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Abstract:

Problem Statement: Toddlers with visual impairment may face challenges in developing motor skills and
adjusting to aquatic environments, potentially limiting their functional abilities in water-related activities such as
swimming. Approach: In this pilot study, thirty-three toddlers with visual impairments aged 8 to 36 months were
randomly divided into two groups: the intervention group received both 30 minutes of aquatic motor intervention
and 30 minutes of physiotherapy sessions, once a week for 12 weeks, and the control group received only 30
minutes of physical therapy once a week for 12 weeks. The Peabody Developmental Motor Scales—2nd Edition
(PDMS-2), Water Orientation Test ALYN1(WOTAL), and Preverbal Visual Assessment (PreViAs) were used.
Purposes: This study aimed to assess the impact of physiotherapy and aquatic motor intervention on motor skills,
adjustment, and water function among toddlers with visual impairment. Another goal was to investigate the
relationship between motor skills, visual functions, and adjustment and functioning in water among toddlers with
visual impairments. Results: Statistical analysis revealed a significant interaction between time and study group
in motor skills and object manipulation. PDMS-2 total score [F=5.2, P<0.05] and Object manipulation [F=5.89,
P<0.01] improved over time significantly among the intervention group compared to the control group.
Additionally, the results demonstrated a significant improvement in the adjustment and function in water among
toddlers with visual impairment. The analyses revealed a significant change in the intervention group [#17) =-
8.62, P<0.01]. However, no significant correlation was found between change in PDMS-2 total score (M=13.54,
SD=9.48) and change in WOTA1 score (M=7.05, SD=3.47) [r(16)=0.68, p>0.05]. Conclusions: This study
underscores the effectiveness of combined physiotherapy and aquatic motor intervention in enhancing motor
skills and facilitating adaptation to water environments for toddlers with visual impairment. These findings
advocate for the integration of such interventions into early intervention programs to better support the
developmental needs of toddlers with visual impairments.
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Introduction

Visual impairment is a prevalent sensory disability among toddlers (Solebo & Rahi, 2014), arising from
various etiologies including genetic conditions, prenatal or perinatal infections, premature birth, trauma, and
environmental influences (Yahalom et al., 2022). The impact of visual impairment on toddlers' development is
cumulative (Sonksen & Dale, 2002). Distorted visual information disrupts information processing and
interpretation, leading to developmental delays. Previous studies highlight that children with visual impairment
lag in achieving developmental milestones compared to their typically developing peers (Alon et al., 2010), with
specific delays in various motor skills (Elisa et al., 2002; Hallemans et al., 2011).

Around the age of six months, toddlers typically begin to demonstrate voluntary movement patterns and
gross motor skills, actively exploring their environment. However, toddlers with visual impairments may
experience delays in gross motor skills, including crawling, standing, and independent walking. They may also
face challenges with fine motor skills, such as reaching out and grasping small objects, which require eye-hand
coordination (Braddick & Atkinson, 2013; Celano et al., 2016; Prechtl et al., 2001).

Intervention in visual function and motor skills should be initiated as early as possible, considering the
high neuroplasticity during the first years of life (Yin et al., 2019). Studies indicate that with early intervention,
children with visual impairments can attain levels of functioning comparable to those of the general population
(Saklofske et al., 2002). The recognition of the importance of early intervention for the development of toddlers
with visual impairments is supported by studies in neuroscience. The development of the visual cortex is
influenced by visual and motor experiences during the critical period, which exhibits neural flexibility influenced
by exposure to visual stimuli and motor activities. However, limited visual experiences since birth can impede
the maturation of neurons in the visual cortex (Fazzi et al., 2005). Despite the widespread recognition of the
importance of early intervention for toddlers with disabilities (Novak & Morgan, 2019; World Health
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Organization, 2012), there is a limited number of intervention studies conducted specifically among toddlers
with visual impairments (Dale et al., 2019; Elsman et al., 2019).

