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Abstract
Objectives: Halliwick-based hydrotherapy has become one of the most widespread approaches in the water environment for people with disabilities. The
Swimming with Independent Measure (SWIM) test was developed by Peackok (1993) based on the need to create specific aquatic assessment tests for
people with disabilities. The purpose of our study was its translation into Greek
language and the investigation of its metric properties. Methods: A total of 40
children with cerebral palsy aged on average 7.36 years participated in the
study: 20 children with GMFCS 1 - 5 and cognitive limitations, and 20 children with GMFCS 1 - 4 without cognitive limitations. Two physiotherapists
with extensive experience in hydrotherapy and Halliwick philosophy participated in the test-retest and inter-rater reliability and validity assessment. Results: The test-retest and inter-rater reliability for the overall score was found
to be high (ICC = 0.99). In terms of validity, a positive correlation was found
between SWIM and GMFM (r = 0.59). Conclusions: The Greek translation
of the SWIM test was found to be highly reliable for assessing mental adaptation and functionality in the aquatic environment for children with disabilities, so it is recommended to professionals.
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1. Introduction
Cerebral palsy (CP) is the most common physical disability in childhood [1].
Due to the wide variety of etiology, the exact numbers from the different studies
do not completely agree. Οn average, it occurs in 2 - 3 cases per thousand live
births [2] [3], but in recent times, there has been some evidence and discussions
that prevalence is decreasing and so the severity [4] [5]. The number of people
with CP is constantly increasing, possibly because more and more premature babies with various forms of CP survive over time due to improvements in medical, nursing, and obstetric care. Cerebral palsy affects both sexes and is relevant
with nationality and socioeconomic status [6].
It is characterized by abnormal control of body movements and positions because of premature (pre-, peri-, post-natal) brain damage or dysfunction. Motor
disorders are the result of a neurological deficit and include neuromuscular and
musculoskeletal disorders: muscle tone disorder, abnormal muscle contraction
(spasticity, dyskinesia, dystonia and atrophy), skeletal abnormalities, balance
disorders and loss of selective motor control [7] [8]. Motor function disorders,
the main symptoms of cerebral palsy, are frequently accompanied by other dysfunctions, such as: sensation, perceptual, cognitive, communication and behavioral
disorders, epilepsy, and secondary musculoskeletal disorders [9] [10].
For the past 20 years, swimming and especially hydrotherapy have played an
important role in the rehabilitation of people with disabilities [11]. Rehabilitation in water is based on the advantages of the unique properties of the water.
Buoyancy helps to perform any movement that is difficult to perform on land
due to the inability to overcome gravitational constraints, supports the body and
facilitates the further development of balance [12]. The constant control of body
positions required by the patient in the water is a direct result of the relationship
between the two opposing forces of the center of gravity and the center of buoyancy and thus enhances the development of balance, while on land, the control
of body is mainly affected only by the center of gravity. The hydrodynamic properties of buoyancy and hydrodynamic forces were well utilized for progressive
weight-bearing, assisted standing without support, and challenging balance training [13]. Water pressure improves respiration and increases heart rate [14] and
alterations in respiratory muscles functioning might produce variations of the
pulmonary volumes. The temperature used in hydrotherapy is 32˚C - 33˚C and
helps to relax the muscles, affecting muscle tone [15], while it can provide pain
relief [16]. At the same time, the viscosity slows down the speed of movement,
facilitating the analysis of activities in individual pieces and giving the patient’s
brain a slower and more suitable rhythm for the acquisition of motor landmarks.
Most hydrotherapy interventions in the water aim to teach independence in
the water, following the guidelines of standard swimming lessons. Gelinas and
Reid [17] studied the reliability of standard swimming lessons in children with
disabilities and reported that the special skills taught in them were developmenDOI: 10.4236/ojped.2021.111013
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tally appropriate for most children with physical disabilities. The Halliwick Concept was developed by the swimming instructor and engineer of hydromechanics James McMillan and his wife Phyl McMillan in the late 1940s and early 1950s
and aims to teach water independence to people with disabilities, while considering the specific characteristics of the aquatic environment [18]. Specifically,
Halliwick Concept includes a 10-point program based on a kinetic learning sequence that focuses on maintaining body position at different levels of movement, while using the unique properties associated with water. The 10 consecutive steps lead individuals, with or without disabilities, to experience and conquer a variety of unique movement patterns, with the aiming of functional swimming. One of the first studies of Halliwick concept aimed to improve the Halliwick approach by using both a personalized approach and activity adjustments
based on people with Down syndrome [19].
The use of hydrotherapy to improve the functional level of performance on
land requires that hydro therapists perform assessment both in the water and on
land [20] [21]. The therapist provides a valid assessment with information about
the patient’s current condition and level of ability. This allows for future treatment sessions to be tailored to the patient’s needs [20].
A review of the literature showed that the issue of assessment in the aquatic
environment has been neglected compared to the assessment of on land treatment. Many tools for assessing adaptation and function in the aquatic environment have been reported. Most of them have failed to prove their reliability and
validity. Although the Aquatic Adjustment Test (AAT) was found to be highly
valid and reliable in measuring motor function in the aquatic environment, it is
not based on a specific hydrotherapy method [22]. The Water Orientation Checklist test was found to be reliable but was only tested in children with mental
problems and autism for reliability among assessors, without being evaluated for
test-review reliability [23] [24]. In addition, validity data were not evaluated, and
its sensitivity to measuring functional change over time [25].
On land therapy focuses on a functional intervention, an approach that necessitates a reliable assessment tool that is sensitive enough to measure functional
change and motor progression over time. The Gross Motor Function Measure
(GMFM) considered to be the most reliable and valid tool in detecting functional and motor changes over time [26]. The GMFM assesses the ability to perform
a variety of gross motor activities. In the water, there are several assessment tests
to assess swimming skills for children with physical disabilities or learning disabilities, based on Halliwick concept: Aquatic Independence Measure—AIM [22],
Humphries’ Assessment of Aquatic Readiness—HAAR [27], Swimming with Independent Measure—SWIM [28] and the Water Orientation Test Alyn 1 & 2—
WOTA 1 & 2 [29].

