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Whilst traditionally motor learning literature cautions against a self-focus during
movement execution, there is an argument for the benefits of a somaesthetic awareness when
utilised appropriately. Evidence suggests that paying attention to the body (i.e. an internal
focus of attention) can be advantageous for afferent proprioceptive processing during motor
skills wherein this information is relevant for successful task execution. It stands to reason
that this approach may also hold true for individuals with movement disorders, such as
Sydenham chorea syndrome: a rare neurological condition that results in rapid, involuntary,
and uncoordinated movements. The present study provides a case study of two children (age
10 and 11 years), unable to walk independently due to low postural stability from Sydenham
chorea syndrome. Both children completed ‘10-Meter Walk’ and ‘Timed Up and Go’ tests as
a baseline, before undergoing three sessions per week of an intervention, for three months.
Both children practiced walking and dynamic balance, with one child instructed to focus on
their feet (i.e., an internal focus) and the other on signs installed along the path of movement
(i.e., an external focus). A post-test experimental phase was then conducted to measure
learning. Results revealed superior within-session learning and retention when adopting an
internal focus of attention. When movement disorders create ambiguity in motor efference, an
internal focus on task-relevant proprioceptive information may facilitate more appropriate
movement organisation. This supports a recent body of literature, which argues that an

internal focus of attention has task-dependent advantages.

Keywords: neurological disorders, attention, instructions and feedback, motor
learning

Lay-Abstract
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Sydenham chorea syndrome is a rare neurological movement disorder, resulting in
involuntary and uncoordinated movements. The present case study found that children with
this condition have improved walking performance when able to attend to their body
movements (i.e. an internal focus of attention). This has implications for future clinical

practice.

Implications for Applied Practice
1. An internal focus of attention may benefit motor learning in children with Sydenham
chorea
2. Practitioners may wish to use internal focus of attention cues when helping children

re-learn to walk

3. Individual differences are important to consider when designing instructional

interventions
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Attention is the gateway between environmental information and perception for action
(Carrasco, 2011; Knudsen, 2007). Hence, optimising an individual’s focus of attention is
essential to enhancing performance (Abedanzadeh et al., 2022). Generally, individuals can
focus their attention either internally on the kinesthetics of their body movements or
externally on the environmental effects of their movements. For example, focusing on the
movement of one’s feet (an internal focus), versus the path taken through the environment
when walking (an external focus). The superior focus for motor learning, cognition, form,
and performance, has been subject to considerable debate (for reviews see Chua et al., 2021;
Flores et al., 2024; Gottwald et al., 2023; McKay, 2024; Wulf, 2013).

Wulf and colleagues have long since proffered the constrained action hypothesis to
account for the wealth of benefits from an external focus of attention (Wulf et al., 2001;
Waulf, 2013). They argue that it reduces an individual’s likelihood of consciously constraining
movement organisation by enabling the motor system to self-organise and free up cognitive
resources that can be dedicated elsewhere on the task. This has since been extended by the
OPTIMAL theory of motor learning (Wulf & Lewthwaite, 2016; 2021) which, in addition to
advocating for external foci’s automaticity-facilitative functions, also suggests that
individuals’ autonomy and expectancies for success are important facilitative factors.
Interestingly, a large majority of literature lends support to notions of external foci’s
superiority in a diverse range of sports and populations (for reviews see Chua et al., 2021;
Flores et al., 2024; Wulf, 2013). However, with greater recognition in the knowledge base of
occurrences of publication biases (e.g., Freccia & de Carvalho, 2022; Ioannidis, 2005),
McKay and colleagues (2024) illustrate that the attentional focus literature is unlikely exempt
from this crisis.