The environment in which the intervention occurs significantly affects the results (Smith & Thelen,
2003). The aquatic environment differs from on-land settings, and the human body experiences new forces when
immersed in water (Becker, 2009). For instance, the buoyancy of water provides a low-gravity environment for
movement, making it suitable for individuals with limited motor skills. Additionally, the density of water creates
resistance to movement and provides tactile feedback for each movement. These sensory experiences provided
by water may stimulate visual functions and enhance sensory integration (Nissim et al., 2022).

Aquatic motor intervention includes components such as aquatic adjustment, functional independence,
aquatic movement control, and breathing. One popular aquatic therapy method is the Halliwick Method, which
utilizes the properties of water, including hydrostatics and hydrodynamics, to promote independent movement
and enhance balance control. Its primary goal is to facilitate the learning of swimming skills and control of the
aquatic environment. This method is based on a 10-point program: mental adjustment to water, disengagement,
transversal rotation control, sagittal rotation control, longitudinal rotation control, upthrust, balance in stillness,
turbulent gliding, simple progression, and basic swimming movement (Grosse, 2023).

Several studies indicate the benefits of using the Halliwick method with diverse populations, such as children
with cerebral palsy and children with autism (Rohn et al., 2021). However, no intervention study has been
conducted specifically among toddlers with visual impairments.

Based on the literature review presented above, the objectives of the current study are: (1) to evaluate
the effect of a 12 weeks of Halliwick intervention on motor skills of toddlers with visual impairment as
compared to a control group; (2) to evaluate the performance of adjustment and function to water in toddlers
with visual impairment before and after of 12 weeks of Halliwick intervention; and (3) to investigate the
connection between change in motor skills and change in adjustment and function in water among toddlers with
visual impairment after 12 weeks of Halliwick intervention.

Material & methods

This is a pilot study. The study received approval from both the Ethics Committee of the David Yellin
Academic College of Education and the Chief Scientist of the Ministry of Welfare and Social Services in Israel.
Participants

The toddlers were recruited from the centres of the Eliya centres (association for blind and visually
impaired children) between the years 2021 and 2023. Informed consent was obtained from the parents of the
toddlers, who were provided with a detailed explanation of the study's purpose and procedures. Criteria for
inclusion toddlers in the study were: (1) visual impairment; (2) the recruitment age at the beginning of the study
is six months to three years; and (3) participation in 80% of the intervention sessions.

We conducted an a priori power analysis using G-Power software. The analysis indicated that 34
participants were needed for sufficient power (a0 < 0.05; 8 = 0.80), with a medium effect size. Data collection
was initially conducted with 40 participants; however, seven participants dropped out during the second
measurement, resulting in a final sample size of 33 toddlers with visual impairment (20 girls; 13 boys), aged 8-
36 months. Flowcharts according to CONSORT 2010 guidelines can be seen in Fig. 1. Eighteen toddlers
participated in the Halliwick intervention (study group), and fifteen toddlers participated in the control group.

Participants’ characteristics can be seen in Table 1.
CONSORT 2010 Flow Diagram

m} ‘ Assessed for eligibility (n=46) ‘

Excluded (n=6)
O Not meeting inclusion criteria (n=2)
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Analysed (n=18)

Fig. 1. The consort flow diagram
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Table 1. Characteristics of the participants presented as frequencies (%) for categorical variables and as means
(SD) for continuous variables

Study group Control group t-test/X>
(N=18) (N=15)
Gender N(%)
0,

2o s

’ 5(33.3%)
Birth N(%)
On time>37 weeks  10(88.9%) 14(93.3%) 0.07
Premature <37 weeks 2(11.1%) 1(6.7%)
PreViAs total score M(SD) 39.88(8.28) 40.93(8.29) 0.09
Visual attention  10.5(0.92) 10.46(1.12) -0.29
Visual communication  4.27(1.36) 4.4(0.91) -0.52
Visual motor coordination  10.11(2.34) 10.53(2.29) -0.34
Visual processing 15(4.2) 15.33(4.73) 0.33
Visual impairment type N(%)
Retina 4(22.2%)
Cornea 1(5.6%) 3(20%)
Lens (Cataract)  5(27.8%) 0
Nystagmus 6(33.3%) 5(33.3%)
Albinism 2(11.1%) 3(20%)
CVI 0 2(13.3%)

1(6.7%)

Interventions Intervention Group

Toddlers in the intervention group received 12 weeks of aquatic therapy intervention based on the
Halliwick method. Each session lasted for half an hour and was conducted once a week. The aquatic therapy
intervention was administered by a certified hydrotherapist trained in the Halliwick method. During the
intervention period the toddlers continued their routine physiotherapy treatment, consisting of one individual
session for each toddler per week.