2. Development of SWIM
Based on the extensive experience she gained while working in a swimming pool
DOI: 10.4236/ojped.2021.111013
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where she applied the Halliwick Concept, Kim Peackok (1993) developed a new
assessment test in water [28]. SWIM is based on Halliwick Concept and the
ten-point program. It aims to assess the functionality and adaptation to any
group with or no disabilities and at all ages. The results of a small recent study
show that it is sensitive enough to assess and monitoring individuals or groups
[30] [31]. It consists of 10 checkpoints rated 1 - 7 and concern the development
of: 1) the water entry, 2) the adaptation to water, 3) the breathing control, 4) the
balance, 5) the forward transversal rotation, 6) the backwards transversal rotation, 7) the sagittal rotation, 8) the longitudinal rotation, 9) the combined rotation and 10) swimming movements.

3. Purpose
The purpose of this study was to translate and assess the reliability and validity
of the SWIM tool in the Greek population and especially in children with cerebral palsy, in order to be available to Greek experts.

4. Methods
4.1. Licensing
In the first phase, the Halliwick Association of Greece requested licence and the
rights for Swimming with Independent Measure (SWIM), the assessment tool as
well as the manual from the International Halliwick Association.

4.2. Required Approval from Institutions
Approval was required from the Internal Ethics Committee of the Department
of Physical Education and Sports Science, University of Thessaly. Τhe research
sample was submitted and approved with protocol number 3-3/15/07/2015.
Parental consent was requested for the participation of children in the research. The children’s parents or guardians filled out a parental consent form for
their child on order to participate in the tests and video.
The research was conducted in accordance with the principles of the World
Medical Association Declaration of Helsinki (1975), as revised in 2013, which
sets out the ethical principles for medical research involving living subjects.