Moreover, there has been a body of literature that raises doubts as to the rigidity of the
constrained action hypothesis and suggests that the impact of an individual’s focus may

depend on more nuanced contextual factors (e.g., Collins et al., 2016; Gottwald et al., 2020;
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Toner & Moran, 2015; 2016). Accordingly, Gottwald et al. (2023) proposed the ‘ecological
dynamics account of attentional focus’ to address the rigidity of previous theoretical
mechanisms. The model suggests that an optimal focus of attention can be achieved by
embracing greater flexibility, as an individual exploits the distinct functions of both external
and internal foci. To achieve optimal perception for action, an individual’s focus of attention
may need to be congruent with task demands and the most relevant task information. For
example, tasks reliant on the manipulation of the environment (e.g., target shooting) may
exhibit superior self-organisation with an external focus on relevant aspects in the
environment. Conversely, tasks reliant on the manipulation of bodily positioning (e.g., artistic
gymnastics) may exhibit superior self-organisation with an internal focus on relevant aspects
concerning the body. Selecting the most relevant focus of attention for a task may benefit
cognitive and physical efficiency given that actions are organised based on the most relevant
perceptual information. Therefore, conversely to the constrained action hypothesis (Wulf et
al., 2001) and OPTIMAL theory of motor learning (Wulf & Lewthwaite, 2016; 2021), there
may indeed be contexts in which a somaesthetic awareness results in superior outcomes; one
such context may involve overcoming movement disorder.

Sydenham chorea was first described by Thomas Sydenham in 1686 under the name
“Saint Vitus dance” (Vale & Cardoso, 2015). It is a neurological disorder that can occur
following rheumatic fever from A B-hemolytic Streptococcus infection (Marques-Dias et al.,
1997). Specifically, the antibodies fighting this infection can cross-react with the basal
ganglia and impair its functioning either temporarily or permanently (Gurkas et al., 2016).
This results in movement disorder, such as rapid, involuntary, and uncoordinated movements
(Gurkas et al., 2016). Sydenham chorea can also manifest neuropsychiatric disorders, such as
attentional deficit, anxiety, executive function disorder, and/or obsessive-compulsive disorder
(Punukollu et al., 2016). Hereditary and environmental factors can play a role in Sydenham’s

chorea risk (Walker, 2011; Veasy et al., 2004; Gaibani et al., 2015). However, despite being
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on the decline worldwide, Sydenham chorea remains one of the most common forms of
autoimmune chorea in children (Punukollu et al., 2016) and is especially prevalent in
developing countries (Seckeler & Hoke, 2011).

It stands to reason that Sydenham chorea’s disruption of motor efference and
executive functioning would require individuals to engage in motor processing more typical
of the cognitive stage of learning, wherein individuals require conscious, slow, and step-by-
step processing of movement form (Fitts & Posner, 1967). These processes may be facilitated
by an internal focus of attention, where movement planning can directly aim to address issues
in form (Davies at al., 2024). Such proposals are in line with the ecological dynamics account
of focus of attention (Gottwald et al., 2023), which would hypothesise that the disturbances to
motor processing (classed as an individual constraint) would emphasise the importance of
distributing limited attentional resources to task relevant bodily specifying information.
Specifically, someone with Sydenham chorea may be able to prepare more deliberate and
thus appropriate actions via an improved perception-action coupling. Similar proposals have
been made concerning children with developmental coordination disorder, wherein strategies
which benefitted movement planning benefitted movement outcomes, likely by allowing for
more efficient utilisation of cognitive resources to compensate for coordination deficiencies
(Candler & Meeuwsen, 2002; Wood et al., 2017).

Our primary aim was to determine whether children with this neurological condition
would achieve greater motor function via extensive practice using a well-established external
focus of attention protocol versus an internal focus on relevant body-centred task
information. However, given the rarity of Sydenham chorea, as well as the magnitude of
practice likely required to achieve long-term behaviour change in this population, we
determined a case study approach most appropriate for the present investigation. We

hypothesised that patients with Sydenham chorea would attain better movement function with
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an internal focus by facilitating step-by-step processing of proprioceptive task-relevant
information.
Methods