Control Group Toddlers in the control group received 12 weeks of their routine physiotherapy
treatment, consisting of one individual session for each toddler per week.
Instruments
Visual functions test

Visual functions were assessed using the Preverbal Visual Assessment (PreViAs) questionnaire, which
is a validated assessment tool designed for preverbal children (Garcia-Ormaechea et al., 2014). The assessment
consists of 30 "yes/no" questions, which are categorized into four domains of visual function: visual attention
(score range 0-11), visual communication (score range 0-5), visual motor coordination (score range 0-13), and
visual processing (0-20). The questions are scored to obtain the four domain scores and total score (score range
0-49). The PreViAs domains have high internal consistency and high test-retest reliability. This instrument was
used only at baseline (pre-intervention).
Motor skills test

Motor skills were assessed using the gross motor skill subtest of the Peabody Developmental Motor
Scales - 2nd Edition (PDMS-2). This is a validated assessment tool that has been shown to be reliable in children
up to five years old (Folio & Fewell, 1983). The subtest comprises three parts: stationary, locomotion, and object
manipulation, and the child's age determines the entry point of the test. Assessments were scored based on the
scoring options provided per item, with a score of "2" indicating that the child performed the item according to
the criteria, a score of "1" indicating that the child's performance showed a clear resemblance to the item criteria
but did not fully meet the criteria, and a score of "0" indicating that the child could not or would not attempt the
item or the at-tempt did not show that the skill is emerging. The assessments were stopped if a child received a
'0' score on three consecutive items.
Adjustment and function in water test

To assess participants' level of adjustment and function in water, the Water Orientation Test ALYN 1
(WOTAT1) was used in this study. The evaluation is based on the Halliwick concept and consists of a 10-point
program subdivided into several skills. Both the participant and instructor were in the water during testing, and
each item was attempted up to three times. A 4-point ordinal scale was utilized for each skill, taking into
consideration the level of performance and functional independence. In cases of uncertainty regarding the
appropriate score assignment, the lower of the two potential scores was selected. The scale has been
demonstrated to be reliable and valid (Tirosh et al., 2008). The assessments were conducted at a hydrotherapy
pool (33 C°).
Procedure

After obtaining parental consent for the toddlers' participation in the study, they were divided randomly
into intervention groups. The evaluation of the child's visual functions and personal background was gathered
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through a questionnaire administered to the parents. In a meeting with each toddler within the educational
framework at Eliya centers, initial data collection was collected (Time 1). The assessment of motor skills was
performed by a physiotherapist who was trained to collect the data. The assessment of adjustment and function
in water was only conducted among the aquatic intervention group, and it was carried out by a hydrotherapist
who received training to administer the assessment instrument. Subsequently, the interventions were conducted
according to the study groups for a duration of 12 weeks. At the end of 12 weeks of interventions, final data
collection was conducted (Time 2).

Statistical analysis

Descriptive statistics were conducted for all measures at baseline: PreViAs total score and four
domains’ scores (visual attention, visual communication, visual motor coordination, and visual processing),
PDMS-2 total score and three subtests (stationary, locomotion and object manipulation) and WOTA1 total score.
Correlational analyses for all measures at baseline were conducted using Pearson correlations for each variable,
controlling for age and gender. To evaluate differences between groups at baseline we used t-test for continuous
variables and the chi-square test for categorical variables.

The effects of the interventions on the toddler participating in this study were analyzed as follows: (1) to
examine whether the intervention groups differ in gross motor skills (stationary, locomotion, object manipulation
and total score) after 12 weeks of intervention we conducted a series of mixed analysis of variance, in which
study group served as the between-subject independent variable, and time served as the within-subject
independent variable. The dependent variables were the motor skills (separate analysis for each measure); and
(2) Paired t-test analyses were conducted to document differences in water adjustment and function in the study
group. Correlational analyses for changes in PDMS-2 total score over time and changes in WOTAL total score
over time were conducted using Pearson correlation, controlling for age and gender. Change in PDMS-2 total
score and WOTALI total score were calculated as the difference between Time 1 and Time 2.