4.3. Translation
The translation process followed the guidelines for correct performance in other
language and consisted of the following steps [32]: Two freelance translators,
familiar with medical, physiotherapeutic hydrotherapy terminology, translated
the scale from English Greek language and then they compared their translations. The common result obtained from the two translations was given to a
third independent translator, equally familiar with the terminology, to translate
again into English, without knowing the original foreign language version of the
test. Then the three translators met with each other and discussed the result to
agree on the final version of the test in the Greek language.
DOI: 10.4236/ojped.2021.111013
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4.4. Participants
The study involved a total of 40 children with cerebral palsy, 2.8 - 14 years old,
GMFCS 1 - 5, the 20 only with motor impairments and the other 20 with motor
and cognitive impairments [33]. Table 1 shows the characteristics of the children who participated.

4.5. Reliability study, Test-Retest and Inter-Rater
A physiotherapist with experience in both hydrotherapy and the Halliwick concept and working in a pediatric rehabilitation center for 15 years (Assessor A)
participated in the Test-Retest reliability study.
Evaluator A received an “assessment guide package” for the test that included
the assessment forms and the grading sheets that set out the different evaluation
method for each item according to detailed guidelines. The assessor was asked to
familiarize himself with the assessment form before the day of the assessment
and then apply the test to children. The assessor was then asked to assess each
child again at 3-day. Every child was asked to perform each task three times, and
the best performance was used as the final score.
Another physiotherapist-hydrotherapist with knowledge of Haliwick concept
and specialized in pediatric physiotherapy with 13 years of experience working
with children (Evaluator B) participated in the Inter-Rater reliability test. For
assessor B, the exact same familiarization and preparation process was followed
as for assessor A and he assessed the children on the 1st day at the same time as A,
also assessing the child 3 times and using the best performance as the final score.

4.6. Validity Test
The evaluation of the validity of the test consisted of two stages: The validity of
the content in relation to the Halliwick concept was first checked with the help of
two internationally recognized Halliwick Senior Lecturers belonging to the International Halliwick Association (IHA) with years of experience in Halliwick concept. Comments and corrections were requested regarding the validity and correctness of the content of the test and the English to Greek and back translation.
Table 1. Sample characteristics.
Characteristics of sample
N = 40
Age, years average

7.36

Sex
Males

18

Females

22

Disability

DOI: 10.4236/ojped.2021.111013

Congenital

37

Acquired

3
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The second stage concerned the direct comparison of the performance of motor
progress on land and in the aquatic environment. For this purpose, a sample of
17 children with cerebral palsy participated in the validation test and were evaluated by an experienced physiotherapist using the Gross Motor Function Measure (GMFM) [34].

4.7. Statistical Methods
Reliability study. Reliability was measured by calculating the intra-class correlation coefficient (ICCs) and 95% confidence interval for the total and individual score, and the kappa coefficient for each of the items. We set IICC and
KAPPA values greater than 0.7 as highly reliable [35]. We used standard measurement error (SEM, based on the formula SEM = SD [1 - ICC] 0.5) to quantify
the error measurement in the same units as the original measurement [36]. We
calculated 95% confidence intervals for all ICCs and SEMs.
Validity Study. To evaluate the hypothesis that there is a positive correlation
between motor progress on land and in the aquatic environment, the Pearson
correlation coefficient was calculated between the overall SWIM scores and the
GMFM scores of gross mobility. We accepted coefficient values ranging from 0.4
to 0.8 as evidence of a moderate degree of correlation [37].

5. Results
5.1. Test-Retest Reliability
The descriptive statistics for measuring the reliability test between the two test
points of the 1st examiner are analyzed in Table 2.
The Test-Retest Reliability table shows the results of the reliability test using
the Cohen’s Kappa Coefficient.
• For the SWIM scale: The Kappa index is 0.576 which means that there is relatively good reliability between the two evaluators. In addition, the Pearson
correlation coefficient at the 1% significance level is 0.994 which indicates an
almost absolute linear correlation between the first and second evaluator
measurements. (Table 3)
The Intraclass Correlation Coefficient Table 4 gives the correlation coefficient
within groups. We observe high values of the correlation coefficient within groups
that indicate the existence of reliability between the 2 evaluators of evaluator 1
(SWIM: 0.991).