Philosophical Standpoint

The present case study is informed by a post-positivist research philosophy (Hackfort
& Schinke, 2020), wherein we accept the robust benefits of an external focus in the literature,
whilst also acknowledging individual differences and contextual factors that may mean that
this effect is not unanimous. Whilst absolute objectivity is an unrealistic objective, we aimed
to identify cause and effect relationships by using quantitative and qualitative approaches in
conjunction and confirm data beyond statistical findings. In doing so, we adhered to
naturalistic generalisation, wherein the case study features rich description, to allow readers
to generalise this information to their own situations and experiences (Stake & Trumbull,
1982; Hellstrom, 2008).
Case Description

Two male children with Sydenham's chorea syndrome participated in this study with
consent from their parents (henceforth referred to as patients). One patient was 11 years old
(Patient 1) and the other 10 years old (Patient 2). Both patients were referred to the Center for
Development and Learning of Exceptional Children, with symptoms of Sydenham's chorea.
Initial motor assessments showed that the patients had severe difficulty in balance and
walking skills and showed severe muscle weakness. Upon arrival at the clinic, it was
established that these patients exhibited postural instability and were not able to walk
independently. The multiplanar multisequence MRI images of both patients’ brains, without
gadolinium injection, demonstrated: the intra and extra cerebral cerebrospinal fluid spaces in
infra and supratentorial compartments were normal; the cerebral aqueduct was normal; no
hydrocephalus was detected; no midline shift was detected; in both cerebral hemispheres, the

cortex and white matter had normal intensity with no definite sign of mass change or
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infarction; both thalamus and basal ganglia were normal; normal myelination of cerebral
white matter and normal development of corpus callosum for the patients’ age; the 7th-8th
nerve complexes were normal; in both cerebellar hemispheres, the cortex and the white
matter had normal intensity; the vermis and brain stem were normal; no pathologic
abnormality was observed in the pineal body and the sellar region; the craniocervical junction
was normal; the orbital structures and paranasal sinuses were normal; and no extra-axial mass
or hematoma or fluid collection could be seen.
Instruments
10-Meter Walk Test

To perform this test, the patient walked 10 m without aids at comfortable gait speed.
Time was measured, with the stopwatch tool of a smartphone, while the individuals walked
the set distance (10 m). Three trials were administered at the patient’s comfortable walking
speed. The mean time taken to walk the 10m was calculated across the three trials. This test
was used to assess the walking performance of the patients (de Baptista et al., 2020).
Timed Up and Go Test

Patients are required to stand up from a seated position on a chair (with an armrest) to
the bipedal position, walk 3 m, before turning, returning, and sitting in the chair again. The
test is scored using a measure of the total time (in seconds) taken to complete the Timed Up
and Go test. The test was performed according to the modifications for children described by
Williams et al. (2005). The height of the chair was modified for each patient so that the feet
were in contact with the floor with a knee flexion of 90 degrees. For the Timed Up and Go
test, the fastest of three attempts is taken each time. The Timed Up and Go test was used to
assess dynamic balance of the patients (Nicolini-Panisson et al., 2014; Williams et al.,
2005).

Procedure and Intervention
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This project was implemented in a specialized clinic for the development and motor
learning of exceptional children. At first, the patients were informed about the research tool
and the purpose of the research (the patients were able to follow instructions and were able to
understand the researcher's speech). Then, both patients were asked to perform 2 attempts at
10-Meter Walk and Timed Up and Go as a familiarization attempt. Then, the patients
performed three attempts at 10-Meter Walking and Timed Up and Go tests as a pre-test. The
patients were categorized into two codes: 1 and 2. Patient 1 was assigned an internal focus of
attention intervention (i.e., asked to focus on his feet during both the 10-metre walk test and
the Timed Up and Go test) and Patient 2 was assigned an external focus of attention
intervention (i.e., asked to focus on the signs installed along the path of movement during
both the 10-Meter Walk test and the Timed Up and Go test). The intervention consisted of a
three-month period of 36 sessions (three sessions per week with 20 attempts at 10-Meter
Walking and Timed Up and Go tests in each session). Essentially, the patients performed a
total of 720 attempts while utilising their focus of attention instructions. After completing the
intervention trials, the patients were immediately administered a post-test (three trials)
without attentional focus instructions. Also, after one week of no intervention, the patients
were administered a retention test (three trials) to assess the lasting effects of the attentional
focus conditions. It should be noted that since the patients' scores were measured based on
time; lower times indicate better performance in all sessions.