Results

Baseline characteristics of the participants are presented as frequencies (%) for categorical variables and
as means (SDs) for continuous variables at Table 1. As can be seen in Table 1, no significant differences were
found between the groups at baseline in all the measurements.
Means and standard deviations of PDMS-2 and WOTA 1 score at Time 1 are presented in Table 2. Visual scheme
of the relation at baseline between visual functions, motor skills, and water adjustment and function in toddlers
with visual impairment can be seen in Fig. 2.
Table 2. Mean and SD of motor skills and WOTA1

Study group Control group
Time 1 Time 2 Time 1 Time 2
PDMS-2 total score* M 139.8 156.66 139.73 149.4
SD  (37.62) (40) (42.63) (45.12)
Stationary M  36.83 39.22 36.86 38.8
SD  (2.2) (3.96) (3.29) (4.03)
Locomotion M 90.61 87.4 101.55 93.93
SD  (27.49) (32.85) (26.65) (34.64)
Object manipulation M 1244 15.46 15.46 16.66
SD  (9.59) (12.9) (12.98) (12.44)
WOTAT1** M 3477 41.83
SD  (8.25) (7.15)

* Peabody Developmental Motor Scales - 2nd Edition; **Water Orientation Test Alynl

r=0.22+ PreViAs r=0.72 % PDMS-2
WOTAL g, Total Score Total Score

/‘\\0
"%« 1 Visual Attention F Stationary
2
o i -
) i et r=0.64 ** Locomotion
T Communication <o
5945‘
>
o
Visual Motor S r=0.24 # | | Object
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¥
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Fig. 2. Visual scheme of the relation at baseline between visual functions, motor skills, and water adjustment and
function in toddlers with visual impairment
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PreViAs total score was found to be significant related to adjustment and function in water [r(16)=0.22,
p<0.05] and PDMS-2 total score [r(16)=0.72, p<0.01].

Visual attention was found to be significant related to adjustment and function in water [r(16)=0.62,
p<0.01] but not to stationary, locomotion or object manipulation [r(16)=0.42, 0.44,0.3, p>0.05, respectively].
Visual communication was found to be significant related to adjustment and function in water [r(16)=0.53,
p<0.05], locomotion [r(16)=0.64, p<0.01] and object manipulation [r(16)=0.59, p<0.01]. Visual motor
coordination was found to be significant related to locomotion [r(16)=0.79, p<0.01] and object manipulation
[r(16)=0.24, p<0.01] but not to adjustment and function in water [r(16)=0.34, p>0.05]. Visual processing was
found to be significant related to adjustment and function in water [r(16)=0.56, p<0.05], locomotion [r(16)=0.74,
p<0.01] and object manipulation [r(16)=0.66, p<0.01].

No significant connection was found between WOTAI1 score to PDMS-2 total score [r(16)=0.46,
p>0.05] or between WOTAI1 score to sub-scales of PDMS-2: stationary, locomotion or object manipulation
[r(16)=0.15, 0.45,0.47, p>0.05, respectively].

Means and standard deviations of gross motor skills at Time 1 and at Time 2 are presented in Table 2;
Statistics and their level of significance are presented in Table 3. As can be seen in Tables 2 and 3, the analyses
revealed a main effect for time in all gross motor skills measures: the PDMS-2 total score, the stationary, the
locomotion and the object manipulation improved over time in both intervention groups. The main effects for
PDMS-2 total score and Object manipulation, were qualified by the significant interaction between time and
study group. PDMS-2 total score [F=5.2, P<0.05] and Object manipulation [F=5.89, P<0.01] improved over
time significantly more among the intervention group compared to the control group.

