the remaining stages of the clinical reasoning process is selected. The framework
should be relevant for the identified issues (CAOT, 2002). Often more than one
approach is used, although approaches that have been validated by research and which
are consistent with client-centred practice are recommended (CAOT, 2002). Theoretical
frameworks used to support assessment and intervention reasoning with young children
with unilateral CP were considered at this stage.
Stage three: In this stage, the therapist and family identify the occupational
performance components and environmental conditions that are impacting performance
of the issues identified in stage one (CAOT, 2002). It is rarely necessary to assess every
occupational performance component or every aspect of environment. Rather the goal at
this stage is to identify relevant factors that are affecting occupational performance
(CAOT, 2002).
It is proposed that the Mini-AHA be used in this stage if difficulties using the
affected hand in conjunction with the well-functioning hand in object related activities
are affecting the child’s ability to perform the identified occupational performance task.
The Mini-AHA would be used to determine the specific affected hand actions that were
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impacting performance. Both identified children were assessed using the Mini-AHA at
this stage. Environmental factors directly affecting task performance, such as the
contexts in which the occupational performance issues take place, and task factors, for
example those related to the properties of the objects being used, were also considered
(CAOT, 2002).
Stage four: In stage four, the child and family’s strengths and resources are
identified. Again, this is individual to each child and their unique family situation
(CAOT, 2002). Family resources could include support from extended family or
assistance at childcare. Clinician strengths include knowledge of evidence based
measurement tools and intervention models. Strengths for young children with unilateral
CP may include motivation to do the identified task and temperament of the child.
Strengths can also be identified through the information gathered in the assessment
process (CAOT, 2002).
At this stage, strengths of the child identified in the COPM interview were
considered. Additionally, the results of Mini-AHA testing were also used to inform
assisting hand actions that are currently effectively used to assist in bimanual play
performance.
Stage five: In stage five, targeted outcomes, or what the family want to achieve,
are specified and formulated with the family and an action plan to achieve the goals is
developed (CAOT, 2002). The action plan can include strategies for enabling change in
occupational performance components and/or changing environmental conditions. The
action plan can also incorporate strengths identified in stage four that may help achieve
the desired outcome (CAOT, 2002; Law et al., 2011). At this stage, an action plan for
the two children was formulated. These action plans first stated the agreed targeted
outcomes using specific, measureable, acceptable, relevant and time-related (SMART)
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terms (Steenbeck, Ketelaar, Galama, & Gorter, 2007). Then, strengths of the child that
may assist achievement of these outcomes were included, as well as actions of the
affected hand identified by Mini-AHA testing that should be encouraged to achieve the
desired outcome.
Stage six: In this stage, the plan is implemented through meaningful occupation
relevant for the child and the identified issue. One strategy to achieve this is to select
activities that are close to the child’s current ability levels and then gradually adapt the
activity to enable progress (CAOT, 2002). At this stage, information from the different
scoring levels of the Mini-AHA test items, and the level achieved by the individual child
were used to select and adapt occupationally relevant activities.
Stage seven: In stage seven, the occupational performance outcomes are
reviewed to determine the effectiveness of the assessment and intervention process
(CAOT, 2002). If targeted outcomes are achieved, services can be stopped. However, if
continuation of the process is considered beneficial then parts of the process can be
repeated (CAOT, 2002). At this stage the COPM was repeated to evaluate whether the
desired outcomes were achieved and the need for ongoing intervention was considered.
8.2 Results
8.2.1 Stage 1: Occupational Performance Issues
Interviewing the families using the COPM identified two occupational
performance issues that were affected by upper limb performance for each child. Joe’s
family identified that Joe had difficulty playing with or exploring toys which required the
use of both hands, and that he also had difficulty holding his bottle with both hands to
drink during mealtimes. When Joe held the bottle with one hand, it often slipped and
was dropped.
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Jane’s mother said that Jane could not hold a box of dried fruit with her affected
hand while using her preferred hand to pick the fruits out of the box to eat them.
Because she could not hold onto the box, it often fell over and the fruit fell on the floor.
A second occupational performance issue concerned her ability to build successfully with
building blocks. Although Jane tried to hold the blocks with her affected hand, this was
difficult and they often slipped, or the awkward way that she held them meant that
connecting them was often not successful. Playing with building blocks was an activity
Jane enjoyed with her older brother. The parent’s rating of performance and satisfaction
for the two identified occupational performance issues for Joe and Jane are in Table 8.1.

Table 8.1.
Parents rating of performance and satisfaction pre- and post-intervention on the two
identified occupational performance issues for Joe and Jane using the COPM.
Occupational Performance Issue

Pre-Intervention
Performance

Post-Intervention

Satisfaction

Performance

Satisfaction

2

2

4

4

Joe: Holding a bottle during mealtimes

1

1

6

7

Jane: Using both hands when eating

3

2

8

9

4

4

7

7

Joe: Playing with and exploring toys
with both hands

dried fruit
Jane: Successful play with building
blocks
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8.2.2 Stage 2: Selecting Theoretical Approaches
Three theoretical approaches were identified within this stage. Firstly, as the
OPPM is a practice model that sits within a client-centred framework (CAOT, 2002), a
client-centred approach was used both in assessment and intervention stages. For
therapists working with young children, a client-centred framework is extended to
include the family who are considered as being integral partners in decision-making and
intervention processes (Rosenbaum, King, Law, King, & Evans, 1998). A theoretical
approach that is being increasingly used to consider motor skill development in young
children with CP is dynamic systems theory (Darrah & Bartlett, 1995; Zwicker & Harris,
2009). Proposals from this theory include the importance of encouraging new motor
behaviours that the child is trying to achieve (Law et al., 1998; Suave & Bartlett, 2010),
and that for children with atypical motor development, achievement of functional
movement strategies are more important than “typical” movement strategies (Darrah &
Bartlett, 1995). Finally, a task-oriented approach was also selected (Eliasson, 2005;
Mathiowetz & Bass-Haugen, 1994). This approach emphasizes the interrelatedness of
client, task and environmental factors on performance of an identified activity. The key
premise in this approach is that you learn what you practice (Eliasson, 2005; Preissner,
2010). In a task oriented approach, one of the first steps is to identify the reasons why
the child is having difficulty performing the desired occupation (Eliasson, 2005).
8.2.3 Identify Occupational Performance Components Impacting Performance
In this stage, relevant components that were affecting achievement of the
occupational performance issue were assessed. Observation of Joe and Jane completing
their two identified occupational performance tasks was undertaken. For both children
difficulty using their affected hand cooperatively with their well-functioning hand was
identified as one of the main performance components affecting the success of their
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desired tasks. The Mini-AHA was used at this point to assess this child related
component. These results will be discussed separately for each child.
Child One: Joe. Figure 8.2 shows Joe’s result on the hierarchically ordered
outcome form. These results were used to identify the specific object related assisting
hand actions that were impacting his ability to complete his identified occupational
performance issues. The predominance of red items showed that Joe rarely used his
affected hand in cooperation with his well-functioning hand to perform bimanual tasks.
This was also reflected in his poor use of his affected hand when playing with toys and
holding his bottle during mealtimes. Joe did not use his affected hand to grasp objects to
assist during bimanual play tasks (level 1 for all grasp items). On the few occasions that
he did use two hands to play with a toy, he stabilised the object by using his affected arm
as a weight or support, or used his fisted hand placed on top or to the side of the toys
(level 2 on the item stabilises by weight or support). For example, when picking up a
large ball his affected hand was fisted while his preferred hand grasped the ball.
However, Joe did not use this strategy when holding his bottle during mealtimes. This
may be because stabilising toys or objects this way was difficult for Joe and they often
slipped (level 2 for stabilises by weight or support). Joe did not initiate attempts to hold
objects in the hand (level 1 for initiates use). However, objects were held if they were
placed in his affected hand by another person (level 2 on holds). This may be an
effective strategy to encourage initial awareness of toys and other play objects.
Difficulty with self-initiated grasp is also indicated by a score of 1 on the item grasps
from an easy position. Even when objects were held close to Joe’s hand, he did not
attempt to grasp them. Task practice with easy to grasp objects held close to the hand
may encourage this skill.

most
4

Ho lds a few o bjects that are particularly easy to ho ld (self-initiated), o r ho lds with passive grip Has placed the o bjects in the hand o n his/her o wn.

3

x

Ho lds (actively o r passively) o bjects that are placed in the A H by o thers o r o nly ho lds o bjects o n verbal instructio n.

2

2

Do es no t ho ld o bjects that are placed in the hand o r refuses to have o bjects placed in the A H o r do es no t ho ld o n verbal instructio n.

1

The A H/arm is mo st o ften in co ntact with the o bjecs to stabilize, suppo rt o r ho ld.

4

The A H/arm mo st o ften to uches the o bjects, but witho ut ho lding o r stabilizing them.

3

The A H/arm is activated, held in the air and mo ved to wards, but do es mo st o ften no t to uch the o bjects.

2

H o lds

C o nt a c t wit h
o bje c t s

G ra s ps f ro m a n
e a s y po s it io n

S t a bilize s by
we ight o r
s uppo rt

1

Grasps easily and co nsistently when o bjects are presented in an easy to grasp po sitio n. Or, has mo re advanced grasping ability, e.g. also grasps
directly fro m the table.

4

Grasps o ften, but no t always o bjects that are presented in an easy to grasp po sitio n. M ay make a few attempts to grasp befo re succeeding.

3

Grasps o n a few o ccasio ns o bjects that are presented fro m an easy to grasp po sitio n, o r grasps o nly o n physical pro mpt, o r grasps by chance, o r
tries to grasp but do es no t succeed.

2

x

Do es no t try to grasp o bjects presented fro m an easy to grasp po sitio n, o r tries to grasp o n single o ccasio n.

1

1

The o bjects are stabilized effectively o n the table o r against the bo dy by using the hand (witho ut grip), wrist o r arm as weight o r suppo rt. Or, the child
almo st always uses grip fo r stabilizatio n.

4

Questio nable whether the o bjects are effectively stabilized by weight o r suppo rt.

3

Stabilises o bjects with so me difficulty o r effo rt. A number o f o bjects may slip o r slide.

2

Do es no t stabilize o bjects using weight o r suppo rt, i.e. o bjects mo st o ften slip, o r tries to stabilize but mo stly do es no t succeed.

1

A lways uses the A H/arm in activities when it is natural o r advantageo us to use bo th hands.

4

Uses the A H/arm mo st o ften but no t always in activities when it is natural o r advantageo us to use bo th hands.

3

Uses the A H/arm so metimes, but (mo st) o ften no t when it is natural o r advantageo us to use bo th hands.

2

M o v e s f inge rs

Do es no t use the A H/arm where it is natural o r advantageo us to use bo th hands.

1

Easily and o ften uses varied po sitio ns o f the upper arm with a large and equilateral range.

4

Often uses varied po sitio ns o f the upper arm within a large range but no t equilaterally.

3

Seldo m uses varied po sitio ns o f the upper arm and/o r within a small range, o r mo ves the upper arm within a relatively large range but o n single
o ccasio n.

2

Do es no t change the po sitio n o f the upper arm o r o n a single o ccasio n changes the po sitio n o f the upper arm.

1

Often and easily mo ves the fingers actively, extends and flexes fingers fully and o ppo ses thumb.

4

Often mo ves the fingers actively, but po ssibly no t with a full range o f mo vement, e.g. do es no t extend the thumb fully.

3

Seldo m mo ves the fingers actively o r has difficulties mo ving the fingers, e.g. has difficulties flexing o r extending the fingers, mo ves the fingers with a
limited range o f mo vement.

2

Do es no t actively mo ve the fingers, e.g., keeps the hand fisted o r o pen and flaccid, o r the fingers hyper extended, o r actively changes finger po sitio n
o n single o ccasio n.

1

Easily uses equilateral and varied fo rearm po sitio ns within a large within a large and equilateral range.

4

Uses varied po sitio ns o f the fo rearm within a large range, i.e., supinates and pro nates mo re than midway but no t equilaterally.

3

Small variatio n o f the po sitio n o f the fo rearm, e.g. do es no t supinate mo re than midway o r do es no t pro nate fully.

2

Do es no t change the po sitio n o f the fo rearm, o r o n single o ccasio n changes the po sitio n o f the fo rearm.

1

The o bjects are held stable in the hand thro ugh efficient stabilizatio n by using grip.

4

Questio nable whether the o bjects are held stable in the hand. The grip is po ssibly no t quite efficient but the perfo rmance is no t affected, i.e. the
o bjects do no t slip o r glide.

3

So me difficulty, delay and/o r increased effo rt to stabilise the o bjects with grip. The o bjects so metimes slip o r are dro pped, o r stabilisatio n is
co mbined with mo vements to wards the bo dy.

2

M o v e s f o re a rm

S t a bilize s by
gra s p

R e a c he s

Do es no t stabilise with grasp, i.e., mo st o ften dro ps the o bjects o r do es mo st o ften no t grasp with the A H.

1

Reaches fo r the o bjects successfully within no rmal reach including fo rward and to the sides. Reaches equally o ften with A H as with DH.

4

Reaches fo r the o bjects but perhaps no t within a no rmal reaching range. Or seldo m reaches with A H/arm but when so , reaches with full range.

3

Difficulty reaching the o bjects. Inefficient, limited reaching, co mpensato ry mo vements are no t eno ugh to reach the o bjects. Or seldo m reaches fo r
the o bjects and when so , no t equilaterally.

2

Do es no t reach o r do es no t try to reach fo r the o bjects.

1

Spo ntaneo usly, mo st o ften initiates use o f the A H/arm as quickly as the DH, even when it is no t necessary fo r co mpletio n o f the task.

4

Slight delay in initiating use o f the A H/arm. M o st o ften the DH to uches the o bjects first, the A H/arm is used with a delay that do es no t o bvio usly
affect the activity o utco me.

3

M o st o ften initiates use o f the A H after a lo ng time that delays perfo rmance, o r o nly after a verbal request o r when the o bjects are handed directly to
the A H.

2
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3

M o st o ften no indicatio n o f using the A H, e.g., the hand is held in the air, still o n the table o r under the table.

A m o unt o f us e

M o v e s uppe r
a rm

often

Mini-AHA
Mini Assisting Hand Assessment, English version 2.0
Ho lds mo st kinds o f o bjects (self-initiated), clo ses fingers actively aro und the o bjects, has placed the o bject in the hand o n her/his o wn.

2

2

2

2

2

1

1

Init ia t e s us e

Do es mo stly no t initiate use o f the A H.

1

Objects are released with ease, o ften to the table but also to the P H o r to the therapist, o r, to the table by easily letting it dro p o r thro wing it away in a
vo luntary manner.

4

Objects are mo st o ften released with slight slo wness, so me awkwardness o r effo rt, either to the table, to the P H o r to the therapist.

3

Objects are mo st o ften released with difficulty, and the release is slo w.

2

1

R e le a s e s

F lo w in
bim a nua l t a s k
pe rf o rm a nc e

M o st o ften the o bject is pulled fro m the A H with so me effo rt, o r invo luntarily dro ps the o bjects, o r do es no t ho ld o bjects and therefo re do es no t
release.

1

B imanual tasks are perfo rmed independently, easily and successfully, and are no t affected by po ssible mo vement restrictio ns.

4

B imanual tasks are perfo rmed independently and successfully but are mildly affected by limited functio n in the assisting hand/arm.

3

B imanual tasks are mo stly perfo rmed independently and successfully but with increased effo rt, o r so me slo wness o r difficulty due to limited
functio n/structure in A H/arm.

2

B imanual tasks are mo stly no t perfo rmed independently and successfully due to limited functio n/structure in A H/arm, o r tasks that require bimanual
ability are mo stly no t perfo rmed.

1

Often, easily and auto matically re-grasps o bjects, o ften readjusts grip.

4

Questio nable ability o r slight delay in changing/readjusting grip, but changes grip relatively o ften.

3

Seldo m re-grasps an o bject o r has difficulties in changing/readjusting grip. M o st o ften ho lds the o bjects with the same grip thro ugho ut the task.

2

1

1

R e a djus t s gra s p

S ym m e t ric a l
a rm / ha nd us e

A djus t s a rm
po s it io n t o
gra s p

G ra s ps ( o bje c t
lo c a t io n)

V a rie s t ype o f
gra s p

C ho o s e s A H
whe n c lo s e r t o
o bje c t s

B im a nua l
m a nipula t io n

Do es no t change/readjust grip even tho ugh it is ineffective, which results in breakdo wn o f so me task, o r do es mo st o ften no t use grip.

1

B o th hands mo st o ften ho ld o bject(s) simultaneo usly with equal quality o f grasp. A nd, the A H/arm mo st o ften perfo rms symmetrical mo vements
with an equal range and frequency

4

B o th hands ho ld the o bject/s, but the A H may ho ld with a so mewhat awkward grasp. Or, the assisting A H/arm uses symmetrical mo vements with a
so mewhat smaller range and/o r less frequency than the o ther hand.

3

The A H hand ho lds the o bject awkwardly, o r ho lds the o bject briefly, o r do es no t ho ld but suppo rts the o bject while the o ther hand is ho lding. Or, the
A H/arm is held still, o r mo ves within in a small range during symmetrical mo vements.