Dependent Measures and Analysis

Motor learning was computed from the 10-Meter Walking and Timed Up and Go tests
via pre-, post-, and retention tests. These were transformed into two ‘change’ scores to
express learning in percentage terms. Acquisition Change was computed as follows:
Acquisition Change = (Post-test — Pre-test) / Pre-test. Retention was computed as follows:
Retention Change = (Retention test — Pre-test) / Pre-test. Thus, a more negative change score

would indicate an improvement. These change scores were converted to a percentage to
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enable normalized motor learning comparisons between two interventions (i.e., internal vs.
external) (see Kesar et al., 2014 for a similar approach). Additionally, the parents of the
patients gave verbal feedback on the intervention at the end of the study based on their
interactions with, and observations of, their child; this data provided anecdotal perceptions
via quotes.
Results

Table 1 as well as figures 1 and 2 show the intervention effects in terms of acquisition
and retention changes. Feedback from the parents of the patients at the end of the study
included Patient 1’s parent commenting that before the internal focus intervention “my child
initially had very uneven and unbalanced walking” and that “I observed improvement in each
session compared to the previous session”. Patient 1 now “does not at all want to use the role
of an assistant or others when walking and is completely willing to walk independently”.
Meanwhile, the parent of patient 2 commented that the external focus intervention led to “a
small amount of stability has been created, but it is not enough to create a dramatic
improvement” and commented that “I would like to see my child in a situation where he has

made very good progress ... and can perform tasks similarly to his normal peers”.

Table 1

Summary of Results Showing Mean Performance and Change Scores for 10-Meter Walking
and Timed Up and Go Tests Across Experimental Phases

Test Patient Pre-Test | Post-Test | Retention | Acquisition | Retention
Time (s) | Time (s) | Time (s) Change (%) | Change (%)

10-Meter | Patient 1:

Walking | Internal Focus 14.15 10.63 950 25 33
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Patient 2:

External Focus

14.33

14.25

14.81

+03

Timed
Up and
Go

Patient 1:
Internal
Focus

11.65

10.41

9.80

-11

-16

Patient 2:
External
Focus

12.01

13.14

15.10

+09

+26

Note. Acquisition Change = (Post-test — Pre-test) / Pre-test. Retention Change = (Retention

Test — Pre-test) / Pre-test.

Figure 1

Graph Depicting the Mean Performance for Participants Performing the 10-Meter Walk Test
Across Experimental Phases
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Discussion

The present case study was designed to embrace the value of naturalistic
generalisation, and nuanced responses to attentional focus interventions, based on individual
differences (Stake & Trumbull, 1982; Hellstrom, 2008). We followed two children exhibiting
symptoms of Sydenham’s chorea syndrome, over an extended period of practice (totalling 36
sessions). Patient 1 adopted an internal focus of attention and Patient 2 an external focus.
Experimental phases consisted of a pre-test, sustained practice phase, and a post-test. At the
end of the 12-week programme, Patient 2 revealed superior motor learning outcomes via 10-
Meter Walk and Timed Up and Go tests.

These findings are inconsistent with what would be hypothesised by traditional
models accounting for the focus of attention effect, such as constrained action hypothesis
(Wulf et al., 2001) and OPTIMAL theory of motor learning (Wulf & Lewthwaite, 2016;
2021). Nevertheless, they are compatible with literature advocating for a facilitative
somaesthetic awareness in certain instances (for a review, see Gottwald et al., 2023); a
longstanding phenomenon, grounded in psychology and philosophy (see Shusterman, 2011).
The concept of body consciousness was first applied within an attentional focus context by

Toner and Moran (2015) to postulate the benefits of somatic attention for correcting bad
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habits and re-learning motor skills following injury; empirical evidence to support this notion
in lower-limb motor skills is increasing.