Table 3. Statistics and Their Level of Significance for Examining the Differences in Motor Skills

Time X Study Group Time Study Group
FQ, 31) F@, 31) FQ, 31)
PDMS-2 total score 5.2% 72.03%** 0.06
Stationary 0.09 8.59%* 0.42
Locomotion 1.62 25.51%** 0.26
Object manipulation 5.89% 25.23%* 0.22

Note: * p <.05, ** p<.01

Means and standard deviations of WOTA1 score at Time 1 and at Time 2 and Statistics and their level
of significance are presented in Table 4. As can be seen in Table 4, the analyses revealed a significant change in
the intervention group [#(17) =-8.62, P<0.01]. No significant correlation was found between change in PDMS-2
total score (M=13.54, SD=9.48) and change in WOTA1 score (M=7.05, SD=3.47) [r(16)=0.68, p>0.05].

Table 4. Statistics and their Level of Significance for Examining the Differences in WOTA1

Time 1 Time2 ¢
M(SD) M(SD)
34.77 41.83
Water Orientation Test Alynl (WOTA1) -8.62%*
(8.25) (7.15)

Note: ** p <.01

Discussion

The first aim of this study was to examine the effect of 12 weeks of Halliwick intervention on motor
skills of toddlers with visual impairment as compared to a control group. Our finding suggests that after
12 weeks of intervention, the Halliwick intervention group achieved higher improvement on PDMS-2 total score
and Object manipulation score as compared to the control group. Previous studies among toddlers with typical
development confirmed the positive effects of aquatic activities on toddlers’ motor development (Borge Blystad
et al., 2022; Borioni et al., 2022; Leo et al., 2022). Previous study aimed to assess the impact of aquatic therapy
as a supplementary treatment to home-based early intervention on the functional mobility of toddlers with
delayed functional mobility. The aquatic therapy group received weekly aquatic therapy sessions in a community
pool in addition to home-based early intervention provided by a physical therapist or occupational therapist. The
comparison group received home-based early intervention with a physical therapist or occupational therapist
only. The researchers compared the baseline and post-intervention scores on the Gross Motor skills between the
aquatic therapy and comparison group. The results indicated that the aquatic therapy group showed significantly
greater improvements in functional mobility (McManus & Kotelchuck, 2007).

Toddlers with visual impairments may experience delays in the development of their motor skills (Elisa
et al., 2002). Our study expands on the benefits of aquatic therapy for toddlers with visual impairments. Aquatic
therapy may contribute to reducing early motor developmental gaps that could potentially lead to developmental
motor delay in the future. Intervention in the aquatic environment for toddlers with visual impairments is
recommended to be initiated as early as possible, as it is widely recognized that neuroplasticity is at its peak
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during the first two years of age (Yin et al., 2019). Early exposure to a rich sensory environment, including
multisensory stimuli such as in the aquatic environment, has the potential to enhance motor skills. Environmental
enrichment, which fosters early sensory function and provides varied experiences, can positively influence the
development of the central nervous system (Ismail et al., 2017).

The second aim of this study was to examine the effect of 12 weeks of Halliwick intervention on
adjustment and function in water among toddlers with visual impairment. A significant change over time due to
12 weeks of Halliwick intervention improved adjustment and function in water. Impaired visual functions,
including visual attention, visual communication, visual motor coordination, and visual processing in toddler
with visual impairment (Ortibus et al., 2011; Tadic¢ et al., 2009; Sapp, 2001), can pose challenges to adapting to
the aquatic environment since difficulties in visual functions may have significant impacts on a child's ability to
learn and interact with their environment. However, we found that adjustment and function in water can be
improved with Halliwick method. Previous studies reported a positive relationship between the number of
swimming sessions toddlers attended and aquatic skills development (Veloso et al., 2007) and time of practice
and swimming behaviour (Zelazo & Weiss, 2006). To fully benefit from the aquatic environment, toddlers need
to familiarize themselves with this new environment and adapt to the unique physical forces it presents (Nissim
et al., 2022). Our study suggests that the Halliwick method can help in adjustment and function to the aquatic
environment for toddlers with visual impairment.