2

The A H is mo st o ften no t used.

1

A djusts the arm/hand po sitio n co nsistently and auto matically when grasping o r stabilising depending o n the nature o f the task and shape, size and
o rientatio n o f the o bjects

4

Questio nable if the arm/hand po sitio n is adjusted (efficiently). A djustments are seen, but no t co nsistently o r no t to the desirable po sitio n, o r is
so mewhat slo w to achieve an effective o rientatio n

3

Seldo m o r inefficiently varies the po sitio n o f the hand/arm which may results in an awkward o rientatio n o f the o bject in the hand o r unstable o r
inefficient grasp. Or, adjust the po sitio n o f the arm o nly after having to uched the o bject.

2

Do es no t adjust the po sitio n o f the hand when grasping o r trying to grasp, o r when attempting to grasp, the po sitio n o f the hand makes grasping
unsuccessful, o r do es no t grasp.

1

M o st o ften grasps o bjects o f different shapes and sizes fro m the table, auto matically and with ease. M ay no t use perfect precisio n.

4

M o st o ften grasps o bjects fro m the table but with so me effo rt, delay o r slo w mo vements. Or grasps (>2) o bjects fro m table but mo st o ften grasps
fro m P H.

3

A lmo st always grasps o bjects fro m the P H, o r grasps o bjects that are held by ano ther perso n.

2

M o st o ften places o bjects in the hand by using the DH, o r, o pens the hand passively by using the o bjects, the o ther hand, o r ano ther perso n, o r do es
no t keep o bjects in the hand.

1

Use age appro priate grasps patterns adjusted to the nature o f the tasks and the shape and size o f the o bjects

4

Uses mo st age appro priate grasp patterns, the grasps so metimes lo o k slightly awkward.

3

Has stereo typed grasps, atypical grasps o r lacks the ability to use certain grasps.

2

M o st o ften no t grasp, o r may try to grasp, but with o ne stereo typed grasp and ho w the o bject is po sitio ned is quite rando m and inefficient.

1

Uses the A H/arm auto matically when it is clo ser to the o bjects even if the DH co uld have been used.

4

With so me hesitatio n, slight difficulty o r delay, uses the A H to handle o bjects placed o n the A H side.

3

Uses the A H to handle o bjects placed o n the A H side, but with difficulty.

2

A lways use the P H to handle o bjects o n the A H side, o r tries to use A H but do es no t succeed, o r o nly to uches the o bject, o r igno res o bjects o n A H
side

1

Uses bo th hands equally and interchangeably fo r bo th ho lding and manipulating.

4

Uses bo th hands to bo th ho ld and manipulate, but the assisting hand is mo st o ften used fo r ho lding and o nly so metimes used fo r manipulating. A ND,
the A H manipulates o bjects with slightly less quality o f mo vement.

3

The A H always ho lds o r stabilizes o bjects while the preferred hand do es an actio n to the o bject. Or the assisting hand manipulates o bjects that are
held by the o ther hand o n single o ccasio n.

2

The A H is mo st o ften no t used.

1

Name:

Sum score

1

1

1

1

1

1

1
28

Figure 8.2: Hierarchically ordered items and scores for Joe. ‘x’ indicates actions observed but not typical.
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Joe scored at level 2 on some movement items (moves upper arm, moves forearm,
moves fingers) indicating that movements of the upper limb and hand occurred within a
small range. Encouraging goal directed movement of his affected arm and hand towards
objects to touch them, stabilise them or grasp them would encourage functional use of
these movements. Joe had difficulty performing all other assisting hand actions.
Child Two: Jane. Figure 8.3 shows Jane’s result on the hierarchically ordered
outcome form. These results were used to identify the specific object related assisting
hand actions that were impacting her ability to eat fruit from a box and build with blocks.
While Jane usually used her affected hand to complete bimanual tasks (level 3 on
amount of use), she didn’t always initiate this use quickly and sometimes did not use her
affected hand even when required (level 2 on initiates use). Reluctance to use her
affected hand was evident when she did not use her affected hand to grasp the fruit box
resulting in the box falling over and the fruit ending on the floor. Jane usually used grasp
to hold toys (level 2 for grasp items), but her grip was awkward (level 2 for varies
grasp), she did not always adjust her arm well to grasp (level 2 for adjusts arm position
to grasp), and the objects sometimes slipped or were dropped (level 2 for stabilises by
grasp). Difficulties holding toys steady and using an effective grip with her affected
hand, as well as difficulty adjusting the position of the toys were impacting her ability to
hold and play with Duplo blocks with her brother. Difficulty adjusting her arm to grasp
effectively and to move her forearm though a larger range (level 2 on moves forearm)
were affecting her ability to hold the box of dried fruit and position it so that she could
easily eat the fruit with her preferred hand. Jane let go of toys with her affected hand
with some difficulty (level 2 on releases), and she did not often readjust her grip or
transfer toys to make them more accessible for manipulating with her preferred hand
(level 2 on readjusts grasp). Again this was impacting successful play with the building

most

Ho lds mo st kinds o f o bjects (self-initiated), clo ses fingers actively aro und the o bjects, has placed the o bject in the hand o n her/his o wn.

4

Ho lds a few o bjects that are particularly easy to ho ld (self-initiated), o r ho lds with passive grip Has placed the o bjects in the hand o n his/her o wn.

3

Ho lds (actively o r passively) o bjects that are placed in the A H by o thers o r o nly ho lds o bjects o n verbal instructio n.

2

often

Mini-AHA
Mini Assisting Hand Assessment, English version 2.0

4
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H o lds

C o nt a c t wit h
o bje c t s

G ra s ps f ro m a n
e a s y po s it io n

S t a bilize s by
we ight o r
s uppo rt

Do es no t ho ld o bjects that are placed in the hand o r refuses to have o bjects placed in the A H o r do es no t ho ld o n verbal instructio n.

1

The A H/arm is mo st o ften used to stabilize, suppo rt o r ho ld the o bjects.

4

The A H/arm mo st o ften to uches the o bjects, but witho ut ho lding o r stabilizing them.

3

The A H/arm is activated, held in the air and mo ved to wards, but do es mo st o ften no t to uch the o bjects.

2

M o st o ften no indicatio n o f using the A H, e.g., the hand is held in the air, still o n the table o r under the table.

1

Grasps easily and co nsistently o bjects presented in an easy to grasp po sitio n, o r has mo re advanced grasping skills

4

Grasps o ften but no t always o bjects that are presented in an easy to grasp po sitio n. M ay make a few attempts befo re succeeding

3

Grasps o n a few o ccasio ns, o r grasps o n phsyical pro mpt, o r grasps by chance, o r tries to grasp but do es no t succeed when o bjects in an easy to
grasp po sitio n

2

Do es no t try to grasp o bjects in an easy to grasp po sitio n, o r tries to grasp o n a single o ccasio n

1

The o bjects are stabilized effectively o n the table o r against the bo dy by using the hand (witho ut grip), wrist o r arm as weight o r suppo rt. Or, the child
almo st always uses grip fo r stabilizatio n.

4

Questio nable whether the o bjects are effectively stabilized by weight o r suppo rt.

3

Stabilises o bjects with so me difficulty o r effo rt. A number o f o bjects may slip o r slide.

2

Do es no t stabilize o bjects using weight o r suppo rt, i.e. o bjects mo st o ften slip, o r tries to stabilize but mo stly do es no t succeed.

1

A lways uses the A H/arm in activities when it is natural o r advantageo us to use bo th hands.

4

Uses the A H/arm mo st o ften but no t always in activities when it is natural o r advantageo us to use bo th hands.

3

Uses the A H/arm so metimes, but (mo st) o ften no t when it is natural o r advantageo us to use bo th hands.

2

A m o unt o f us e

M o v e s uppe r
a rm

M o v e s f inge rs

Do es no t use the A H/arm where it is natural o r advantageo us to use bo th hands.

1

Easily and o ften uses varied po sitio ns o f the upper arm with a large and equilateral range.

4

Often uses varied po sitio ns o f the upper arm within a large range but no t equilaterally.

3

Seldo m uses varied po sitio ns o f the upper arm and/o r within a small range, o r mo ves the upper arm within a relatively large range but o n single
o ccasio n.

2

R e a c he s

4

4

3

3

Do es no t change the po sitio n o f the upper arm o r o n a single o ccasio n changes the po sitio n o f the upper arm.

1

Often and easily mo ves the fingers actively, extends and flexes fingers fully and o ppo ses thumb.

4

Often mo ves the fingers actively, but po ssibly no t with a full range o f mo vement, e.g. do es no t extend the thumb fully.

3

3

Seldo m mo ves the fingers actively o r has difficulties mo ving the fingers, e.g. has difficulties flexing o r extending the fingers, mo ves the fingers with a
limited range o f mo vement.

2

x

Do es no t actively mo ve the fingers, e.g., keeps the hand fisted o r o pen and flaccid, o r the fingers hyper extended, o r actively changes finger po sitio n
o n single o ccasio n.

1

Easily uses equilateral and varied fo rearm po sitio ns within a large within a large and equilateral range.

4

Uses varied po sitio ns o f the fo rearm within a large range, i.e., supinates and pro nates mo re than midway but no t equilaterally.

3

Small variatio n o f the po sitio n o f the fo rearm, e.g. do es no t supinate mo re than midway o r do es no t pro nate fully.

2

Do es no t change the po sitio n o f the fo rearm, o r o n single o ccasio n changes the po sitio n o f the fo rearm.

1

The o bjects are held stable in the hand thro ugh efficient stabilizatio n by using grip.

4

Questio nable whether the o bjects are held stable in the hand. The grip is po ssibly no t quite efficient but the perfo rmance is no t affected, i.e. the
o bjects do no t slip o r glide.

3

x

So me difficulty, delay and/o r increased effo rt to stabilise the o bjects with grip. The o bjects so metimes slip o r are dro pped, o r stabilisatio n is
co mbined with mo vements to wards the bo dy.

2

2

Do es no t stabilise with grasp, i.e., mo st o ften dro ps the o bjects o r do es mo st o ften no t grasp with the A H.

1

Reaches fo r the o bjects successfully within no rmal reach including fo rward and to the sides. Reaches equally o ften with A H as with DH.

4

Reaches fo r the o bjects but perhaps no t within a no rmal reaching range. Or seldo m reaches with A H/arm but when so , reaches with full range.

3

Difficulty reaching the o bjects. Inefficient, limited reaching, co mpensato ry mo vements are no t eno ugh to reach the o bjects. Or seldo m reaches fo r
the o bjects and when so , no t equilaterally.

2

Do es no t reach o r do es no t try to reach fo r the o bjects.

1

Spo ntaneo usly, mo st o ften initiates use o f the A H/arm as quickly as the DH, even when it is no t necessary fo r co mpletio n o f the task.

4

Slight delay in initiating use o f the A H/arm. M o st o ften the DH to uches the o bjects first, the A H/arm is used with a delay that do es no t o bvio usly
affect the activity o utco me.

3

M o st o ften initiates use o f the A H after a lo ng time that delays perfo rmance, o r o nly after a verbal request o r when the o bjects are handed directly to
the A H.

2

Do es mo stly no t initiate use o f the A H.

1

Objects are released with ease, o ften to the table but also to the P H o r to the therapist, o r, to the table by easily letting it dro p o r thro wing it away in a
vo luntary manner.

4

Objects are mo st o ften released with slight slo wness, so me awkwardness o r effo rt, either to the table, to the P H o r to the therapist.

3

x

Objects are mo st o ften released with difficulty, and the release is slo w.

2

2

M o st o ften the o bject is pulled fro m the A H with so me effo rt, o r invo luntarily dro ps the o bjects, o r do es no t ho ld o bjects and therefo re do es no t
release.

1

B imanual tasks are perfo rmed independently, easily and successfully, and are no t affected by po ssible mo vement restrictio ns.

4

B imanual tasks are perfo rmed independently and successfully but are mildly affected by limited functio n in the assisting hand/arm.

3

B imanual tasks are mo stly perfo rmed independently and successfully but with increased effo rt, o r so me slo wness o r difficulty due to limited
functio n/structure in A H/arm.

2

B imanual tasks are mo stly no t perfo rmed independently and successfully due to limited functio n/structure in A H/arm, o r tasks that require bimanual
ability are mo stly no t perfo rmed.

1

Often, easily and auto matically re-grasps o bjects, o ften readjusts grip.

4

Questio nable ability o r slight delay in changing/readjusting grip, but changes grip relatively o ften.

3

Seldo m re-grasps an o bject o r has difficulties in changing/readjusting grip. M o st o ften ho lds the o bjects with the same grip thro ugho ut the task.

2

Do es no t change/readjust grip even tho ugh it is ineffective, which results in breakdo wn o f so me task, o r do es mo st o ften no t use grip.

1

B o th hands mo st o ften ho ld o bject(s) simultaneo usly with equal quality o f grasp. A nd, the A H/arm mo st o ften perfo rms symmetrical mo vements
with an equal range and frequency

4

B o th hands ho ld the o bject/s, but the A H may ho ld with a so mewhat awkward grasp. Or, the assisting A H/arm uses symmetrical mo vements with a
so mewhat smaller range and/o r less frequency than the o ther hand.

3

x

The A H hand ho lds the o bject awkwardly, o r ho lds the o bject briefly, o r do es no t ho ld but suppo rts the o bject while the o ther hand is ho lding. Or, the
A H/arm is held still, o r mo ves within in a small range during symmetrical mo vements.

2

2

The A H is mo st o ften no t used.

1

A djusts the arm/hand po sitio n co nsistently and auto matically when grasping o r stabilising depending o n the nature o f the task and shape, size and
o rientatio n o f the o bjects

4

Questio nable if the arm/hand po sitio n is adjusted (efficiently). A djustments are seen, but no t co nsistently o r no t to the desirable po sitio n, o r is
so mewhat slo w to achieve an effective o rientatio n

3

Seldo m o r inefficiently varies the po sitio n o f the hand/arm which may results in an awkward o rientatio n o f the o bject in the hand o r unstable o r
inefficient grasp. Or, adjust the po sitio n o f the arm o nly after having to uched the o bject.

2

Do es no t adjust the po sitio n o f the hand when grasping o r trying to grasp, o r when attempting to grasp, the po sitio n o f the hand makes grasping
unsuccessful, o r do es no t grasp.

1

M o st o ften grasps o bjects o f different shapes and sizes fro m the table, auto matically and with ease. M ay no t use perfect precisio n.

4

M o st o ften grasps o bjects fro m the table but with so me effo rt, delay o r slo w mo vements. Or grasps (>2) o bjects fro m table but mo st o ften grasps
fro m P H.

3

A lmo st always grasps o bjects fro m the P H, o r grasps o bjects that are held by ano ther perso n.

2

M o st o ften places o bjects in the hand by using the DH, o r, o pens the hand passively by using the o bjects, the o ther hand, o r ano ther perso n, o r do es
no t keep o bjects in the hand.

1

Use age appro priate grasps patterns adjusted to the nature o f the tasks and the shape and size o f the o bjects

4

Uses mo st age appro priate grasp patterns, the grasps so metimes lo o k slightly awkward.

3

Has stereo typed grasps, atypical grasps o r lacks the ability to use certain grasps.

2

M o v e s f o re a rm

S t a bilize s by
gra s p

4

2

2

Init ia t e s us e

R e le a s e s

F lo w in
bim a nua l t a s k
pe rf o rm a nc e

R e a djus t s gra s p

S ym m e t ric a l
a rm / ha nd us e

A djus t s a rm
po s it io n t o
gra s p

G ra s ps ( o bje c t
lo c a t io n)

V a rie s t ype o f
gra s p

C ho o s e s A H
whe n c lo s e r t o
o bje c t s

B im a nua l
m a nipula t io n
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1
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4

With so me hesitatio n, slight difficulty o r delay, uses the A H to handle o bjects placed o n the A H side.

3
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2
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side

1
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4
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3
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2

The A H is mo st o ften no t used.