5.2. Agreement between 2 Assessors
The descriptive statistics for measuring the reliability test between the two examiners are analyzed in the Table 5 below for SWIM.
The Inter-rater Reliability Table 6 shows the results of the reliability test using
the Cohen’s Kappa Coefficient.
• For the SWIM scale: The Kappa index is 0.423 which means that there is relatively good reliability between the two evaluators. In addition, the Pearson
DOI: 10.4236/ojped.2021.111013
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correlation coefficient at the 1% significance level is 0.992 which indicates an
almost absolute linear correlation between the first and second evaluator measurements.
Intraclass Correlation Coefficient gives the correlation coefficient within groups.
We observe high values of the correlation coefficient within groups that indicate
the existence of reliability between evaluators (SWIM: 0.989) (Table 7).

5.3. Validity Test
A positive significant but moderate correlation was observed between the overall
performance of gross mobility and the overall SWIM score (GMFM and SWIM
score, rP = 0.59, p < 0.05, GMFM 5) (Table 8).
Table 2. Reliability test-retest.
SWIM

Assessor 1

Mean

1st Day
3rd Day

95% Confidence
Interval for Mean

Variance

Std.
Minimum Maximum
Deviation

Lower
Bound

Upper
Bound

30.45

27.94

32.96

61.79

7.86

19.00

49.00

30.05

27.66

32.43

55.48

7.45

19.00

49.00

Table 3. Test-retest reliability.
Value SWIM
Measure of Agreement

Kappa

0.576

Correlation

Pearson’s

0.994

N of Valid Cases

40

Table 4. Intraclass correlation coefficient.
95% Confidence Interval

Intra-class Correlation
SWIM

Lower Bound

Upper Bound

0.981

0.996

0.991

Table 5. Reliability between 2 assessors.
SWIM

DOI: 10.4236/ojped.2021.111013

Assessor

Mean

1
2

95% Confidence
Interval for Mean

Variance

Std.
Minimum Maximum
Deviation

Lower
Bound

Upper
Bound

30.45

27.94

32.96

61.79

7.86

19.00

49.00

31.05

28.63

33.47

57.49

7.58

19.00

49.00
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Table 6. Inter-rater reliability.
Value SWIM
Measure of Agreement

Kappa

0.423

Correlation

Pearson’s

0.992

N of Valid Cases

40

Table 7. Intraclass correlation coefficient.
Intra-class Correlation
SWIM

0.989

95% Confidence Interval
Lower Bound

Upper Bound

0.967

0.985

Table 8. Validity.
SWIM
Concurrent validity: a positive correlation with motor abilities on land

0.59*
GMFM

Note: *p < 0.05.