Our results also indicate that adjustment and function in water are correlated with visual attention,
visual communication, and visual processing, but not with motor skills or visual-motor coordination. One
possible explanation is that the sensory experiences provided by water may stimulate the visual system and
enhance sensory integration while the gentle resistance provided by water may promote visual attention by
requiring toddlers to actively engage in movements (Nissim et al., 2022). In other words, the buoyancy,
turbulence, and resistance of the water (Becker, 2009) may have provided a unique sensory input that connected
the toddlers' visual attention and processing. These characteristics of water may have provided a challenging
environment that improved the ability to process visual information.

Previous studies have examined the effects of aquatic intervention on balance and found it helpful in
improving balance and posture (Shariat et al., 2022). Our study adds the possibility that visual attention and
processing may underlie improvements in balance. Furthermore, in the current study a connection was found
between aquatic adjustment and function and visual communication. Previous research has also demonstrated
that aquatic intervention can improve visual response in children with autism spectrum disorder (ASD) (Caputo
et al., 2018). It is possible that the sensory experiences provided by the water, such as tactile and proprioceptive
input, may have facilitated the toddlers' ability to attend to and recognize facial expressions in this study and the
ability of children with ASD to do the same in the previous study.

Another finding in the current study is that there is no significant correlation between change in motor
skills and adjustment and function in water. From a biomechanical perspective, the buoyancy and reduced effect
of gravity in water make it easier to move one's body (Becker, 2009). Therefore, in the aquatic environment,
motor skills may be less critical.

There are several limitations to this study. First, the small sample size limited the statistical power of the
study and prevented further sub analyses of toddlers with specific visual impairment type such as CVI, Cornea,
and Lans (Cataract). This research achieved its purpose of initiating a study of the effect of Halliwick method on
motor skills and adjustment and function in water, and more research with larger sample sizes is needed to
validate the results of this study.

Conclusions

This study provides evidence for the positive impact of a combined Halliwick and physiotherapy
intervention on motor skills and water adjustment among toddlers with visual impairment.

The findings reveal several critical insights. First, there was a significant improvement in gross motor
skills, as measured by the PDMS-2 total score and object manipulation subscale, in the intervention group
compared to the control group. This highlights the efficacy of the Halliwick method in enhancing motor
development in toddlers with visual impairment, supporting previous studies that have shown the benefits of
aquatic activities for motor skill development. Second, the intervention group also showed significant
improvements in water adjustment and function, as indicated by the WOTA1 scores. This suggests that the
unique sensory experiences and physical properties of water, such as buoyancy, density, and viscosity, can be
beneficial in promoting motor skills and sensory integration in toddlers with visual impairments. Third, the study
found significant relationships between visual functions (visual attention, communication, and processing) and
both motor skills and water adjustment. These findings imply that visual functions play a crucial role in the
development of motor skills and adaptation to aquatic environments. Finaly, no significant correlation was found
between changes in PDMS-2 and WOTAI scores, suggesting that motor skills improvement and water
adjustment might be influenced by different underlying mechanisms. These findings have theoretical and
practical implications. Theoretically, the study underscores the importance of early intervention, leveraging
neuroplasticity during the critical developmental period. The Halliwick method, by providing a rich sensory
environment, may enhance neurodevelopmental outcomes in toddlers with visual impairment. In addition, the
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distinct improvements in motor skills and water adjustment highlight the need for multi-modal interventions that
address both motor and sensory deficits in toddlers with visual impairment. Practically, incorporating the
Halliwick method into early intervention programs could enhance the motor development and aquatic adaptation
of toddlers with visual impairments. This might lead to better long-term functional outcomes and independence.
In addition, training physical therapists and other intervention specialists in aquatic therapy methods, should be
prioritized to maximize the developmental benefits for toddlers with visual impairments. Based on the above,
given the positive outcomes observed, it is recommended that early childhood intervention programs for toddlers
with visual impairment integrate aquatic therapies like the Halliwick method. Policymakers should consider
supporting the inclusion of aquatic therapy in early intervention services, recognizing its potential to improve the
developmental trajectories of toddlers with visual impairments.

In conclusion, this study demonstrates that the Halliwick method, combined with physiotherapy, can
significantly enhance motor skills and water adjustment in toddlers with visual impairment. These findings
highlight the importance of incorporating such interventions into early intervention programs to better support
the developmental needs of these children, ultimately improving their quality of life and functional
independence.
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