1

Name:

Sum score

2

2

2

2

2

2

1

2
52

Figure 8.3: Hierarchically ordered items and scores for Jane. ‘x’ indicates action observed but not typical.
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blocks. Although she could move her upper arm freely, she did not often or easily reach
for toys with her affected arm/hand (level 2 on reaches).
8.2.4 Stage 4: Identify child and family strengths and resources
The Mini-AHA test items that indicated strengths were those scored at an
effective level (green on the ordered outcome form) or those scored with an ‘x’ at a
higher level indicating that the child was attempting to try, or occasionally using this
action. This may indicate that the child is ready to transition to a more skilled motor
behaviour (Suave & Bartlett, 2010). Child and family strengths were also identified by
the family during stage 1.
Joe: Joe scored at level 3 (green) representing effective hand use for one item,
contact with objects on the ordered outcome form. A score at this level indicated that
when Joe did use his affected hand during bimanual tasks, he sometimes moves his hand
towards objects to touch them, and he sometimes stabilised objects but without grasping
them. The ‘x’s on the items holds and grasps from an easy position indicated that Joe
would hold objects placed in his hand, and that Joe occasionally made self- initiated
attempts to grasp easy-to-grasp objects held close to his hand.
In conjunction with his family, strengths and resources were identified that may
assist achievement of the desired occupational performance goal. Joe’s particular
strength was that he enjoyed interacting with his family and that was generally good
natured. He did not mind when his parents encouraged his play with both hands. Joe was
also part of a large extended family who were keen to help. These strengths were
incorporated into his intervention plan.
Jane: The ordered outcome form helped identify assisting hand actions that Jane
was using effectively. Jane spontaneously used her assisting hand to complete many of
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the bimanual tasks in the Mini-AHA play session, even if she was sometimes slow to
initiate this use. In addition, Jane held a variety of objects in her affected hand, and
predominantly used grasp to handle toys. Grasping objects in the affected hand is a more
effective way for children to stabilise (particularly small) objects than using the arm or a
fisted hand.
Jane’s family identified that her favourite snack was dried fruit and that she was
motivated to try to eat them, and thus this activity would provide plenty of opportunity
for practice. Jane’s good receptive language skills and cognition allowed simple verbal
instruction to be provided to help guide the desired task performance. An additional
strength was that she really enjoyed playing with her brother and wanted to do similar
play tasks as he did. Jane’s day care placement had an assistant to help Jane when she
attended. They were keen to assist with Jane’s intervention program.
8.2.5 Develop targeted outcomes and an intervention plan based within the child’s
daily routines
Table 8.2 displays an outline of the intervention plan formulated for Joe and Jane.
The intervention plans aimed to achieve the identified targeted outcomes that were based
on the children’s identified occupational performance issues. These outcomes were
described using SMART terms (Steenbeck et al., 2007). Child and family strengths as
well as actions of the affected hand that were impacting performance of the desired
outcomes identified in stages 3 and 4 are described in the table. Suggestions for graded
intervention strategies to be incorporated into the child’s daily routine to improve the
identified object related hand actions were provided. These intervention strategies
included specific ideas to achieve the targeted outcome as well as ideas to be encouraged
during daily play routines to help this achievement (see Table 8.2). The two intervention
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Table 8.2:
Intervention plans
Intervention plan for Joe

Targeted
outcomes

Strengths of the child

Targeted actions of the
assisting hand to help with
achievement of occupational
performance issues

Examples of intervention strategies graded to the child’s level and implemented during
the child’s daily routines

Following initial
assistance, Joe
will maintain
stabilisation of
his bottle with
his affected
hand during
mealtimes

Joe is a happy child, who
enjoys interacting with
his family and does not
mind having objects
placed in his hand

Increase frequency and use of
stabilisation of objects by using
hand or arm (without grip)

Task analysis to determine which feeding bottle is more likely to enable stabilisation without
using grasp. Identify daily routines when practice can occur

Joe attempts to contact
objects using his affected
hand by touching them
and sometimes stabilising
them without using grasp
during bimanual play.

Increase self-initiated holding of
easy to hold objects

Increase the number of times objects are held by Joe by often placing objects in his hand,
and showing Joe how he can place objects in his hand.

Encourage early grasping skills
by placing objects in an easy to
grasp position

Hold very easy to hold objects (e.g. beads, squishy toys, thin rattles) very close to Joe’s hand
to encourage self-initiated grasping. Do this often throughout the day

Joe does move his arm
and fingers within a small
range

Encourage increased contact
with objects by touching them,
stabilising them with weight (or
even grasping them)

Introduce many games throughout the day which involve self-initiated use of his affected
hand e.g. to push a ball or a car, to activate a switch toy, to collapse towers of blocks, to bat
at a balloon, to spread finger paint or shaving cream

Joe will grasp
easy to grasp
objects held
close to his
affected hand
during bimanual
play

Joe’s extended family are
keen to assist

Identify a range of fun strategies for using stabilisation without grasp (e.g. catching a ball,
holding a large teddy)
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Table 8.2 (continued):
Intervention plans

Intervention plan for Jane

Targeted
outcomes

Strengths of the child

Targeted actions of the
assisting hand to help with
achievement of occupational
performance issues

Examples of intervention strategies graded to the child’s level and implemented during
a child’s daily routines

Jane will use her
affected hand to
hold the packet
of dried fruit
during snack
times without
prompting

Dried fruit are Jane’s
favourite snack

Increase speed of initiation of
use for holding the packet of
fruit

Encourage a routine of picking up the fruit packet with her preferred hand and immediately
transferring it to her affected hand. Practice this routine.

Jane will orient
blocks correctly
when putting
them together
Jane will rarely
(<2 times) drop
blocks

Jane is very motivated to
play with her brother
Jane does use both hands
frequently to play with
objects
Jane uses grasp to hold
objects
Receptive language
/cognitive capacity
Day care can support
intervention program

Encourage speed of initiation of use of the affected hand in other daily play tasks. For
example catching a rolling ball (big and small) or catching toys on wheels that need to be
caught quickly. Other speed games such as clapping games, banging drums,
Improve ability to orient arm to
more appropriately to grasp
building blocks and packet of
fruit

Encourage Jane to readjust
objects so that they are held
stably in her hand or are in a
more effective position for the
play task

