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Abstract

The purpose of this study was to assess the motor competence of children with and

without amblyopia. Study participants were 165 primary school children, aged 6–9

years, divided into three groups based on their visual acuity with the Snellen chart:

(a) non-amblyopia, (b) corrected amblyopia, and (c) non-corrected amblyopia. We

assessed the children’s motor competence with the Motor Competence Assessment

battery (MCA) and their physical activity with the Physical Activity Questionnaire for

Older Children (PAQ-C). The non-amblyopia group presented significantly better

motor competence on the MCA than either the corrected amblyopia group or the

non-corrected amblyopia group; there were no statistically significant motor differ-

ences between the two amblyopia subgroups. Amblyopia versus non-amblyopia dif-

ferences on the MCA were mainly in stability and locomotor components, involving

dynamic balance and the change of spatial position and direction of movement, but

not in the manipulative component (ball throwing velocity and ball kicking velocity).

Predictably, from within an integrated visual motor perspective of child development,

our findings suggest that intact vision played an important role in children’s motor
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competence. The development of fundamental motor skills, especially of stability and

locomotor skills, may be affected by poor visual processing in that participants with

uncorrected amblyopia showed poor movement accuracy, uncoordinated move-

ment, and impaired balance.
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Introduction

Amblyopia refers to the impairment of uni- or bilateral temporal space vision

during the first five years of life (Barrett et al., 2003; Levi, 2006; Sireteanu et al.,

2007; Miller & Lessin, 2012; Siretenau et al., 2007), and amblyopia can be

caused by any condition that interferes with ocular focus at this age

(American Academy of Ophthalmology, 2007; American Academy of

Pediatrics Section on Ophthalmology & Committee on Practice and

Ambulatory Medicine, 2012; Jefferis et al., 2015). Clinically, amblyopia is

defined as reduced visual acuity accompanied by one or more known factors,

such as strabismus, anisometropia and refractive error (Birch, 2013). Amblyopia

is considered the second most common cause of visual impairment in children

and adolescents, second only to uncorrected refractive error (Webber, 2018).
Failing to identify and treat amblyopia early can cause permanent visual

impairment and adversely effects school performance, development of gross

and fine motor skills, social interaction and self-image (Birch et al, 2019;

Engel-Yeger, 2008; O’Connor et al., 2010; Webber, 2018; Webber et al.,

2008).When amblyopia is treated, even if the underlying cause is corrected,

visual focus is not restored immediately, as there remains a need for brain

adaptation in order to achieve accurate visual processing (Birch, 2013;, Levi

et al., 2015; Mills, 2003).
When visual impairment is a primary problem, as in amblyopia, it is impor-

tant to determine not only the level of children’s visual impairment, but also the

impact of visual impairment on children’s motor, cognitive and behavioral

development (Atkinson, 2017; Atkinson et al., 2002; Birch et al., 2019; Largo

et al., 2001). Vision is essential for mapping the environment and for under-

standing visual perspectives and visual relationships between people and objects

that are necessary for developing movement in three-dimensional space (Borel

et al., 2001; Gentaz, 1991). In the course of normal infant and child develop-

ment, visual-motor capabilities are well integrated, and threats to either the

visual or motor system can be expected to adversely affect the development of

the allied unaffected system (Atkinson, 2017; Braddick & Atkinson, 2013). In
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the case of children with non-verbal learning disability (non-verbal LD), char-
acterized by specific visuospatial impairments, there are reports of problems
learning or encoding through pictures, processing gestures, and orienting in
space and fine motor skills (Drummond et al., 2005). The findings of impaired
motor coordination (manual dexterity, ball skills, static and dynamic balance)
(Mammarella, 2020; Poletti, 2019; Rourke et al.,2002) are observed in some
non-verbal learning disability populations, which may have altered visual capa-
bility as the primary cause of non-verbal LD. Hence, the development of fun-
damental motor skills (FMS) may be affected by poor movement accuracy,
uncoordinated movement, and impaired balance associated with visual limita-
tions (Engel-Yeger, 2008; Zipori et al., 2018).