6. Discussion
When assessing patients with mobility problems in the aquatic environment, the
responsible therapist (mostly the physiotherapist) is often required to respond to
the patients’ parents about the change in motor status and adaptation to water,
which is observed after some time of therapeutic intervention. The objective assessment of the motor change and adaptation to water of patients with disabilities can only be done through a functional control test, before and after any therapeutic intervention. From all the functional tests that have been designed to
date, always according to the review of the international literature, it seems that
SWIM, Water Orientation test Alyn (WOTA-1, WOTA-2), SWIM and to a lesser extent HAAR are the most commonly applicable tests for changes of function
and adaptation to the aquatic environment. The purpose of this study was to
translate and to investigate the reliability and validity of SWIM. The test was designed to measure functional independence and competence in the aquatic environment according to Halliwick concept 10-point program. Based on the results of this study, SWIM is reliable and valid for evaluating performance in the
aquatic environment for the intended populations. The reliability of the resulting scores was strong both in relation to the level of the individual scores and in
relation to the overall score. This is a prerequisite for any assessment tool used to
assess participants with physical and mental disabilities. It could be considered
that the most important factor that contribute to the high level of reliability are
the simple scoring technique, the detailed test instructions, and the extremely
specific parameterized test results. It is important to emphasize that the reliability is equally high both for the test-retest process by the same assessor with an
DOI: 10.4236/ojped.2021.111013
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interval of 3 days between the 2 evaluations, and for the inter-rater assessment
process between 2 different assessors. The results of the present study are in line
with the results of a team from Slovenia who also investigated the SWIM for validity and reliability [30] [31]. To validate, they used Slovenia’s national swimming skills assessment system to investigate the content of the SWIM, which was
found to be high (p < 0.5). During the control of the results between two evaluators, a very high level of reliability was found (r = 0.996, ICC > 0.96), which is
in agreement with the results of the present study. This assessment tool has been
tested by another team for its reliability in Portugal with similar results (test retest: 0.987, inter rater: 0.924, ICC > 0.96) [38]. The item that showed the least reliability was 4, and probably due to the difficulty of the activity and the difficulty
of balance in water and this position is likely to cause insecurity to the examinee.
It is also important to emphasize the usefulness of the test in setting therapeutic
targets in the aquatic environment. The high degree of agreement between the
scores given by the scorers A and B who gave a close score for the same items
demonstrates the ability of the tests to guide the organization of the treatment
plan, depending on the performance in each item. Therefore, they can be used
by therapists so that they can set treatment goals by observing and assess without
having to re-perform the assessment. The results of any reliability study in clinical practice can be generalized depends on how carefully the study conditions
approach those in the clinical setting and in particular, the participants, the assessors, and the way the evaluations are conducted. Participants in this reliability
study represent the distribution and range of disabilities commonly encountered
in pediatric rehabilitation. As there is no standard for evaluating adaptation and
function in the aquatic environment, we used the following methods to support
SWIM validity. The validity of the content was based on the fact that the test was
developed based on Halliwick concept. The existing aquatic assessment tests
published for people with disabilities reported validity factors [22] [23] [24].
Most of the published water assessment tests are based on swimming and are
specifically designed for children without disabilities. Instead, Halliwick concept
was specifically designed to achieve balance control and functional independence in the aquatic environment for people with disabilities. The significant
correlation found between SWIM and GMFM (rP = 0.59) may suggest that both
on land and aquatic interventions identify similar but different functional constraints on behaviors in aquatic and land environments.
In the present study, 40 children participated in the reliability test, a larger
number than the existing studies. Also, the children who participated in the research came from different therapeutic environments and structures, which may
generalize the application of the assessment to a larger population.

7. Limitations of the Study
The main limitation of the study was that children who had any type of surgery
or botulinum toxin in the past year were excluded from participating. The study
DOI: 10.4236/ojped.2021.111013
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Also excluded children with autism, children with severe vision problems, and
children who could not follow verbal instructions or reproduce the test representation. Finally, another limitation was that during the study, it was not possible to limit the therapeutic involvement of parents with children at home. However, the above assessment tools can be applied to quite a large population making them particularly useful to aquatic rehabilitation professionals.

8. Conclusion
The SWIM test is an aquatic assessment tool that measures adaptation and function in the aquatic environment for children with cerebral palsy and neurodevelopmental disorders. This test is clinically important and is designed to evaluate
and monitor the function of participants with both motor and cognitive deficits.
The present study proves that this test is valid and reliable and therefore its use
by professionals in rehabilitation in the aquatic environment is encouraged. The
present research is of great value to Greek professionals involved in water therapy as it is a valuable and reliable tool for evaluating and organizing a treatment
plan.

Clinical Messages
• Water assessment is especially important for monitoring the progress and organization of the treatment program.
• Τhe SWIM TEST is reliable and valid for water assessment
• The translation into Greek allows Greek professionals to use a new reliable
tool.
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