Consider botulinum toxin type A injections targeted at muscle groups impacting
performance.
Use verbal cues to feedback how Jane is holding the packet of fruit and blocks
Activities to encourage different forearm orientations e.g. upright toys, catching a ball,
holding a tin with affected hand and posting objects with preferred hand.
Practice transferring and readjusting building blocks between hands. Encourage these
actions with her older brother.
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plans were implemented over an eight week period, and the success of the plans to
achieve the identified targeted outcomes were reviewed.
8. 2.6 Evaluate Occupational Performance Outcomes
Achievement of the targeted outcomes, as measured by the COPM through
parent’s perception of improvement in performance of the original occupation
performance issue and their satisfaction with that performance, were reviewed following
the intervention program.
Joe: At the end of 8 weeks, Joe had begun to grasp objects that were held close to
his hand and then continued to play with them bimanually, demonstrating that he had
achieved the first targeted outcome. Generally, Joe incorporated his affected hand more
frequently during play and Joe’s parents scored both his COPM performance and
satisfaction scores for play with toys as 4. Initially a feeding bottle that was easy for Joe
to stabilise with his affected hand was used. However, when he began to grasp play
objects with his affected hand, a feeding bottle with thin handles was used at mealtimes
instead. Joe’s COPM scores for performance and satisfaction for holding his bottle with
two hands both increased to 6 and 7 respectively.
Jane: Jane also improved in her identified goals and by 8 weeks she no longer
required prompting to hold the box of fruit in her affected hand during snack time, and
she could hold the box in a better position for access to the fruit with her preferred hand.
Jane’s mother scored her occupational performance for using her affected hand when
eating dried fruit as 8 for performance and 9 for satisfaction. Play with building blocks
also improved. She could grasp the blocks more successfully, orient them so that they
could be pushed together, and she rarely dropped them. Jane achieved her targeted
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outcome and her score on the COPM rose to a 7 for both performance and satisfaction.
Jane’s mother commented that her handling of other play objects also improved.
8.3 Discussion and Conclusion
Upper limb assessment and intervention for very young children with unilateral
CP can be challenging for clinicians, particularly when there is significant impairment in
the affected upper limb affecting their ability to complete everyday occupational tasks.
Results from the Mini-AHA assessment process can be used within a clinical reasoning
model to ascertain why a child with unilateral CP is experiencing difficulty performing
identified occupations and help guide a targeted intervention plan to improve task
performance. Specifically, the Mini-AHA was used in the assessment process to identify
which object related actions of the affected hand were impacting completion of identified
goals, and to identify the strengths of a child that could be used to promote achievement
of the goals. The Mini-AHA test results were also used to guide actions of the assisting
hand to be encouraged and graded strategies in an intervention plan to be implemented
during a child’s daily routines.
The aim was not to use these case examples to discuss all the possible upper limb
assessments or intervention strategies that could have been used in the clinical reasoning
process to achieve the identified occupational performance goals of children with
unilateral CP. Selection of the best assessment method and intervention strategy is
unique to each individual child and their situation. A number of factors would affect this
choice including: (a) evidence for the assessment method/intervention, (b) child factors
(e.g. type of motor impairment, age, temperament, motivation and cognitive abilities of
the child), (c) social factors (e.g. motivation and understanding of the family and
caregivers to provide different upper limb intervention strategies), (d) clinician factors
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(e.g. knowledge of the clinician and availability to conduct different assessments and to
provide the intervention regimes), and (e) environmental factors (e.g. whether the child is
predominantly at home or other caregiving situations, or the time requirements of the
assessment method or intervention strategy). Instead, it was proposed that if using the
affected hand with the well-performing hand was impacting achievement of a desired
occupational performance issue, then assessment with the Mini-AHA, a measurement
tool with emergent evidence for validity and reliability, could be used to assess these
child related components. In addition, examples of how to use this information to guide
desired actions and formulate strategies within an intervention plan were provided.
Currently, very young children with unilateral CP are often assessed using age
norm-referenced developmental assessments that provide information about abilities and
tasks important for typically developing children. Clinicians might use information from
these assessments to determine activities and movement skills that should be encouraged.
However, promoting normal or typical ways of moving or achieving tasks may not be the
most effective or successful strategy when encouraging bimanual skill development in
young children with unilateral CP. Children with unilateral CP do not develop or use
their two hands in the same way as children with typical development (Greaves, Imms,
Dodd & Krumlinde-Sundholm, 2011b, submitted). It is important that clinicians and
researchers recognise that encouraging “normal” may not be the best strategy. Instead,
intervention plans targeted at the specific assisting hand difficulties of individual children
that are impacting achievement of a desired goal may be more effective. However,
empirical evidence supporting the effectiveness of using the Mini-AHA test items to
guide intervention is still required.
There are many purposes for which evaluation tools can be used. The purpose of
the Mini-AHA is to describe and measure how well the affected hand is used as an
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assisting hand during bimanual task performance (Greaves et al., 2011a, submitted).
This chapter has proposed another purpose for the Mini-AHA; to assist in the clinical
reasoning process for intervention planning for very young children with unilateral CP.
Providing intervention programs for very young children with this condition is both
exciting and challenging. A method to target the specific individual intervention
requirements of a child to help achieve desired occupational performance outcomes is an
important clinical resource.
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CHAPTER NINE: EXTENDED DISCUSSION AND CONCLUSION
9.1 Introduction
The purpose of this body of research was to develop an assessment tool to
describe and measure how effectively children aged 8-18 months with clinical signs of
unilateral cerebral palsy (CP) use their affected hand during bimanual task performance
(play). A systematic and extensive program of research was undertaken to achieve the
stated objectives.
Presented in this final chapter is a synthesis of the evidence from this entire
research program. This synthesis is used to determine what has been learned from the
series of studies and highlight how this knowledge can inform practice. In addition,
limitations and future directions for further development of the Mini-Assisting Hand
Assessment are discussed.
9.2 Test Development
9.2.1 The Need for a Measurement Tool
Developing a measurement tool with sound psychometric properties is a
challenging and ongoing process that demands considerable time, effort and monetary
resources. Although using measurement tools with sound psychometric properties is
important (American Educational Research Association, American Psychological
Association, & National Council on Measurement in Education [AERA, APA &
NCME], 1999; Terwee et al., 2007), 10 of the 11 tools identified in a systematic review
used to evaluate bimanual performance of young children with unilateral CP had little or
no evidence for their measurement properties (Greaves, Imms, Dodd & KrumlindeSundholm, 2010). However, this review also highlighted that clinicians and researchers
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wanted to evaluate bimanual skills in very young children with unilateral CP and
therefore used whatever was available to do this, including non-validated tests.
Clinicians want to measure bimanual performance because families often identify
playing with toys and other play objects, as well as performing many daily routines as
everyday problems for infants and young children with unilateral CP. To play
successfully and to perform many everyday tasks often requires the use of both hands. A
significant factor that can determine successful bimanual performance in young children
with unilateral CP is how effectively they can use their affected hand in conjunction with
their well-performing hand to complete two-handed tasks.
An extensive program of research was undertaken to develop a tool to measure
this important construct in very young children with unilateral CP. This new tool, the
Mini-Assisting Hand Assessment, was based on an existing tool, the AHA. The AHA
had strong and extensive evidence that it measured effective assisting hand use during
bimanual performance in a valid and reliable manner in older children with unilateral CP.
Modifications required to develop the AHA for younger children were identified, and
studies to provide evidence for the validity of these modifications were undertaken.
9.2.2 Accessing the Target Population
Development of the Mini-AHA involved identifying and recruiting a sample of
children from the target population, which were children with clinical signs of unilateral
CP aged 8-18 months (Bouza, Rutherford, Acolet, Pennock, & Dubowitz, 1994). A
possible limitation with the child data was related to the age of children recruited to the
study. Recruitment of children with clinical signs of unilateral CP within this age range
led to three potential sources of sampling bias: (a) this sample did not include children
who may have had unilateral CP but who presented later than 18 months, (b) the sample
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may have included children who presented with early clinical signs of unilateral CP but
who may not go on to be diagnosed with unilateral CP, and (c) the sample may have
included children who initially presented with clinical signs of unilateral CP but who
developed other topographical patterns of CP.
Recruiting children who have not yet presented with unilateral CP is problematic.
In a study by Rice et al., (2009) the median age of initial diagnosis of CP was 12 months;
however the range when this diagnosis occurred was between one and 84 months (Rice,
Russo, Halbert, van Essen & Haan, 2009). Studies attempting to validate assessments of
very young children with unilateral CP may miss some of the population for whom the
test is designed. Ensuring that the diagnosis of unilateral CP was correct was also
problematic. The lowest age limits that children with CP can be registered with
European and Australian CP registries is between three and seven years of age (Cans et
al., 2004; Australian Cerebral Palsy Register, 2009). However children were recruited to
this research program at eight months of age. To ensure that children recruited to the
program continued to present with clinical signs indicative of unilateral CP, their medical
consultant confirmed presence of these signs when the child was 18 months of age.
Those who no longer exhibited signs of unilateral CP exited from the study and their data
were not used in any analyses. Two children recruited to the research program were
excluded at this point because they developed bilateral signs of impairment. One
additional child was excluded because of resolution of early clinical signs of unilateral
CP. While objectively determining whether a young child does or does not have
unilateral CP is challenging (Blair & Love, 2005; Shevell, Majnemer, Poulin, & Law,
2008), this sample represents as best possible children aged 8-18 months who present
with clinical signs of unilateral CP.
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9.3 Strength and Quality of the Evidence in Support of the Validity of the MiniAHA
Although evidence for reliability is important, this body of research has primarily
focussed on aspects of validity. This is because even if a test can reliably be
administered and scored, that is, there is evidence for the extent to which the test
measures are consistent and free from error, this does not tell us what is being measured,
nor whether this measurement is useful for a particular purpose (AERA et al., 1999;
Streiner & Norman, 2003). Establishing validity is the most fundamental aspect of test
development (AERA et al., 1999).
A valid measure is one that assesses what it intends to measure for a particular
purpose (Portney & Watkins, 2000). As described in section 4.1.3 the purpose of the
Mini-AHA is to describe and measure how effectively children 8-18 months with clinical
signs of unilateral CP use their affected hand during bimanual play performance.
Evidence was required for the validity of the test measures to describe a child with
unilateral CP’s current level of effectiveness to use their affected hand for bimanual play,
and to distinguish between this child’s performance and the performance of other
children with a similar condition. Preliminary evidence was also required that the MiniAHA test measures were suitable for evaluating change in a child’s performance over
time or following intervention.
There are two primary ways to provide evidence for validity: using classical test
theory (CTT) and using item response theory (IRT) (AERA et al., 1999; Mokkink et al.,
2006). While CTT has previously underpinned most test construction (Streiner &
Norman, 2003), there has been a rapid increase in the use of IRT models, and in
particular the Rasch measurement model (RMM), to develop health measurement scales
(Bond & Fox, 2007; de Morton & Keating, 2008; Tennant & Conaghan, 2007). While
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both methods of test development have their advantages (Bond & Fox, 2007), in practice
these two methods are not mutually exclusive, but rather both methods can be used to
provide accumulated evidence for the measurement properties of a tool (Mokkink et al.,
2006). In this research program both CTT and RMM analyses were used to investigate
different psychometric aspects in order to build a body of evidence about the Mini-AHA.
Validating a scale does not involve a single powerful experiment (Streiner & Norman,
2003). Rather, the process of validation involves accumulating evidence to provide a
sound scientific basis for the proposed score interpretations (AERA et al., 1999).
9.3.1 Evidence Based on Test Content
Important evidence for validity can be obtained by examining the relationship
between a test’s content and the construct it is intended to measure (AERA et al., 1999).
Evidence based on test content refers to the wording and format of the items and the
tasks on a test as well as guidelines regarding procedures involved in administration and
scoring. Evidence based on test content can include the adequacy with which the test
content represents the content domain and the relevance of the content domain to the
proposed interpretation of test scores (AERA et al., 1999).
In this research program evidence for validity of the Mini-AHA test situation, that
is the play tasks used to evaluate effective use of the affected hand, was provided by
developing and testing a series of hypotheses that related to interpretation of the test
scores. Evidence was also provided for the adequacy and the comprehensiveness of the
test items (Terwee et al., 2007).
Evidence for the test situation. Strong evidence was provided that the test
situation assessed bimanual hand use, that the test situation could provoke the range of
bimanual actions available to children in the age range 8-18 months, and that the test
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situation could discriminatively provoke different bimanual performance in children with
unilateral CP and children with typical development (TD) (Greaves, Imms, Dodd &
Krumlinde-Sundholm 2011a, submitted). The different bimanual responses of children
with unilateral CP and children with TD to the test situation provided interesting insight
into the effect of the unilateral impairment on bimanual play as discussed below:
1. Responses by children with unilateral CP. The frequency with which children
with unilateral CP used bimanual actions was significantly different from children with
TD (H(3) = 32.31, p <0.0001). However, the frequency of a child’s use of bimanual
actions depended largely on the child’s level of impairment (Greaves et al, 2011a,
submitted). Children classified as having limited ability to use their affected hand
mostly did not use their two hands to play with toys. These children used unimanual
actions 74% of the time. Children classified as having a moderate ability to use their
affected hand mostly used their two hands to play, with unimanual actions only occurring
16% of the time. Children classified as having capable use of their affected hand only
played with the toys with one hand 3% of the time. This indicated that if children with
unilateral CP could use their affected hand to play with toys they did so, as this was the
most efficient way of completing bimanual tasks. If two hands were used to play,
opportunities to discover how bimanual tasks were accomplished were provided. Playing
unimanually with the toys severely restricted exploratory, functional and purposeful play
with the toy.
Children with unilateral CP used different bimanual actions as compared to
children with TD, or used similar bimanual actions, but with different frequencies of use
(See Table 2, page 126). One bimanual action only seen in children with unilateral CP
was when they stabilised an object without using the affected hand to grasp. Instead,
they used their affected arm or a fisted hand as weight or support to stabilise objects.
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This was the most common action of the affected arm/hand during bimanual play seen in
children with limited ability to use their affected hand, being observed 77% of the time.
It was also a common action in children with moderate ability (33% of the time), and was
also seen in children who had capable use of their affected hand (5% of the time).
As well as performing different bimanual actions, children with unilateral CP
used some bimanual actions more frequently than children with TD. Transferring toys,
multiple times between hands, as well as just once from one hand to the other was their
most frequent bimanual action. For children with TD transferring was a common
bimanual action seen in very young children as part of normal exploration of a toy.
However, transferring decreased with age. Older children with TD used other bimanual
actions (e.g. symmetrical and asymmetrical bimanual actions) more frequently than
transferring to play with toys. For older children with TD, transferring, as well as turning
the toy, was mainly used as a means to reposition a toy so that the toy could be
manipulated with the other hand. Transferring toys for this reason was accentuated in
children with unilateral CP.
While younger children with unilateral CP transferred more frequently than older
children with unilateral CP, transferring remained the most frequent bimanual action
used by children with unilateral CP across the full 10 month age range. In addition,
transferring was the most common bimanual action used by children with unilateral CP
who were classified as having moderate or capable use of their affected hand. It was
observed as one of their bimanual actions to handle toys 75% and 71% of the time
respectively. Taken in combination with the frequency that children with unilateral CP
who had moderate and capable ability reached for a toy with one hand (94% and 80% of
the time) provides evidence about the sequence of actions during play. That is, children
of these ability levels, tended to pick up the toy with their well-functioning (preferred)
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hand and then transfer it to their affected hand so that they could play with it with their
preferred hand. These findings suggest that for children with unilateral CP who were
classified as having moderate and capable use of their affected hand, transferring toys in
order to use their affected hand as an “assisting hand” to hold and stabilise toys is an
important skill. This enables their well-functioning hand to be used as a manipulating
hand. It also provided evidence for accentuated use of the affected hand in a holding,
stabilising or “assisting” hand role in children with unilateral CP even from a very young
age.
2. Responses of children with typical development. When provided with toys that
provoked bimanual hand use, children with TD use bimanual movements easily and
readily to explore and play with toys: to make the toy “work” (Greaves et al., 2011a,
submitted). Bimanual actions were found to be common play behaviours used to
complete bimanual play tasks.
When provided with toys that elicited bimanual responses, the full range of
bimanual actions previously identified in the literature as available to children in this age
range were provoked. However, the frequency that different actions were used varied
according to age. Younger children used simpler bimanual actions such as bimanual
holding, transferring toys and turning or rotating them as their most frequent actions to
explore toys. Older children were more likely to use actions such as asymmetric or
symmetric bimanual movements. Importantly though, even the youngest children in the
sample used the entire range of bimanual actions. This included the most difficult
actions for children in this age range: role differentiated bimanual movements. Although
the sample was small (n=12), all of the 8 and 9 months old children used simple role
differentiated bimanual movements to play with
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toys. This confirmed the findings of the literature review that these movements were
likely to be seen in infants even as young as 8 months of age, and therefore could be
measured (Kimmerle et al., 1995; Kimmerle et al., 2010).
Children with TD could also perceive the properties of the toys and consequently
could change how they played with the toys with different properties. Large toys were
more likely to provoke two handed reaching and bimanual holding, toys that could be
pulled apart and pushed together were more likely to provoke bimanual holding and
symmetrical movements, more complex toys involving parts that were inserted inside
another were more likely to provoke asymmetric bimanual movements. This provided
evidence for the construct validity of the play session to provoke different bimanual
responses and thus test the full spectrum of bimanual performance. However the toys did
not always provoke the expected actions. Reasons for this included the age of the child,
individual preferences, and previous exposure to the toy, which may make them more
likely to play in a certain way. This variation in response suggests that a number of toys
with similar properties should be provided to children in this age range to cater for
individual differences and so increase the likelihood that the desired bimanual action will
be seen.
Another finding from this study was that the youngest children with TD were the
least likely to be interested in playing with some of the toys. Reasons for their disinterest
included apparent anxiety about the testing situation, hesitancy to handle certain toys,
and for some children an unwillingness to sit and play (Greaves et al, 2011a, submitted).
On average, children with TD aged 8-9 months were not interested in the toy 30% of the
time. This reinforced the importance of having a range of toys available to provoke
bimanual performance to cater for different preferences of children, and to make the test
situation as playful as possible.
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Evidence for the test items. Evidence for the test items included the methods
used to develop the items. Evidence was provided that item development included: (a)
identification of the measurement aims of the test and the concepts that were intended to
be measured, (b) the target population in test development and, (c) detailed methods for
item selection and item reduction procedures (Greaves et al., 2011a-submitted, bsubmitted). Evidence for the comprehensiveness of the Mini-AHA test items to measure
the domain of interest and the range of child abilities was provided by RMM data
examining the spread of item difficulty calibrations and person ability measures as well
as the ceiling or floor levels indicated on the RMM person-item map (Greaves et al.,
2011b, submitted). The Mini-AHA test items provided a broad range of item difficulty
calibrations (range 7.84 to -11.58) as well as person ability measures (range 17.39 to 21.04). Visual inspection of the person-item map showed that item difficulty calibrations
and person ability measures were generally well matched. However, the average person
ability measure was -3.01, which was less than the average difficulty of the test items
(0.0). While no child achieved the minimum score, there were a number of children in
this sample whose ability scores were at the lower end of the scale. No child received a
maximum score.
A reason why the average ability level of the children in the sample was relatively
low could be explained by the recruitment method. Recruitment of children with
unilateral CP was through medical consultants from the Royal Children’s Hospital in
Melbourne, Australia. One way to ensure that a range of children with unilateral CP
were recruited was to include consultants from a number of clinical departments who
saw children with this condition. However, not all children with unilateral CP in
Melbourne present at the Royal Children’s Hospital. Some children also present to
community medical consultants, or may not present at all. These children are likely to
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have a milder impairment. Providing information about the research program to all of
the community medical practitioners who may see children with unilateral impairment in
a large city was not feasible. However, this may have biased the sample to include
children who were more impaired. Future data collection should include strategies to
access a broader range of very young children with unilateral CP.
9.3.2 Evidence Based on Response Processes
Data provided by the RMM analyses provided evidence based on response
processes. This type of evidence refers to the fit between the construct that is being
measured and the performance or responses of the people being tested (AERA et al.,
1999). The construct that is measured by the Mini-AHA test items is how well the
affected hand can be used with the well-functioning hand during bimanual task
performance. Evidence was required that the test items could describe a child’s current
level of ability, could distinguish between children of different levels of ability, and that
the ability levels were not related to age but to severity of disability.
To describe a child’s current level of ability, evidence was needed that children
with greater ability to effectively use their affected hand could accomplish more difficult
test items than those with less ability, and that all children could accomplish easier test
items than more difficult ones. This evidence was provided through examining pointmeasure correlations and fit statistics, and showed strong evidence that the person
responses fit the item ability estimates (Greaves et al., 2011b, submitted).
There was also evidence that the Mini-AHA test items could distinguish between
children of different levels of ability. The high person separation index of 9.67, which
was provided by the RMM analysis and which derived from the high person reliability
coefficient (0.99) meant that the scale could separate children into 13 distinct strata
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(levels of ability) with high precision (Greaves et al., 2011b, submitted). This indicated
that the Mini-AHA test items were also likely to be sensitive to change. However, the
use of the Mini-AHA as an evaluative test requires further validation through studies
evaluating rater agreement, test-retest consistency, and evaluation of the smallest
detectable difference.
Finally, evidence was provided for the hypothesis that the Mini-AHA test items
do not measure other aspects that may influence bimanual performance in young children
as evidence was provided that the Mini-AHA test items do not measure age-related
developmental change in hand skills but rather it evaluated levels of impairment
(Greaves et al., 2011b, submitted).
9.3.3 Evidence based on internal structure
Evidence based on internal structure of a test can indicate the degree to which the
relationships among the test items and components conform to the construct on which the
proposed test interpretations are based (AERA et al., 1999). The Mini-AHA test items
aim to describe and measure a single underlying construct: effective use of the affected
hand during bimanual task performance. Useful measurement involves only examining
one construct at a time, as it allows focus on only one attribute and prevents confusion if
more than one attribute is being evaluated by the measurement scale (Bond & Fox,
2007). Based on the response pattern of children with unilateral CP (the target group),
strong evidence that the 20 Mini-AHA test items constituted a unidimensional test was
provided by the RMM analysis through fit statistics data and a principal components
analysis (Greaves et al, 2011b, submitted).
In summary, accumulated evidence from experimental studies conducted in this
research program provided strong evidence that we could confidently use the Mini-AHA
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test measures to assess the underlying construct. That is, the Mini-AHA is a scale that
describes and measures how well children with unilateral CP aged 8-18 months use their
affected hand during bimanual play.
9.4 Using the Rasch Measurement Model
There are a number of advantages for developing measurement tools using Rasch
methodology. These include (a) the production of an interval level, unidimensional scale
that measures the construct of interest, (b) the hierarchical ordering of persons and items
along this construct allows for direct comparison, (c) the usefulness of the hierarchical
ordering for investigating development of a skill as it describes the order of development
and, (d) the transformation of ordinal scoring to interval level scaling allows scores to be
summed and change scores analysed using parametric statistics. Although the RMM
provides a robust mathematic approach to test development, conducting the analysis and
interpreting the results also relies on clinical reasoning to help decide whether a
meaningful and relevant measurement tool is being developed (Campbell, Wright, &
Linacre, 2002).
9.4.1 The Rasch Measurement Model and Clinical Reasoning
Clinical reasoning is used during the iterative process of item selection and
reduction that occurs during test development. While items should fit model
expectations and demonstrate unidimensionality (Tennant & Conaghan, 2007), why they
are working or not working as expected requires a deeper understanding of the items,
what they are measuring and how children might be expected to perform on that item.
One test item that misfit the model assumptions was the item grasps when the
preferred hand is restrained. This was designed as an easy item that would provoke use
of the affected hand in children with more severe disability who were not attempting to
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use this hand, or were using it infrequently during testing. However, a number of young
children objected to having their preferred hand restrained, and thus other factors besides
how well the child could use their affected hand were being evaluated. These included
the behavioural responses and temperament of the child, as well as previous exposure to
this type of intervention. Restraining the child’s hand also created tension in some play
sessions, which was not desirable. The Mini-AHA play session aims to be enjoyable for
children, tempting them to play. This item was determined as unsuitable and was
discarded from the item set.
Another test item that misfit the model assumption was the item chooses assisting
hand when closer to objects. This item was designed as a difficult item as only children
with good ability to grasp objects from the table would be able to do this easily and
effectively. However, some children with less ability tried and sometimes succeeded in
grasping objects with the affected hand when the object was on the affected hand side.
This may have been because they had difficulty reaching across their body with their
well-functioning hand, or prior therapy programs or caregivers may have encouraged this
behaviour. Despite misfit, this item was retained as it may indicate improved functional
hand use for more capable children, or provide clinically important information for
intervention planning for children with lower ability.
These two examples show the importance of clinical reasoning in the test
development process. Without knowledge of the behaviour of very young children or the
impact of the unilateral impairment on hand function, meaningful and relevant decisions
about the item and person analyses produced by the RMM are more difficult to make.
The iterative process of item selection and reduction used to create a test using Rasch
methodology is assisted when people developing the test to have a clinical background in
the construct that is measured and clinical experience with the target population.
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9.4.2 Assisting Hand Actions: Hierarchical Ordering of Items
While test development was an important achievement, this research program has
also provided a valuable opportunity to carefully examine how very young children with
unilateral CP use their two hands to play with toys. The descriptive data reported in
section 9.3.1 provided evidence that young children with unilateral CP used their two
hands differently to children with TD to play with toys, and that the affected hand was
preferentially used as an assisting hand during bimanual task performance (Greaves et
al., 2011a, submitted). To help to determine the specific actions of the affected hand
when used in this assisting hand role, data from the hierarchically ordered list of test
items produced by the RMM analysis (see Figure 1) (Greaves et al., 2011b, submitted),
can be combined with knowledge of the four criterion levels of rating for each item (see
Appendix J: Mini-AHA ordered outcome form) to provide insight into this use.
At the top of this list is the easiest Mini-AHA test item: holds object in assisting
hand. Many young children with unilateral CP could achieve a score of level 2 on the
four point scoring levels of this item. Level 2 was when objects were placed in their
affected hand by someone else and they maintained hold of the toy. The second item on
the hierarchy was contact with objects. This was designed as an easy item where
children only had to move their hand toward an object and touch it to achieve at a level 2.
This indicated that the first self-initiated movement of the affected hand (as opposed to
another person placing the object in the hand), is often just to touch the object and not to
grasp it. However, self-initiated movement (even just touching) was harder to achieve
than holding an item in the affected hand which someone else had placed there. Selfinitiated actions of the affected hand were difficult for young children who had limited
ability to use this hand.
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Easiest items
Holds objects in Assisting Hand
Contact with objects
Grasps from an easy position
Stabilises by weight
Amount of use
Moves upper arm
Moves fingers
Moves forearm
Stabilises by grasp
Reaches
Initiates use
Releases
Flow in bimanual performance
Readjusts grasp
Symmetrical arm/hand use
Adjusts arm position
Grasps (object location)
Varies grasp
Chooses Assisting Hand
Bimanual manipulation
Hardest items

Figure 9.1: Hierarchical ordering of Mini-AHA test items from easiest at the top to the
most difficult at the bottom.