Examples of literature emphasizing the benefits of bodily awareness in certain
instances includes work by Moore et al., (2019), who established a facilitative role of an
internal focus of attention for gait re-training in runners. Participants exhibited inefficient
rearfoot-strike patterns, and focusing on their feet enabled them to accomplish a flatter foot at
ground contact. Adopting a pragmatic philosophical approach, Carson and Collins (2011;
2016) advocate for a comprehensive non-linear Five-A model of technical refinement. Within
the model, practitioners are directed to make technical adjustments to motor skills via five
key stages: analysis, awareness, adjustment, (re)automation, and assurance. Importantly, the
model incorporates this phase of bodily awareness wherein motor programmes are essentially
‘de-automised’ before adjustments can be made and movements refined. In this manner, body
consciousness is viewed as an integral part of motor refinement. Similarly, Gottwald et al.
(2020) make a case for the benefits of somaesthetic awareness on the basis that learning can
be optimised if (an internal) attentional focus is adopted when congruent with the source of
afferent information most useful for task execution. Specifically, the authors revealed
benefits of an internal focus of attention when (congruent) proprioceptive afferent
information was available to facilitate a leg-extension task. They advocate for body
consciousness in contexts where pertinence of visual information for task success is low, but
pertinence of proprioceptive information is high.

Within the context of the present task, it is likely that actions were aided on a similar
basis; wherein an internal attentional focus offered congruence with the most useful source of
afferent information (i.e., proprioception) during time constrained Up and Go and10-Meter
Walk tests. It stands to reason that symptoms associated with Sydenham’s based on disrupted
executive function and uncertainty concerning motor efference would promote motor

processing typically associated with the cognitive stage of learning (Fitts & Posner, 1967).
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The ecological dynamics account of focus of attention (Gottwald et al., 2023) would
hypothesise that disturbances to motor processing (classed as an individual constraint) would
emphasise the importance of distributing limited attentional resources to task relevant bodily
specifying information. In the present context, task relevant information would likely pertain
to the patient’s gait, enabling more desirable opportunities for action (i.e., affordances) via
perception-action coupling and emergent behaviour. This should also facilitate more effective
use of attentional resources, which is likely beneficial in instances wherein executive
functioning is impaired.

The present study is not without limitations, but we have tried to moderate these
where possible. Most and foremost, it could be argued that methodological rigour is limited
based on a constrained participant pool. However, we mitigated for this by adopting a case
study approach and rigorous intervention period. Especially given that typical attentional
focus literature often comprises limited practice trials, sometimes occurring within a single
day (for reviews, see Chua et al., 2021; Gottwald et al, 2023; Wulf, 2013).

Moreover, whilst testing our hypotheses with greater sample sizes is unrealistic given
the rarity (and decline) of Sydenham’s chorea syndrome, future studies may wish to test this
in similar or associated populations, where executive function is compromised. Interestingly,
Sydenham’s chorea syndrome has also been linked with greater prevalence of
neuropsychiatric conditions such as tic disorders, obsessive-compulsive disorder (OCD), and
attention-deficit—hyperactivity disorder (ADHD) (Punukollu et al., 2016). Future research is
warranted to understand whether other conditions of this disposition influence the nature of
task relevant information most useful for motor execution.

To conclude, the present findings bolster support for the ecological dynamics account
of focus of attention to offer greater flexibility in accounting for instances wherein a
somaesthetic (internal) awareness may be beneficial for motor execution. This bolsters a

growing body of literature emphasizing the value of viewing attentional focus via a less rigid
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and dichotomous lens (Carson & Collins, 2011; 2016; Gottwald et al., 2020; Kal et al, 2015;

Moore et al., 2019; Toner & Moran, 2015).
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