The third item on the list was grasps from an easy position, which suggested that
the easiest way for a young child with unilateral CP to initially grasp objects by
themselves is when objects are held close to the affected hand and positioned so that they
are easy to grasp. The next item on the list was stabilises by weight or support, which
suggested that the easiest way for children to have self-initiated stabilising of objects
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when they cannot grasp objects with their affected hand is to stabilise the object by using
this hand as a weight or support. For example, they may use their fisted affected hand in
conjunction with the well-functioning hand when grasping a large ball. All of these four
actions of the affected hand (the first four items) are easy assisting hand actions, and
could be encouraged for children with more limited ability during bimanual play.
The hardest test item on the hierarchy was bimanual manipulation. To score at
the highest level (level 4) required both hands to be used to manipulate objects easily and
(nearly) as frequently as each other. Even children who had very mild impairment
predominantly used their preferred hand for finer manipulative movements such as when
fingering a toy or manipulating a part of a toy. This is probably an effective strategy and
does not necessarily affect bimanual task performance. However, this is not necessarily
so for the second hardest item for children with unilateral CP, which was to easily pick
up objects from the affected hand side with the affected hand with no difficulty or delay
(chooses assisting hand). While reaching across the body to pick up an object with the
preferred hand is an effective strategy for children who have difficulty picking up objects
from the table, encouraging more capable children to use their affected hand could be a
more effective strategy for them as it would allow the object to be then manipulated with
the preferred hand (such as when pressing buttons on a toy phone) or used in conjunction
with an object held in the preferred hand (such as when using a cup and a spoon) without
the additional step of transferring the object to the affected hand first.
This item hierarchy provides insight into how young children with unilateral CP
use their affected hand during bimanual play performance. This evidence provides
support for new theories about child development, such as dynamic systems theory, that
propose that for children with atypical development “normal’ movement patterns may
not be the optimal way to develop motor skills (Darrah & Bartlett, 1995). Rather
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different movement solutions may be more effective as they provide functional
resolutions to movement problems. Understanding this “different” trajectory of bimanual
skill development for children with unilateral CP is important information for clinicians
working with these children. However clinicians also need to transfer this knowledge
into effective clinical practice. How the hierarchical ordering of test items assessed
within a Mini-AHA test situation can inform intervention planning was proposed in
chapter 8.
9.5 Implications for Intervention with Children with Unilateral CP
Working with very young children with unilateral cerebral palsy is both exciting
and challenging. This is a period of time when impairments associated with this
condition are emerging, when motor skills, including upper limb skills, are rapidly
developing, and there is increased potential for improvement (Eyre et al., 2007).
Determining new interventions and improving efficacy of current interventions is very
important (Gordon & Hadders-Algra, 2011). One of the findings in this research
program was that more than 70% of children in this sample of young children with
unilateral CP did not use their affected hand during bimanual task performance or they
used this arm/hand with difficulty which often resulted in ineffective performance. That
is, even by eight months of age a pattern of either not using the affected hand or not
using it well had been established. While the proportion of children presenting with this
finding may have been affected by the sampling methods, it indicates that intervention in
this early period is important, and that we need to critically evaluate what interventions
we are currently providing to very young children who may have CP. This findings also
emphasises the need for very early diagnosis of unilateral CP when possible using new
assessment tools such as the Hand Assessment for Infants, which is currently under
development (L. Krumlinde-Sundholm, personal communication, May 20, 2011) or
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existing tools such as Prechtl’s General Movements (Einspieler & Prechtl, 2005;
Guzzetta et al., 2010). Further evidence for the ability of these tools to predict unilateral
CP is required.
Recent research investigating neural plasticity of the developing brain indicates
that the first few years of life may be an important time to target interventions when the
corticospinal tract is developing (Al-Whaibi & Eyre, 2008; Martin, Chakrabarty & Friel,
2011). Activity dependent interventions such as constraint-induced movement therapy
and electrical stimulation (Martin et al., 2011), and environmental cueing (Al-Whaibi &
Eyre, 2008) have been suggested as interventions that may improve the competitive
advantage of the contralateral corticospinal projections in the developing central nervous
system after an early lesion. It was recommended that these interventions commence
during the first year of life to take advantage of the developing corticospinal tract (Martin
et al., 2011). These new and important findings in neuroscience and suggested
interventions are an exciting prospect for improving upper functioning for children with
unilateral CP. However, effective measurement is integral to supporting our ongoing
knowledge development.
A method for using results from the Mini-AHA assessment within a clinical
reasoning model to guide an intervention plan addressing functional upper limb
occupational performance difficulties was described in this body of research. Future
evaluation of the efficacy of this approach to target specific assisting hand actions and
grade activities to assist the achievement of identified occupational performance
outcomes is required. Indeed, the efficacy of all intervention programs aimed at
improving upper limb skills should be evaluated with measurement tools that assess
meaningful and relevant aspects of interest and that have evidence for their psychometric
properties. Currently evaluation of bimanual performance of young children with
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unilateral CP uses inappropriate tools such as norm referenced developmental
assessments or tools with no evidence for their measurement properties. The
development of the Mini-Assisting Hand Assessment has aimed to fill this gap.
9.6 Limitations of the Research Program
The aim with all research is to limit factors that may bias the results. However,
acknowledging limitations to this research program can also contribute to new directions
required for future development of the Mini-AHA. One of the limitations of this
research was the sample size used for the RMM analysis. Sample size estimations
indicated that to have 95-99% confidence of having stable item calibration estimates
within ½ a logit, 100-150 data points were required (Linacre, 1994). In this research
program children were recruited until over 100 measures were available to support
preliminary analysis of the scale. Although this sample size was suitable for an initial
analysis, there were limitations. Firstly, after removal of two misfitting test items, seven
items were still identified as having less than 10 observations in a single category. Ten
observations are recommended for stable item calibrations as the estimations are not
robust against ‘accidents’ in the data if this is not achieved (Linacre 2002). One of the
reasons that it was less likely to achieve 10 observations per category was use of the
partial credit model. In the partial credit model each of the items is treated as its own
unique rating scale and observations relate only to that item (Linacre, 2009). During
item development, one of the aims was to have a range of item difficulties so that
children of different ability levels could be distinguished. This meant that some items
were hard for children with unilateral CP, so that a score of 4 was not often observed.
Conversely some items were designed to be easy and a score of 1 was not often
observed. While the partial credit model was the appropriate model to use as the MiniAHA test items use different descriptions for each of the four rating levels, and a RMM

207

analysis indicated that there was a good spread of item difficulty, future analyses with an
increased sample size will help achieve 10 observations in all categories.
The second limitation of the sample size was that it precluded comparison
between subgroups in the sample using differential item functioning (DIF). Evaluation
of whether characteristics such as age or aetiology affect item functioning will be
important. However, samples of at least 200 children in each group have been
recommended for this type of analysis (Scott et al., 2009), and this will take considerable
resources to achieve.
A further limitation was the how the sample was recruited from the target
population. Recruitment from many departments within a large paediatric hospital aimed
to increase the likelihood of children with clinical signs of unilateral CP being recruited.
However, the age of the children and that children were not recruited through community
paediatricians may have biased this sample towards those with greater impairment.
9.7 Future Directions
The measurement properties of an assessment tool should be investigated
repeatedly until a conclusive body of scientific evidence has been accumulated for that
assessment tool (AERA et al., 1999). This research program has provided initial
evidence for the validity and reliability of the Mini-AHA test item and person measures
to evaluate the effectiveness of assisting hand use in children 8-18 months with unilateral
CP. However, developing a measurement tool is a long process. Further support for this
tool as a valid and reliable measure is required. Future directions and rationales for
development and testing of the psychometric properties of the Mini-AHA are
summarised in Table 9.1.
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Table 9.1.
Future research directions and rationales
Areas for
future
investigation

Rationale for further test development

Scale Function

1. A confirmatory RMM analysis is required with a larger sample of children using sampling methods aimed at including children of all impairment levels.
2. A Differential Item Functioning (DIF) analysis according to age will be important to provide further evidence that age is not a variable that affects
effective assisting hand use. A DIF analysis according to the underlying aetiology may also be important to determine if aetiology impacts severity and
therefore also impacts item functioning. Rater DIF, gender, and other characteristics of the sample should also be considered.

Reliability

1. Test-retest reliability concerns whether the same results will be achieved with repeated administration (Portney & Watkins, 2000). Evidence for testretest stability is particularly important to establish in measurement tools evaluating very young children when performance is characterised by variability
(Darrah, Senthilselvan & Magill-Evans, 2009).
2 Rater reliability (inter and intra) is also required to indicate that clinicians and researchers can consistently and reliably use this instrument and interpret
scores to measure effective assisting hand performance in young children with unilateral CP. Evidence that other raters can reliably and accurately
administer, rate and interpret the Mini-AHA will be one important aspect for determining the clinical utility of this new assessment tool.

Validity

1. Evidence for responsiveness is required so that the relevance of change scores can be interpreted. This change may result from longitudinal development
or following interventions.
2. The AHA test developers have provided evidence for the longitudinal validity of the AHA, and its validity as a predictive test of future assisting hand use
(Holmefur, Krumlinde-Sundholm, Bergstrom & Eliasson, 2010). If evidence could be provided for equivalence between the Small kids AHA and the MiniAHA, then the longitudinal development of assisting hand use could be evaluated from early childhood (8 months) through to adolescence (12 years). This
would provide evidence of the predictive validity of the Mini-AHA for parents of very young children with unilateral CP.
3. Investigation of the relationships between effective assisting hand use during bimanual performance and other factors that may impact infant functioning
such as cognition, general upper limb skills or the ability to play could provide insight into the correlations between each of these aspects.
4. Evidence for the validity of the Mini-AHA test items to evaluate performance of the affected upper limb in children with other unilateral impairments
such as Obstetric Brachial Plexus Palsy would indicate its usefulness for other diagnostic groups
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This body of research has resulted in the development of 20 Mini-AHA test items that can
measure how well the affected hand is used during bimanual performance in children with
unilateral CP aged 8-18 months. A manual is currently being written to accompany these
test items that provides a theoretical background to the Mini-AHA and to standardise the
administration of the Mini-AHA play session. An instructional course to train clinicians in
the reliable administration of the test and interpretation of the test scores is also being
developed.
9.8 Summary and Conclusion
Clinicians and researchers who work with very young children with unilateral CP
know that the affected hand is not commonly used for unimanual tasks. Children with
unilateral CP typically only use their affected arm/hand when it is needed during bimanual
task performance. A major factor that determines bimanual performance for children with
unilateral CP is how well they can use their affected hand in conjunction with their wellfunctioning hand. This often determines whether bimanual tasks are completed successfully
or not, and can impact many aspects of a child’s daily life (Sköld, Josephsson & Eliasson,
2004).
If difficulty using two hands to complete everyday bimanual tasks is identified by
families as an occupational performance issue, then assessment of affected hand use during
bimanual play may help determine the specific object related hand actions of the affected
hand that may be impacting achievement of the desired bimanual tasks and activities. This
can be achieved by looking at “how well” and “when” they do use their affected hand during
bimanual play performance by administering, scoring and interpreting this performance

210

using the Mini-AHA. Determining the how, and when they use their affected hand is
important at an age when the child cannot understand that using their affected hand would
make completing the bimanual task easier. Similarly 8-18 months is an age when it is
difficult to reason with young children with unilateral CP to encourage use of their affected
hand to assist with bimanual performance. Ascertaining specific action-related behaviours
that impact effective assisting hand use during bimanual performance allows appropriate
strategies to be incorporated in intervention programs to improve bimanual functioning at an
early age when other methods such as cognitive orientation to the task are not appropriate
(Hoare, et al., 2010).
To evaluate this important aspect of functioning, clinicians and researchers should
aim to use instruments with strong evidence supporting their measurement properties.
However, clinicians and researchers can only use what is available. While test development
is challenging, the goal of developing a psychometrically sound measurement tool that
evaluates how well the affected hand is used during bimanual performance for children
younger than 18 months with unilateral CP was important and worthwhile.
Young children who have no impairment can freely and readily use their two hands
to play. This allows easy accomplishment of many important daily activities. Toys can be
held and manipulated and an object’s properties can be discovered. The child’s environment
can be explored, and tools can be used to accomplish tasks. When children have unilateral
CP these tasks and activities are more difficult to achieve. This research program developed
a tool that measures an important aspect of upper limb functioning for children with
unilateral CP that helps determine two-handed use: effectiveness of the assisting hand during
bimanual performance. However, the ultimate aim for clinicians and researchers is to help
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very young children with unilateral CP use both hands to play, interact, explore, discover
and achieve.
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palsy

Date:
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University Human Ethics Committee (UHEC) for the project referred to above. Your response
was forwarded to a subcommittee of the UHEC, who has assessed the project as complying with
the National Health and Medical Research Council’s National Statement on Ethical Conduct in
Human Research and with University Human Research Ethics Guidelines.
Your project has been granted ethics approval and you may commence the study, subject to
clarification/confirmation of the following matter:
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Confirmation of receipt of RCH ethics approval

The project has been approved to 31/12/2010.
Please note that your application has been reviewed by a sub-committee of the UHEC in the
interest of facilitating a decision on your application before the next committee meeting. The
decision to approve your project will need to be ratified by the full UHEC and consequently
approval for your project may be withdrawn or conditions of approval altered. However, your
project may commence prior to ratification of the approval decision. You will be notified if the
approval status of your project is altered.
The following standard conditions apply to your project:
• Complaints. If any complaints are received or ethical issues arise during the course of the
project, researchers should advise the UHEC Secretary on telephone (03) 9479 1443;
• Limit of Approval. Approval is limited strictly to the research proposal as submitted in your
application while taking into account the conditions and approval dates advised by the UHEC;

• Variation to Project. As a consequence of the previous condition, any subsequent variations
or modifications you may wish to make to your project must be notified formally to the UHEC.
This can be done using the appropriate form (Application for Approval of Modification to
Research
Project)
which
is
available
on
the
internet
at
http://www.latrobe.edu.au/www/rgso/ethics/ethics.htm.
If the UHEC considers that the
proposed changes are significant, you may be required to submit a new application form for
approval of the revised project;
• Progress Reports. You are required to submit a Progress Report form annually, on or just
prior to 12 February (if your project continues for more than 12 months). The form is available
on the internet (see above address). When completed, the form should be returned to the
UHEC Secretary. Failure to submit a progress report will mean approval for this project will
lapse. An audit may be conducted by the UHEC at any time.
A Final Report (template available on the Human Ethics website) will be due by 30/06/2011.
If you have any queries on the matters mentioned above or require any further clarification please
contact me through the Research and Graduate Studies Department on telephone (03) 9479
1443, facsimile (03) 9479 1464 or e-mail address humanethics@latrobe.edu.au
On behalf of the University Human Ethics Committee, best wishes with your research!

Barbara Doherty
Administrative Officer (Research Ethics)
University Human Ethics Committee
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Research and Graduate Studies Office
La Trobe University Bundoora, Victoria 3086
P: (03) 9479 - 1443
F: (03) 9479 - 1464
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Secretary, La Trobe University Human Ethics Committee
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Review of Human Ethics Committee Application No. 08-137

Title:
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Thank you for submitting your modification request for ethics approval to the La Trobe University Human Ethics
Committee (UHEC) for the project referred to above. The UHEC Chair has reviewed and approved the following
modifications:
•

Recruitment from RCH study number 27114C: “Health and Development following Paediatric
Arterial Ischaemic Stroke”
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A letter and Parent Consent Form to be sent out to parents of appropriate children by Anne Gordon

•
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UHEC and consequently approval for your project may be withdrawn or conditions of approval altered. However, your project
may commence prior to ratification of the approval decision. You will be notified if the approval status of your project is altered.
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while taking into account any additional conditions advised by the UHEC.
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Variation to Project. Any subsequent variations or modifications you wish to make to your project must
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required to submit a new application form for approval of the revised project.
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an Ethics - Progress/Final Report Form annually, on or just prior to 12 February. The form is available on
the Research Services website (see above address). Failure to submit a Progress Report will mean
approval for this project will lapse. An audit may be conducted by the UHEC at any time.
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Adverse Events. If any unforeseen or adverse events occur, including adverse effects on participants,
during the course of the project which may affect the ethical acceptability of the project, the Chief
Investigator must immediately notify the UHEC Secretary on telephone (03) 9479 1443. Any complaints
about the project received by the researchers must also be referred immediately to the UHEC Secretary.

•

Withdrawal of Project. If you decide to discontinue your research before its planned completion, you

must advise the UHEC and clarify the circumstances.
•

Final Report. A Final Report (see above address) is required within six months of the completion of the project
or by 30 June 2011.

If you have any queries on the information above or require further clarification please contact me through
Research Services on telephone (03) 9479-1443, or e-mail at: humanethics@latrobe.edu.au.

Ms Barbara Doherty
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University Human Ethics Committee
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P: (03) 9479 - 1443
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be formally notified to the UHEC for approval in advance of these modifications being introduced into the
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Research Services
website
at
http://www.latrobe.edu.au/researchservices/ethics/human.htm. If the UHEC considers that the proposed changes are significant, you may be
required to submit a new application form for approval of the revised project.
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Annual Progress Reports. If your project continues for more than 12 months, you are required to submit
an Ethics - Progress/Final Report Form annually, on or just prior to 12 February. The form is available on
the Research Services website (see above address). Failure to submit a Progress Report will mean
approval for this project will lapse. An audit may be conducted by the UHEC at any time.

•

Adverse Events. If any unforeseen or adverse events occur, including adverse effects on participants,
during the course of the project which may affect the ethical acceptability of the project, the Chief
Investigator must immediately notify the UHEC Secretary on telephone (03) 9479 1443. Any complaints
about the project received by the researchers must also be referred immediately to the UHEC Secretary.

•

Withdrawal of Project. If you decide to discontinue your research before its planned completion, you
must advise the UHEC and clarify the circumstances.

•

Final Report. A Final Report (see above address) is required within six months of the completion of the project
or by 30 June 2012.

If you have any queries on the information above or require further clarification please contact me through
Research Services on telephone (03) 9479-1443, or e-mail at: humanethics@latrobe.edu.au.

Ms Barbara Doherty
Administrative Officer (Research Ethics)
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Flemington Road, Parkville
Victoria, Australia, 3052
Telephone (03) 9345 5522
ISD (+613) 9345 5522
Facsimile (03) 9345 5789
Web www.rch.org.au

PARENT/GUARDIAN INFORMATION STATEMENT
AND CONSENT FORM- PROSPECTIVE RECRUITMENT
HREC Project
Number:

28112A

Research Project
Title:

Developing a test of young children’s two-handed skills

Thank you for taking the time to read this Information Statement. This Information
Statement and Consent Form is 5 pages long. Please make sure you have all the
pages.
For people who speak languages other than English: If you would also like information
about the research and Consent Form in your language, please ask the person
explaining this project to you.
Your child is invited to participate in a research project that is explained below.
What is an Information Statement?
These pages tell you about the research project. It explains to you clearly and openly all
the steps and procedures of the project. The information is to help you to decide
whether or not you would like your child to take part in the research.
Please read this Information Statement carefully. You can ask us questions about
anything in it. You may want to talk about the project with your family, friends or health
care worker.
Participation in this research project is voluntary. If you don’t want your child to take
part, you don’t have to. You can withdraw your child from the project at any time without
explanation and this will not affect their access to the best available treatment options
and care from The Royal Children’s Hospital.
Once you have understood what the project is about, if you would like your child to take
part please contact the researcher at the end of the information section. Later you will be
asked to sign the consent form at the end of this information statement. You will be
given a copy of this information and consent form to keep.
1. What is the research project about?
When young children play with toys, they usually use both hands an equal amount of
time and they mostly use both hands together. However, some young children prefer to
use one hand more than the other, or may have difficulty moving one arm or hand. In
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these situations it is important that the child’s two-handed skills are assessed so that the
best advice can be given to families about how to encourage their child’s development.
At the moment there are no tests that can measure a very young child’s two-handed
skills. This project aims to adapt and extend an existing assessment (the Assisting Hand
Assessment or AHA). The AHA is currently used for children between 18 months and 12
years who have difficulty using one arm/hand more than the other. The new test is the
Mini-Assisting Hand Assessment (Mini-AHA). It will be used with younger infants
between 8 and 18 months of age.
Overall, up to 130 infants will be assessed using the Mini-AHA in order to help us
develop this new test. Some young infants who have difficulty using one of their hands
will be assessed with the Mini-AHA. Some infants who use both hands equally will also
be tested.
2. Who are the researchers?
Susan Greaves is the Principal Researcher in this project. Sue is a Senior Occupational
Therapist at the Royal Children’s Hospital, Melbourne. She has over 25 years
experience working with infants and their families. This project is part of her PhD studies
in the School of Occupational Therapy at La Trobe University
3. Who is funding this research project?
The research project is fully funded by a Postgraduate Scholarship, a grant application
through the Royal Children’s Hospital (pending) and other minor university grants
(pending)
4. Why is my child being asked to be in this research project?
Your child is between 8 and 18 months old. Your child’s doctor thinks that he/she moves
one hand more or better than the other.
5. What does my child need to do to be in this research project?
Your child will have one or more assessment sessions at the Royal Children’s Hospital,
or at a place that suits you.
First visit: Your child will do the Mini-AHA assessment. The assessment is videorecorded so that it can be scored later by the researchers. The Mini-AHA takes about
15-20 minutes to do. It involves playing with toys with both hands. During the Mini-AHA,
your child will sit in a secure chair with a table. The amount of support will be
appropriate for your infant’s age and postural skills. You can sit next to your child so that
he/she feels secure.
Second visit and consequent visits: Further assessment sessions happen about
three months later up until your child reaches 18 months. At this session, the Mini-AHA
will be done again. This will give us extra information about the Mini-AHA. This session
will also be video-recorded.
6. What are my child’s alternatives to taking part in this project?
You do not have to take part in this project if you do not want to. If you decide to take
part and later change your mind, you are free to withdraw from the project at any stage.
Your decision not to take part will not affect your child’s access to the standard care and
treatment at the Royal Children’s Hospital.
If you decide to withdraw from the project after the first assessment, we will ask if we
can use the information already collected.
Another alternative is to only do the first assessment (the Mini-AHA) and not to do any
further assessment. You can indicate this preference on the Consent Form.
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7. What are the possible benefits for my child?
The therapist can give you feedback about your infant’s two-handed skills and any
strengths and difficulties that she observed during the assessment. This will be followed
up with a written report for you and your doctor. This may give you ideas about ways to
encourage your child’s development of two-handed skills.
8. What are the benefits for other people in the future?
The development of this assessment (Mini-AHA) may help get an earlier identification of
two-handed difficulties. This might let us give earlier advice to families about what they
need to encourage.
The Mini-AHA may also be able to measure improvement in an infant’s skills and help
us know which intervention/advice was most effective. This may help clinicians,
researchers, infants and their families.
9. What are the possible risks, side-effects and/or discomforts?
There are no known/expected risks or side-effects for the children involved in the study.
Most children enjoy playing with the toys used in the Mini-AHA play session.
The principal researcher has many years of experience working with young infants and
their families and ensuring their safety and comfort. However, if your child becomes
upset, the assessment can paused and your child can be comforted. If your child
continues to be upset, then the assessment will be stopped.
If you would like more information after seeing your child participate in the study or if the
assessment upsets you in any way, your doctor will be happy to discuss this with you
and can refer you for counselling if you wish.
Additional risks or side-effects which are now unknown may become apparent during
the study. If this happens, we will tell you as soon as we know.
10. What are the possible inconveniences?
The time required to attend the hospital and complete the assessment(s). The first
assessment session will take about 30 minutes plus travel time. Any further assessment
sessions will take about the same time.
11. What will be done to make sure my child’s information is confidential?
Some information (the video-recording) about your child will be identifiable. This
information will be kept in a locked filing cabinet in the Occupational Therapy
Department of the Royal Children’s Hospital.
Other information such as the score your child receives on the assessments and other
general information (e.g. date of birth) will be coded. This means we will use a number
instead of your child’s name. Only the researchers will be able to match your child’s
number and name. We will keep the information on a password protected computer.
After your child turns 25 years old, we will erase the video recordings and the electronic
data and shred any paper documents.
Any information that we collect from you and your child will remain confidential. We will
use your child’s information only for this research project. Only the researchers involved
with this project and The Royal Children’s Hospital Ethics Committee can have access
to this information. We can disclose the information only with your permission, except as
required by law.
You (as parent/guardian of your child) have the right to access, and request correction
of your child’s information in accordance with the Freedom of Information Act 1982 (Vic).
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The information gained from this research project may be used at the completion of the
project in professional journals or at scientific conferences. In this instance only the
coded data will be used and your child will not be able to be identified.
The researchers may want to use your child’s identifiable data (the video-recording) for
a conference presentation or to teach other clinicians how to use the assessment, or
want to use your child’s video recording and scores for further analyses of the Mini-AHA.
The Consent Form has a section where you can give us your permission to do this. You
don’t have to consent to this. You can still be in the research project without consenting
to these extra uses of your child’s information.
12. Will we be informed of the results when the research project is finished?
You will get a short written report following your infant’s assessment. We will also send
you a brief summary of the results of the study after it ends. We expect this to be at the
end of 2011. This summary will be for all the infants in the study. No individual infant will
be identified.

If you would like more information about the project or if you need to speak to a member
of the research team in an emergency please contact:
Name:

Mrs Susan Greaves

Contact
telephone:

(03) 9345 5402

Contact e-mail:

sue.greaves@rch.org.au

If you have any concerns about the project or the way it is being conducted, and would
like to speak to someone independent of the project, please contact:
Head of Department
Ethics and Research Department
Human Research Ethics Committee
The Royal Children’s Hospital
Telephone: (03) 9345 5044
OR
Secretary
Human Ethics Committee
Research and Graduate Studies Office
La Trobe University, Victoria, 3086
ph: (03) 9479 1443
e-mail: humanethics@latrobe.edu.au
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Flemington Road,
Parkville
Victoria, Australia, 3052
Telephone (03) 9345 5522
ISD (+613) 9345 5522
Facsimile (03) 9345 5789
Web www.rch.org.au
CONSENT FORM FOR PARENT/GUARDIAN TO GIVE INFORMED CONSENT
FOR THEIR CHILD TO TAKE PART IN A RESEARCH PROJECT

HREC Project Number:

28112 A

Research Project Title:

Developing a test of young children’s two-handed skills

I (Parent/Guardian name)
of (child’s name)
voluntarily consent for my child to take part in the above research project
I give consent for the video-recording taken of my child to be used in conference
presentations or for teaching purposes
I give permission for the video-recording and scores to be used for future analyses of the
assessment


I believe I understand the purpose, extent and possible effects of my child’s involvement in this project.



I have had an opportunity to ask questions and I am satisfied with the answers I have received.



I understand that this project has been approved by both the Royal Children’s Hospital and the La
Trobe University’s Human Research Ethics Committees and will be carried out in line with the National
Statement on Ethical Conduct in Human Research (2007).



I understand I will receive a copy of this Parent/Guardian Information Statement and Consent Form.

Parent/Guardian Signature

Date

Print name of witness to parent/guardian’s signature
Witness Signature

Date

I have explained the project to the parent/guardian who has signed above, and believe that they understand
the purpose, extent and possible effects of their child’s involvement in this project.

Researcher Signature

Date

Note: All parties signing the Consent Form must date their own signature
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Flemington Road, Parkville
Victoria, Australia, 3052
Telephone (03) 9345 5522
ISD (+613) 9345 5522
Facsimile (03) 9345 5789
Web www.rch.org.au

PARENT/GUARDIAN INFORMATION STATEMENT
AND CONSENT FORM – RETROSPECTIVE RECRUITEMENT
HREC Project
Number:

28112A

Research Project
Title:

Developing a test of young children’s two-handed skills

Thank you for taking the time to read this Information Statement. This Information
Statement and Consent Form is 5 pages long. Please make sure you have all the
pages.
For people who speak languages other than English: If you would also like information
about the research and Consent Form in your language, please ask the person
explaining this project to you.
Your child is invited to participate in a research project that is explained below.
What is an Information Statement?
These pages tell you about the research project. It explains to you clearly and openly all
the steps and procedures of the project. The information is to help you to decide
whether or not you would like your child to take part in the research.
Please read this Information Statement carefully. You can ask us questions about
anything in it. You may want to talk about the project with your family, friends or health
care worker.
Participation in this research project is voluntary. If you don’t want your child to take
part, you don’t have to. You can withdraw your child from the project at any time without
explanation and this will not affect their access to the best available treatment options
and care from The Royal Children’s Hospital.
Once you have understood what the project is about, if you would like your child to take
part please contact the researcher at the end of the information section. Later you will be
asked to sign the consent form at the end of this information statement. You will be
given a copy of this information and consent form to keep.
13. What is the research project about?
When young children play with toys, they usually use both hands an equal amount of
time and they mostly use both hands together. However, some young children prefer to
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use one hand more than the other, or may have difficulty moving one arm or hand. In
these situations it is important that the child’s two-handed skills are assessed so that the
best advice can be given to families about how to encourage their child’s development.
At the moment there are no tests that can measure a very young child’s two-handed
skills. This project aims to adapt and extend an existing assessment (the Assisting Hand
Assessment or AHA). The AHA is currently used for children between 18 months and 12
years who have difficulty using one arm/hand more than the other. The new test is the
Mini-Assisting Hand Assessment (Mini-AHA). It will be used with younger infants
between 8 and 18 months of age.
Overall, we will need up to 130 video-recordings of infants playing with toys with both
hands in order to develop this new test (Mini-AHA).
However, in this project, we will use previous video recordings made by Occupational
Therapists at the Royal Children’s Hospital of children playing with toys.
14. Who are the researchers?
Susan Greaves is the Principal Researcher in this project. Sue is a Senior Occupational
Therapist at the Royal Children’s Hospital, Melbourne. She has over 25 years
experience working with infants and their families. This project is part of her PhD studies
in the School of Physiotherapy at La Trobe University
15. Who is funding this research project?
The research project is fully funded by a Postgraduate Scholarship, a grant application
through the Royal Children’s Hospital (pending) and other minor university grants
(pending)
16. Why is my child being asked to be in this research project?
When the video recording was taken by your occupational therapist your child was
between 8 and 18 months old. Also your child’s doctor thinks that he/she moves one
hand more or better than the other.
17. What do we need to do to be in this research project?
Nothing. We already have a video of your child playing with toys. We would like to use
this video-recording. We will use the video to help develop the Mini-AHA.
18. What are my child’s alternatives to taking part in this project?
You do not have to take part in this project if you do not want to. If you decide to take
part and later change your mind, you are free to withdraw from the project at any stage.
Your decision not to take part will not affect your child’s access to the standard care and
treatment at the Royal Children’s Hospital. .
19. What are the possible benefits for my child?
As the assessment session was recorded in the past, your child’s two-handed skills will
have progressed from that point. Any information that the researchers can gain from
viewing the recording will be out of date and not relevant to your child’s current level.
The benefits to your child therefore are limited. However, you might feel good about
helping medical research.
20. What are the benefits for other people in the future?
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The development of the Mini-AHA may allow for earlier identification of these movement
difficulties and then the commencement of appropriate advice to families as to what they
need to encourage. The test will also be able to measure improvement in an infant’s
skills and to evaluate which intervention/advice was most effective. This will be
beneficial for clinicians, researchers and for infants and their families.
21. What are the possible risks, side-effects and/or discomforts?
There are no further assessments needed, so there are no expected risks, side effects
or discomforts for your child
If you would like more information about your child’s condition after being asked
participate in the study or if this upsets you in any way, your doctor will be happy to
discuss this with you further and can refer you for counselling if you wish.
Additional risks or side-effects may become apparent during the study which are now
unknown. If this happens, we will tell you as soon as we know.
22. What are the possible inconveniences?
The project requires that you sign and return the consent form in the stamped selfaddressed envelope
23. What will be done to make sure my child’s information is confidential?
Some information (the video-recording) about your child will be identifiable. This
information will be kept in a locked filing cabinet in the Occupational Therapy
Department of the Royal Children’s Hospital. Other information such as the score your
child receives on the assessments and other general information (e.g. date of birth) will
be coded. This means we will use a number instead of your child’s name. Only the
researchers will be able to match your child’s number and name. We will keep the
information on a password protected computer. After your child turns 25 years old, we
will erase the video recordings and the electronic data and shred any paper documents.
Any information that we collect about your child will remain confidential. We will use your
child’s information only for this research project. Only the researchers involved with this
project and The Royal Children’s Hospital Ethics Committee can have access to this
information. We can disclose the information only with your permission, except as
required by law.
You (as parent/guardian of your child) have the right to access, and request correction
of your child’s information in accordance with the Freedom of Information Act 1982 (Vic).
The information gained from this research project may be used at the completion of the
project in professional journals or at scientific conferences. In this instance only the
coded data will be used and your child will not be able to be identified.
The researchers may want to use your child’s identifiable data (the video-recording) for
a conference presentation or to teach other clinicians how to use the assessment, or
want to use your child’s video recording and scores for further analyses of the Mini-AHA.
The Consent Form has a section where you can give us your permission to do this. You
don’t have to consent to this. You can still be in the research project without consenting
to these extra uses of your child’s information.
24. Will we be informed of the results when the research project is finished?
A written report will be sent at the completion of the study outlining the generalised
findings. In this report no individual infant will be identified. The study is expected to be
completed by the end of 2010.
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If you would like more information about the project or if you need to speak to a member
of the research team in an emergency please contact:
Name:

Mrs Susan Greaves

Contact
telephone:

(03) 9345 5402

Contact e-mail:

sue.greaves@rch.org.au

If you have any concerns about the project or the way it is being conducted, and would
like to speak to someone independent of the project, please contact:
Head of Department
Ethics and Research Department
Human Research Ethics Committee
The Royal Children’s Hospital
Telephone: (03) 9345 5044
OR
Secretary
Human Ethics Committee
Research and Graduate Studies Office
La Trobe University, Victoria, 3086
ph: (03) 9479 1443
e-mail: humanethics@latrobe.edu.au
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Flemington Road, Parkville
Victoria, Australia, 3052
Telephone (03) 9345 5522
ISD (+613) 9345 5522
Facsimile (03) 9345 5789
Web www.rch.org.au

PARENT/GUARDIAN INFORMATION STATEMENT
AND CONSENT FORM – TYPICAL DEVELOPMENT
HREC Project
Number:

28112A

Research Project
Title:

Developing a test of young children’s two-handed skills

Thank you for taking the time to read this Information Statement. This Information
Statement and Consent Form is 5 pages long. Please make sure you have all the
pages.
For people who speak languages other than English: If you would also like information
about the research and Consent Form in your language, please ask the person
explaining this project to you.
Your child is invited to participate in a research project that is explained below.
What is an Information Statement?
These pages tell you about the research project. It explains to you clearly and openly all
the steps and procedures of the project. The information is to help you to decide
whether or not you would like your child to take part in the research.
Please read this Information Statement carefully. You can ask us questions about
anything in it. You may want to talk about the project with your family, friends or health
care worker.
Participation in this research project is voluntary. If you don’t want your child to take
part, you don’t have to. You can withdraw your child from the project at any time without
explanation and this will not affect their access to the best available treatment options
and care from The Royal Children’s Hospital.
Once you have understood what the project is about, if you would like your child to take
part please contact the researcher at the end of the information section. Later you will be
asked to sign the consent form at the end of this information statement. You will be
given a copy of this information and consent form to keep.
25. What is the research project about?
When young children play with toys, they usually use both hands an equal amount of
time and they mostly use both hands together. However, some young children prefer to
use one hand more than the other, or may have difficulty moving one arm or hand. In
these situations it is important that the child’s two-handed skills are assessed so that the
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best advice can be given to families about how to encourage their child’s development.
At the moment there are no tests that can measure a very young child’s two-handed
skills. This project aims to adapt and extend an existing assessment (the Assisting Hand
Assessment or AHA). The AHA is currently used for children between 18 months and 12
years who have difficulty using one arm/hand more than the other. The new test is the
Mini-Assisting Hand Assessment (Mini-AHA). It will be used with younger infants
between 8 and 18 months of age.
Up to 130 infants will be recruited to this study.
For this part of the study, a group of 40 infants who have no problems with their
development of two-handed skills will be video-recorded while they play with toys. We
will use the video-recording to develop the Mini-AHA.
26. Who are the researchers?
Susan Greaves is the Principal Researcher in this project. Sue is a Senior Occupational
Therapist at the Royal Children’s Hospital, Melbourne. She has over 25 years
experience working with infants and their families. This project is part of her PhD studies
in the School of Occupational Therapy at La Trobe University
27. Who is funding this research project?
The research project is being fully funded by a Postgraduate Scholarship, a grant
application through the Royal Children’s Hospital (pending) and other minor university
grants (pending)
28. Why is my child being asked to be in this research project?
Your child is developing normally and there are no concerns with his/her motor
development. Watching a video of how your child uses his/her hands will help us to
understand more about how two-handed skills develop at this young age, and what are
the range of abilities.
29. What does my child need to do to be in this research project?
Your child will have one assessment session at the Royal Children’s Hospital, or at a
place that suits you. The assessment is video-recorded so that it can be scored later by
the researchers. The Mini-AHA takes about 15-20 minutes to do. It involves playing with
toys with both hands. During the Mini-AHA, your child will sit in a secure chair with a
table. The amount of support will be appropriate for your infant’s age and postural skills.
You can to sit next to your child so that he/she feels secure.
30. What are my child’s alternatives to taking part in this project?
You do not have to take part in this project if you do not want to. If you decide to take
part and later change your mind, you are free to withdraw from the project at any stage.
Your decision not to take part will not affect your child’s access to the standard care and
treatment at the Royal Children’s Hospital.
31. What are the possible benefits for my child?
There are no benefits for your infant, although he/she might enjoy playing with the toys.
You might feel good about helping medical research.
32. What are the benefits for other people in the future?
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The development of this assessment may help get an earlier identification of twohanded difficulties. This might let us give earlier advice to families about what they need
to encourage.
The Mini-AHA may also be able to measure improvement in an infant’s skills and help
us know which intervention/advice was most effective. This may help clinicians,
researchers, infants and their families.
33. What are the possible risks, side-effects and/or discomforts?
There are no known/expected risks or side-effects for the children involved in the study.
Most children enjoy playing with the toys used in the Mini-AHA
The principal researcher has many years of experience working with young infants and
their families and ensuring their safety and comfort. However, if your child becomes
upset, the assessment can paused and your child can be comforted. If your child
continues to be upset, then the assessment will be stopped.
Additional risks or side-effects which are now unknown may become apparent during
the study. If this happens, we will tell you as soon as we know.
34. What are the possible inconveniences?
The time required to attend the hospital and complete the assessment. This will take
about 30 minutes plus travel time.
35. What will be done to make sure my child’s information is confidential?
Some information (the video-recording) about your child will be identifiable. This
information will be kept in a locked filing cabinet in the Occupational Therapy
Department of the Royal Children’s Hospital. Other information such as the score your
child receives on the assessments and other general information (e.g. date of birth) will
be coded. This means we will use a number instead of your child’s name. Only the
researchers will be able to match your child’s number and name. We will keep the
information on a password protected computer. After your child turns 25 years old, we
will erase the video recordings and the electronic data and shred any paper documents.
Any information that we collect from you and your child will remain confidential. We will
use your child’s information only for this research project. Only the researchers involved
with this project and The Royal Children’s Hospital Ethics Committee can have access
to this information. We can disclose the information only with your permission, except as
required by law.
You (as parent/guardian of your child) have the right to access, and request correction
of your child’s information in accordance with the Freedom of Information Act 1982 (Vic).
The information gained from this research project may be used at the completion of the
project in professional journals or at scientific conferences. In this instance only the
coded data will be used and your child will not be able to be identified.
The researchers may want to use your child’s identifiable data (the video-recording) for
a conference presentation or to teach other clinicians how to use the assessment, or
want to use your child’s video recording and scores for further analyses of the Mini-AHA.
The Consent Form has a section where you can give us your permission to do this. You
don’t have to consent to this. You can still be in the research project without consenting
to these extra uses of your child’s information.
36. Will we be informed of the results when the research project is finished?
A written report will be sent at the completion of the study outlining the generalised
findings. In this report no individual infant will be identified. The study is expected to be
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completed by the end of 2011.

If you would like more information about the project or if you need to speak to a member
of the research team in an emergency please contact:
Name:

Mrs Susan Greaves

Contact
telephone:

(03) 9345 5402

Contact e-mail:

sue.greaves@rch.org.au

If you have any concerns about the project or the way it is being conducted, and would
like to speak to someone independent of the project, please contact:
Head of Department
Ethics and Research Department
Human Research Ethics Committee
The Royal Children’s Hospital
Telephone: (03) 9345 5044
OR
Secretary
Human Ethics Committee
Research and Graduate Studies Office
La Trobe University, Victoria, 3086
ph: (03) 9479 1443
e-mail: humanethics@latrobe.edu.au
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APPENDIX D: INFORMATION PROVIDED TO MEDICAL PRACTITIONERS
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Research project evaluating bimanual skills in young
children with hemiplegic cerebral palsy
Infants with hemiplegic cerebral palsy OR who are at risk of a future
diagnosis of hemiplegic cerebral palsy are being sought for a
research project aimed at developing a bimanual outcome measure
for these infants between 8-18 months of age.
Whilst many children with this condition develop the ability to walk
and run, they often have greater difficulty using both hands
cooperatively during bimanual tasks. This is often their major
functional impairment. Children with hemiplegia need valid and
reliable outcome measures to evaluate their bimanual skills. This
young age range was targeted as neural plasticity may allow for
beneficial interventions to be employed at this stage of neural
development.
Due to the young age of the infants, and to be certain that the right
infants are recruited, referral to the study will be via a pediatrician,
paediatric neurologist or neonatologist known to the child. We feel
that a family’s consultant is best able to identify these infants and to
judge whether a family would be willing to participate in the study.
If you think that an infant might be suitable, you are asked to discuss
the research project with the family and then to provide them with a
Parent Information Flyer. The families are requested to contact the
principal researcher in the study if they wish to participate in the
study.
The study will commence after December 2008 and continue until
mid 2010.
A more detailed outline of the project is also attached. Alternatively
you can contact the principal researcher, Susan Greaves on (03)
9345 5402 or e-mail sue.greaves@rch.org.au to discuss this project
further. Thank-you for your interest.
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ASSESSING BIMANUAL SKILLS IN YOUNG CHILDREN WITH HEMIPLEGIC CEREBRAL
PALSY: DEVELOPMENT OF THE MINI-ASSISTING HAND ASSESSMENT

CAN YOU HELP?

The Royal Children’s Hospital and La Trobe University are currently conducting a
research project (HREC number: 28112 A) aimed at adapting and revising an existing
bimanual assessment called the Assisting Hand Assessment (AHA) for use with infants
with hemiplegic cerebral palsy between the ages of 8 and 18 months. The AHA is a valid
and reliable tool for children from 18 months to 12 years of age, but there is currently no
outcome measure designed for this earlier critical period of cerebral development.
Difficulty using their “affected” arm and hand cooperatively with their less affected upper
limb during bimanual tasks is often the greatest source of functional impairment for
children with hemiplegia. The development of this new assessment, the Mini-Assisting
Hand Assessment (Mini-AHA), will benefit clinicians, researchers and the children
themselves as it may allow for earlier identification of these movement difficulties and
then the commencement of appropriate advice to families or intervention for these
children. Additionally, the test will be able to evaluate changes in an infant’s bimanual
skills over time and thus measure whether the interventions are effective.
To adapt and revise this assessment up to 100 infants with hemiplegic cerebral palsy in
the age range of 8-18 months are required. To be certain that the right infants are
recruited, infants will need to be identified by a consulting doctor (paediatrician,
neonatologist, paediatric neurologist). Doctors are asked to consider infants in their
practice within these age ranges who may already have a diagnosis of hemiplegic
cerebral palsy OR who are at risk of a future diagnosis of hemiplegic cerebral palsy.
These infants might be deemed at risk if:
1. Early neuroimaging indicates the risk of an evolving asymmetrical motor
disorder
2. You are concerned about signs of asymmetrical motor development
3. Clinical examination reveals asymmetrical muscle tone or reflexes
At exit from the study (at age 18 months), all infants will be reassessed by the research
therapists and consulting doctor for the continued diagnosis of hemiplegic cerebral
palsy. Data from infants where the diagnosis is not confirmed, or where there is
ambiguity will not be included in the study.
To be involved in this project, families in Victoria will be required to participate in a
video-recorded session(s) at the Royal Children’s Hospital, or if that is not convenient at
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a site of the family’s choice. The assessment is video-recorded so that it can later be
scored by the principal researcher and her research associates. Two groups of
participants will be recruited:
1. Infants between 8-18 months will be recruited prospectively and asked to
attend for one or more assessment sessions. At these sessions the Mini-AHA
will be administered. The assessment will be performed by a therapist who is
very experienced working with infants with this condition. After the assessment
she will provide verbal feedback to families about their infant’s bimanual
strengths and difficulties that she observed during the assessment. This will be
followed up with a written report for the families and yourself. However, during
the assessment session(s) and in the report the words hemiplegia or cerebral
palsy will not be used. It will be described as difficulty moving and using one arm
and hand. Likewise, in the Parent Information and Consent Sheet these terms
will not be used. If a family has any queries about their infant’s diagnosis, these
questions will be referred back to you for further discussion. The families also
have the option of completing only one assessment session.
2. A second group of infants will also be recruited to the study
retrospectively. These are children who have already been diagnosed with
hemiplegic cerebral palsy and who have been seen in the Occupational Therapy
department at RCH in the past. As part of the assessment and intervention
process, these children may have had a baseline video recording taken including
a bimanual play session. This data might be able to be used for developing this
assessment. Parents of children who have an appropriate video-recording will be
asked to sign consent for use of these videos in this project. However these
children will still be recruited through their consulting doctor to help confirm their
diagnosis and so that the doctor is aware of their participation.
Whilst we understand that the time of initial diagnosis can be difficult for families, we feel
that you are in the best position to judge whether a family would wish to be involved in
this project. Families are often happy to help with increasing research knowledge and
they may also benefit from attending the observational play session(s) and from the
reports generated from these sessions.
If you would like more information about the project you can contact the Principal
Researcher, Susan Greaves on (03) 9345 5402 or e-mail: sue.greaves@rch.org.au
Thank-you for considering this research project.
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APPENDIX E: PARENT INFORMATION FLYERS FOR PROSPECTIVE AND
RETROPECTIVE RECRUITMENT OF CHILDREN WITH UNILATERAL CP AND
FOR CHILDREN WITH TYPICAL DEVELOPMENT
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PARENT INFORMATION FLYER – PROSPECTIVE RECRUITMENT

DEVELOPING A TEST OF YOUNG CHILDREN’S TWO-HANDED
SKILLS

CAN YOU HELP?
When young children play with toys, they usually use both hands an equal
amount of time and they often use both hands together. However, some young
children prefer to use one hand more than the other, or may have difficulty
moving one arm or hand. In these situations it is important that the child’s twohanded skills are assessed so that the best advice can be given to families about
how to encourage their child’s development.
Researchers at the Royal Children’s Hospital and La Trobe University are
currently undertaking a project to develop a new assessment (the Mini-Assisting
Hand Assessment) to evaluate the two-handed skills of children who have
difficulty using or moving one hand. This new test will be developed for young
infants between 8 and 18 months of age.
Developing the Mini-AHA may help with earlier identification of the two-handed
difficulties experienced by these young infants. This might let us give advice
sooner to families about what they need to encourage. The Mini-AHA may also
be able to measure improvement in an infant’s skills and help us know which
intervention/advice was most effective. This may help clinicians, researchers,
infants and their families.
WHAT WILL I NEED TO DO?
Overall, up to 130 infants will be assessed in order to help us develop this new
test. All the children in the project will be asked to do the Mini-AHA assessment.
This can take place at the Royal Children’s Hospital or a place that suits you.
The Mini-AHA takes about 15-20 minutes to do. It involves playing with toys with
both hands. During the Mini-AHA, your child will sit in a secure chair with a table.
The amount of support will be appropriate for your infant’s age and postural
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skills. You can sit next to your child so that he/she feels secure. The assessment
is video-recorded so that it can be scored later by the researchers.
Some families will be asked to complete one or two further assessment
sessions. The number of assessment sessions will depend partly on your child’s
age and also whether you wish to participate in more than one session. The tests
will again be video-recorded.
DO I NEED TO BE INVOLVED IN THIS PROJECT?
You do not have to take part in this project if you do not want to. If you decide to
take part and later change your mind, you are free to withdraw from the project at
any stage. Your decision not to take part will not affect your child’s access to the
standard care and treatment at the Royal Children’s Hospital.
WHAT ARE THE POSSIBLE BENEFITS FOR MY CHILD?
The therapist can give you feedback about your infant’s two-handed skills and
any strengths and difficulties that she observed during the assessment. This will
be followed up with a written report for you and your doctor. This may give you
ideas about ways to encourage your child’s development of two-handed skills.
WHAT DO I DO NOW?
If you are interested in participating in the study you can contact the researcher
listed below. She will provide you with a Parent Information and Consent Form.
These pages tell you about the research project in even more detail. It explains
to you clearly and openly all the steps and procedures of the project. The
information is to help you to decide whether or not you would like your child to
take part in the research.
Please read this Parent Information Form carefully. You can ask us questions
about anything in it. You may want to talk about the project with your family,
friends or health care worker.
Once you have understood what the project is about, if you would like your child
to take part please re-contact the researcher and she will organise the
assessment session. At this session you will be asked to sign the consent form
at the end of this information statement. You will be given a copy of this
information and consent form to keep.
For further information about this project or would like to participate, please
contact:

Susan Greaves
Senior Occupational Therapist
Royal Children’s Hospital
Ph: (03) 9345 5402
e-mail: sue.greaves@rch.org.au
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PARENT INFORMATION FLYER – RETROSPECTIVE RECRUITMENT

DEVELOPING A TEST OF YOUNG CHILDREN’S TWO-HANDED
SKILLS

CAN YOU HELP?
When young children play with toys, they usually use both hands an equal
amount of time and they often use both hands together. However, some young
children prefer to use one hand more than the other, or may have difficulty
moving one arm or hand. In these situations it is important that the child’s twohanded skills are assessed so that the best advice can be given to families about
how to encourage their child’s development.
Researchers at the Royal Children’s Hospital and La Trobe University are
currently undertaking a project to develop a new assessment (the Mini-Assisting
Hand Assessment) to evaluate the two-handed skills of children who have
difficulty using or moving one hand. This new test will be developed for young
infants between 8 and 18 months of age.
Developing the Mini-AHA may help with earlier identification of the two-handed
difficulties experienced by these young infants. This might let us give advice
sooner to families about what they need to encourage. The Mini-AHA may also
be able to measure improvement in an infant’s skills and help us know which
intervention/advice was most effective. This may help clinicians, researchers,
infants and their families.
WHAT WILL I NEED TO DO?
Overall, we will need up to 130 video-recordings of infants playing with toys with
both hands in order to develop this new test (Mini-AHA). However, we will also
be able to use previous video recordings made by Occupational Therapists at
the Royal Children’s Hospital of children playing with toys if they are suitable. In
this instance the family do not need to do anything further. We already have a
video of your child playing with toys. We would like to use this video-recording.
We will use the video to help develop the Mini-AHA.
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DO I NEED TO BE INVOLVED IN THIS PROJECT?
You do not have to take part in this project if you do not want to. If you decide to
take part and later change your mind, you are free to withdraw from the project at
any stage. Your decision not to take part will not affect your child’s access to the
standard care and treatment at the Royal Children’s Hospital.
WHAT ARE THE POSSIBLE BENEFITS FOR MY CHILD?
As the assessment session was recorded in the past, your child’s two-handed
skills will have progressed from that point. Any information that the researchers
can gain from viewing the recording will be out of date and not relevant to your
child’s current level. The benefits to your child therefore are limited. However,
you might feel good about helping medical research.
WHAT DO I DO NOW?
If you are interested in participating in the study you can contact the researcher
listed below. She will provide you with a Parent Information and Consent Form.
These pages tell you about the research project in even more detail. It explains
to you clearly and openly all the steps and procedures of the project. The
information is to help you to decide whether or not you would like your child to
take part in the research.
Please read this Parent Information Form carefully. You can ask us questions
about anything in it. You may want to talk about the project with your family,
friends or health care worker.
Once you have understood what the project is about, and if you would like your
child to take part, sign the consent form and return it in the stamped selfaddressed envelope. You will be given a copy of this information and consent
form to keep.
For further information about this project or would like to participate, please
contact:

Susan Greaves
Senior Occupational Therapist
Royal Children’s Hospital
Ph: (03) 9345 5402
e-mail: sue.greaves@rch.org.au
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PARENT INFORMATION FLYER – CHILDREN WITH TYPICAL DEVELOPMENT

DEVELOPING A TEST OF YOUNG CHILDREN’S TWO-HANDED
SKILLS

CAN YOU HELP?
When young children play with toys, they usually use both hands an equal
amount of time and they often use both hands together. However, some young
children prefer to use one hand more than the other, or may have difficulty
moving one arm or hand. In these situations it is important that the child’s twohanded skills are assessed so that the best advice can be given to families about
how to encourage their child’s development.
Researchers at the Royal Children’s Hospital and La Trobe University are
currently undertaking a project to develop a new assessment (the Mini-Assisting
Hand Assessment) to evaluate the two-handed skills of children who have
difficulty using or moving one hand. This new test will be developed for young
infants between 8 and 18 months of age.
Developing the Mini-AHA may help with earlier identification of the two-handed
difficulties experienced by these young infants. This might let us give advice
sooner to families about what they need to encourage. The Mini-AHA may also
be able to measure improvement in an infant’s skills and help us know which
intervention/advice was most effective. This may help clinicians, researchers,
infants and their families.
WHAT WILL I NEED TO DO?
Overall, up to 120 infants will be assessed in order to help us develop this new
test. For this part of the study, a group of 20 infants who have no problems with
their development of two-handed skills will be asked to do the Mini-AHA
assessment. This can take place at the Royal Children’s Hospital or a place that
suits you. The Mini-AHA takes about 15-20 minutes to do. It involves playing with
toys with both hands. During the Mini-AHA, your child will sit in a secure chair
with a table. The amount of support will be appropriate for your infant’s age and
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postural skills. You can sit next to your child so that he/she feels secure. The
assessment is video-recorded so that it can be scored later by the researchers.
DO I NEED TO BE INVOLVED IN THIS PROJECT?
You do not have to take part in this project if you do not want to. If you decide to
take part and later change your mind, you are free to withdraw from the project at
any stage. Your decision not to take part will not affect your child’s access to the
standard care and treatment at the Royal Children’s Hospital.
WHAT ARE THE POSSIBLE BENEFITS FOR MY CHILD?
There are no benefits for your infant, although he/she might enjoy playing with
the toys. You might feel good about helping medical research.
WHAT DO I DO NOW?
If you are interested in participating in the study you can contact the researcher
listed below. She will provide you with a Parent Information and Consent Form.
These pages tell you about the research project in even more detail. It explains
to you clearly and openly all the steps and procedures of the project. The
information is to help you to decide whether or not you would like your child to
take part in the research.
Please read this Parent Information Form carefully. You can ask us questions
about anything in it. You may want to talk about the project with your family or
friends.
Once you have understood what the project is about, if you would like your child
to take part please re-contact the researcher and she will organise the
assessment session. At this session you will be asked to sign the consent form
at the end of this information statement. You will be given a copy of this
information and consent form to keep.
For further information about this project or would like to participate, please
contact:

Susan Greaves
Senior Occupational Therapist
Royal Children’s Hospital
Ph: (03) 9345 5402
e-mail: sue.greaves@rch.org.au
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APPENDIX F: EXAMPLE TOYS FROM SIX DIFFERENT TOY CATEGORIES

(1) Toys with handles (one of five possible toys provided)

Description: An infant rattle with three wooden sides that could be grasped
(2) Large Toys (one of four possible toys provided)

Description: A plastic children’s book
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(3) Toys that can be pushed together/pulled apart (one of five possible toys
provided)

Description: A slinky

(4) Toys with one part inside/ inserted into another part (one of six possible toys
provided)

Description: A toy lizard in a plastic tube
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(5) Toys with varied surfaces to explore or which produce sounds (one of six
possible toys provided)

Description: A child’s toy phone that makes a noise when the buttons are pressed

(6) A pair of toys meant to be played with together (one of four possible toys)

Description: A pair of small maracas
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APPENDIX G: OPERATIONAL DEFINITION OF TERMS AND BIMANUAL
BEHAVIOURS
1. General information
Number of toys given
Based on clinical judgement, each child was provided with a selection of toys from the six
different types of toys: (1) toys with handles to hold, (2) large toys, (3) toys that can be pulled
apart or pushed together, (4) toys with one part inside/inserted into another part, (5) toys with
varied surfaces to explore or which produce sounds, and (6) a pair of toys meant to be played
with together. Toys were provided until the full range of bimanual actions was either elicited or
the child was deemed unable to perform the action. The final number of toys was recorded.
Occasions when interested in the toy
Children were observed to be interested in toys when they reached for them and played with them
(either bimanually or unimanually) for a period of time. Disinterested behaviour across all age
groups and severity levels included not touching or handling the toy, picking up and throwing the
toy, playing for a very short time and then discarding, continuous mouthing without examining or
manipulating, and looking elsewhere and not at the toy.
2. Play actions
Unimanual play actions: Played with one hand
This behaviour was scored only if the child was interested in the toy and occurred when the child
reached for the toy and played with one hand only (shaking, banging etc.).
Bimanual play actions
Bimanual play actions were only scored when the action was performed on the child’s own
initiative. Demonstration of the toys’ properties could be performed by the researcher – but the
bimanual action was not scored if the child required physical assistance to complete it.
One hand versus two handed reaching
Distinction between uni- and bimanual reaching depended whether one or two arms were
extended toward the object. If one arm was extended toward the object without activating the
other arm or if the second arm was only activated after the first hand had contacted the toy; then
this was scored as unimanual reaching. Bimanual reaching occurred when the infant extended
both arms toward the toy and contacted the toy, with some overlap in time between the
movements of both arms. Contact with the toy did not have to be bimanual as children may
extend both arms towards the toy, but then only pick it up with one hand (Corbetta & Bojzyk,
2002; Corbetta & Thelen, 1996).
Bimanual holding
Was scored when both hands held a single toy for a period of time (over 2 seconds). This may
have occurred when both hands were required to pick up and maintain hold of a toy or because
both hands were needed to stabilise or steady the toy. Bimanual holding could be scored when
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symmetrical actions were taking place such as pulling apart toys or squeezing a toy with both
hands. However, the contact with both hands on the toy needed to be over 2 seconds. Bimanual
holding was not scored as part of a sequence of movement of transferring or turning/rotating
when the two hands were only briefly holding the toy at the same time; nor when two toys were
picked up and were held (one in each hand).
Transfer
(a) Multiple: This behaviour was observed when a toy was passed from one hand to the other
hand and at least back to the first hand. This bimanual action may have involved quick release
between the two hands – or it may have involved a longer period when both hands were holding
the toy. However, the intention was to pass the toy from hand to hand.
(b) Single: This behaviour was scored when one hand passed a toy to/from the other hand and left
it there. It was not scored when one hand joined the other hand on the toy, nor when one hand let
go of the toy after bimanual holding.
(c) Total: The frequency counts of multiple and single transfer scores were summed to provide a
“total” transfer score.
Turning/Rotating toys using both hands
This behaviour was observed when the child used both hands to turn the toy around during
exploratory play or to re-orient for manipulation. If the toy was turned using the motions of a
single hand (for example forearm rotation), this was not counted as turning/rotating.
Symmetrical bimanual movements
Were observed when both hands moved together simultaneously or moved sequentially using a
similar action. For example when banging two toys together, banging toys on the table or when
pulling apart objects such as the slinky using both hands. The actions of both hands did not have
to be equal in range to be counted as symmetrical; but they had to be the same action.
Asymmetrical bimanual movements
Were observed when each hand performed different action related roles, which were coordinated
to complete a manipulation or bimanual task. The different actions were required to have
complementary functions with one hand supporting or stabilising and one hand manipulating,
exploring the toy or completing an act.
Stabilise by weight or support
This action was scored when the child stabilized a toy on the table or against their body by
putting their hand or arm on top of the toy as a weight, or by using their arm as a support on or
beside objects, or by using their arm to stabilize objects close to their body but without using
their fingers to grasp. Additionally it was scored if the hand joined as support when the other
hand was holding the toy, or combined in an action with the other hand though without grasping.
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APPENDIX H: MINI-AHA ORDERED OUTCOME FORM

Name

Hemi

Date of
examin.
Date of
birth
Age

R

L

-aff

R

L

-pref

Other diag.
0
0
years

Months:

0

Assessor

0

Holds

Contact
with objects

Grasps from
an easy
position

Stabilizes
by weight
or support

Amount of
use

Holds most kinds of objects (self-initiated), closes fingers actively around the
objects, and has placed the object in the hand on her/his own.
Holds a few objects that are particularly easy to hold (self-initiated), or holds
with passive grip Has placed the objects in the hand on his/her own.
Holds (actively or passively) objects that are placed in the AH by others or only
holds objects on verbal instruction.
Does not hold objects that are placed in the hand or refuses to have objects
placed in the AH or does not hold on verbal instruction.
The AH/arm is most often in contact with the objecs to stabilize, support or
hold.
The AH/arm most often touches the objects, but without holding or stabilizing
them.
The AH/arm is activated, held in the air and moved towards, but does most
often not touch the objects.
Most often no indication of using the AH, e.g., the hand is held in the air, still
on the table or under the table.
Grasps easily and consistently when objects are presented in an easy to grasp
position. Or, has more advanced grasping ability, e.g. also grasps directly from
the table.
Grasps often, but not always objects that are presented in an easy to grasp
position. May make a few attempts to grasp before succeeding.
Grasps on a few occasions objects that are presented from an easy to grasp
position, or grasps only on physical prompt, or grasps by chance, or tries to
grasp but does not succeed.
Does not try to grasp objects presented from an easy to grasp position, or tries
to grasp on single occasion.
The objects are stabilized effectively on the table or against the body by using
the hand (without grip), wrist or arm as weight or support. Or, the child almost
always uses grip for stabilization.
Questionable whether the objects are effectively stabilized by weight or
support.
Stabilises objects with some difficulty or effort. A number of objects may slip
or slide.
Does not stabilize objects using weight or support, i.e. objects most often slip,
or tries to stabilize but mostly does not succeed.
Always uses the AH/arm in activities when it is natural or advantageous to use
both hands.
Uses the AH/arm most often but not always in activities when it is natural or
advantageous to use both hands.
Uses the AH/arm sometimes, but (most) often not when it is natural or
advantageous to use both hands.
Does not use the AH/arm where it is natural or advantageous to use both hands.

Moves
upper arm

Moves
fingers

Easily and often uses varied positions of the upper arm with a large and
equilateral range.
Often uses varied positions of the upper arm within a large range but not
equilaterally.
Seldom uses varied positions of the upper arm and/or within a small range, or
moves the upper arm within a relatively large range but on single occasion.
Does not change the position of the upper arm or on a single occasion changes
the position of the upper arm.
Often and easily moves the fingers actively, extends and flexes fingers fully
and opposes thumb.

most
often

Mini-AHA
Mini Assisting Hand Assessment, English version 2.0
4
3
2
1
4
3
2
1
4
3
2
1
4
3
2
1
4
3
2
1
4
3
2
1
4
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Moves
forearm

Stabilizes
by grasp

Reaches

Often moves the fingers actively, but possibly not with a full range of
movement, e.g. does not extend the thumb fully.
Seldom moves the fingers actively or has difficulties moving the fingers, e.g.
has difficulties flexing or extending the fingers, moves the fingers with a
limited range of movement.
Does not actively move the fingers, e.g., keeps the hand fisted or open and
flaccid, or the fingers hyper extended, or actively changes finger position on
single occasion.
Easily uses equilateral and varied forearm positions within a large within a large
and equilateral range.
Uses varied positions of the forearm within a large range, i.e., supinates and
pronates more than midway but not equilaterally.
Small variation of the position of the forearm, e.g. does not supinate more than
midway or does not pronate fully.
Does not change the position of the forearm, or on single occasion changes the
position of the forearm.
The objects are held stable in the hand through efficient stabilization by using
grip.
Questionable whether the objects are held stable in the hand. The grip is
possibly not quite efficient but the performance is not affected, i.e. the
objects do not slip or glide.
Some difficulty, delay and/or increased effort to stabilise the objects with
grip. The objects sometimes slip or are dropped, or stabilisation is combined
with movements towards the body.
Does not stabilise with grasp, i.e., most often drops the objects or does most
often not grasp with the AH.
Reaches for the objects successfully within normal reach including forward and
to the sides. Reaches equally often with AH as with DH.
Reaches for the objects but perhaps not within a normal reaching range. Or
seldom reaches with AH/arm but when so, reaches with full range.
Difficulty reaching the objects. Inefficient, limited reaching, compensatory
movements are not enough to reach the objects. Or seldom reaches for the
objects and when so, not equilaterally.
Does not reach or does not try to reach for the objects.

Initiates
use

Spontaneously, most often initiates use of the AH/arm as quickly as the DH,
even when it is not necessary for completion of the task.
Slight delay in initiating use of the AH/arm. Most often the DH touches the
objects first, the AH/arm is used with a delay that does not obviously affect
the activity outcome.
Most often initiates use of the AH after a long time that delays performance,
or only after a verbal request or when the objects are handed directly to the
AH.
Does mostly not initiate use of the AH.

Releases

Flow in
bimanual
task
performance

Objects are released with ease, often to the table but also to the PH or to the
therapist, or, to the table by easily letting it drop or throwing it away in a
voluntary manner.
Objects are most often released with slight slowness, some awkwardness or
effort, either to the table, to the PH or to the therapist.

2

1
4
3
2
1
4
3

2
1
4
3
2
1
4
3

2
1
4
3

Objects are most often released with difficulty, and the release is slow.

2

Most often the object is pulled from the AH with some effort, or involuntarily
drops the objects, or does not hold objects and therefore does not release.

1

Bimanual tasks are performed independently, easily and successfully, and are
not affected by possible movement restrictions.
Bimanual tasks are performed independently and successfully but are mildly
affected by limited function in the assisting hand/arm.
Bimanual tasks are mostly performed independently and successfully but with
increased effort, or some slowness or difficulty due to limited
function/structure in AH/arm.
Bimanual tasks are mostly not performed independently and successfully due to
limited function/structure in AH/arm, or tasks that require bimanual ability are
mostly not performed.
Often, easily and automatically re-grasps objects, often readjusts grip.

Readjusts
grasp

3

Questionable ability or slight delay in changing/readjusting grip, but changes
grip relatively often.
Seldom re-grasps an object or has difficulties in changing/readjusting grip.
Most often holds the objects with the same grip throughout the task.
Does not change/readjust grip even though it is ineffective, which results in
breakdown of some task, or does most often not use grip.

4
3
2

1
4
3
2
1
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Symmetrical
arm/hand
use

Both hands most often hold object(s) simultaneously with equal quality of grasp.
And, the AH/arm most often performs symmetrical movements with an equal
range and frequency
Both hands hold the object/s, but the AH may hold with a somewhat awkward
grasp. Or, the assisting AH/arm uses symmetrical movements with a somewhat
smaller range and/or less frequency than the other hand.
The AH hand holds the object awkwardly, or holds the object briefly, or does
not hold but supports the object while the other hand is holding. Or, the
AH/arm is held still, or moves within in a small range during symmetrical
movements.
The AH is most often not used.

Adjusts arm
position to
grasp

Grasps
(object
location)

Varies type
of grasp

Chooses
AH
when closer
to objects

Bimanual
manipulation

4

3

2

1

Adjusts the arm/hand position consistently and automatically when grasping or
stabilising depending on the nature of the task and shape, size and orientation
of the objects
Questionable if the arm/hand position is adjusted (efficiently). Adjustments
are seen, but not consistently or not to the desirable position, or is somewhat
slow to achieve an effective orientation
Seldom or inefficiently varies the position of the hand/arm which may results in
an awkward orientation of the object in the hand or unstable or inefficient
grasp. Or, adjust the position of the arm only after having touched the object.
Does not adjust the position of the hand when grasping or trying to grasp, or
when attempting to grasp, the position of the hand makes grasping
unsuccessful, or does not grasp.
Most often grasps objects of different shapes and sizes from the table,
automatically and with ease. May not use perfect precision.
Most often grasps objects from the table but with some effort, delay or slow
movements. Or grasps (>2) objects from table but most often grasps from PH.
Almost always grasps objects from the PH, or grasps objects that are held by
another person.
Most often places objects in the hand by using the DH, or, opens the hand
passively by using the objects, the other hand, or another person, or does not
keep objects in the hand.
Use age appropriate grasps patterns adjusted to the nature of the tasks and
the shape and size of the objects
Uses most age appropriate grasp patterns, the grasps sometimes look slightly
awkward.
Has stereotyped grasps, atypical grasps or lacks the ability to use certain
grasps.
Most often not grasp, or may try to grasp, but with one stereotyped grasp and
how the object is positioned is quite random and inefficient.
Uses the AH/arm automatically when it is closer to the objects even if the DH
could have been used.
With some hesitation, slight difficulty or delay, uses the AH to handle objects
placed on the AH side.

4

3

2

1
4
3
2
1
4
3
2
1
4
3

Uses the AH to handle objects placed on the AH side, but with difficulty.

2

Always use the PH to handle objects on the AH side, or tries to use AH but
does not succeed, or only touches the object, or ignores objects on AH side

1

Uses both hands equally and interchangeably for both holding and manipulating.

4

Uses both hands to both hold and manipulate, but the assisting hand is most
often used for holding and only sometimes used for manipulating. AND, the AH
manipulates objects with slightly less quality of movement.
The AH always holds or stabilizes objects while the preferred hand does an
action to the object. Or the assisting hand manipulates objects that are held by
the other hand on single occasion.
The AH is most often not used.

Name:

3

2
1

Sum
score