It is essential to assess motor skills in children with amblyopia, due to child-
ren’s dependency on visual-perceptual processing for controlling movement and
balance skills (Hirabayashi & Iwasaki, 1995; Sá et al., 2018; Tseng & Chow,
2000; Zipori et al., 2018) and since visual motor impairment may compromise
children’s decisions to engage or not engage in physical or sports activities
(Engel-Yeger, 2008; Zipori et al., 2018). Studies have shown that children
with amblyopia have deficits in spatial (e.g., location, fixation, attention, per-
ception of movement) and temporal processing that impede their abilities to
move in space and manipulate objects (Asper et al., 2000; Engel-Yeger, 2008;
Hess et al., 1997).

Zipori et al. (2018) used the balance subtests of the Bruininks-Oseretsky Test
of Motor Proficiency 2 (BOT2) to investigate whether children with amblyopia
have reduced balance compared to both children with strabismus without
amblyopia and children without visual problems. This widely accepted test
can assess both static and dynamic balance functions. These researchers found
that normal vision played an important role in the development and mainte-
nance of balance control. When normal binocular vision was disrupted in child-
hood due to strabismus and/or amblyopia, both vision and balance were
compromised.

Other studies with children with amblyopia mostly investigated fine motor
skills (Birch et al., 2019; Fronius et al., 2004; Grant & Moseley, 2011; Niechwiej-
Szwedo et al., 2011; Webber et al., 2008). To our knowledge, only a few studies
of this kind have investigated the development of gross motor skills (Engel-
Yeger, 2008; Zipori et al., 2018), despite their importance to a physically
active lifestyle (Robinson et al., 2015; Tomkinson et al., 2018). Since children
with amblyopia may present deficits or delays in visuomotor development and
motor action planning (Atkinson, 2017), there is reason to suspect they may also
experience interference in the development of fundamental motor repertoires
(motor competence).

Based on past studies, children with amblyopia have difficulties performing
real world tasks such as catching and throwing objects, walking, running,
driving, and reading. Their impairment in motor control, specifically in the
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speed and precision of movement, seems to be more related to loss of stereoa-
cuity (binocular perception of depth that allows quick and easy access to spatial
awareness information) (Hrisos et al., 2006) than to the severity of amblyopia
(Birch, 2013; Webber et al., 2008).

Motor competence (MC) can be defined as a person’s ability to be proficient
in a broad range of locomotor, stability and manipulative skills (Fransen et al.,
2014; Luz et al., 2016), as proposed by the theoretical framework developed by
Gallahue et al. (2013). MC has been found to be important for developing an
active and healthy lifestyle (Holfelder & Schott, 2014; Lubans et al., 2010).
Evaluating all the constructs of MC enables a diagnosis of motor development
delays among children with amblyopia. Accordingly, in this study, we aimed to
assess the MC of children with and without amblyopia. Our hypothesis was that
children with amblyopia would show lower levels of MC than their peers with-
out amblyopia, particularly with regard to MC components of stability and
object manipulation.

Method

Participants

Participants in this study were 165 primary school children in Lisbon, Portugal,
aged between 6–9 years (77 boys; 88 girls). The children had no motor, cognitive
or health impairments other than visual amblyopia that could affect their per-
formance on the motor tests. They were divided into three groups: (a) non-
amblyopia (n¼ 97; 51 boys and 46 girls), (b) corrected amblyopia (n¼ 37; 15
boys and 22 girls), and (c) non-corrected amblyopia (i.e., underdiagnosed
amblyopia; n¼ 31; 11 boys and 20 girls) based on their visual acuity on the
Snellen chart (see Table 1). Of the 37 children with a confirmed diagnosis of
amblyopia (corrected amblyopia), five were diagnosed with myopia, 19 with
astigmatism, six with strabismus and myopia, six with hyperopia, and one
with another diagnosis. According to parental report, the time for
correcting amblyopia (i.e., wearing corrective lenses) varied from 1–72
months: (a) 1–6 months¼ five children; (b) 7–12 months¼ five children; (c)
16–18 months¼ three children; (d) 24 months¼ 3 children; (e) 36 months¼ six
children; (f) 48 months¼ three children; (g) 54 months¼one child; (h) 60
months¼ two children; (i) 66 months¼one child; (j) 72 months¼ two children;
and (k) parents of six children did not report the correction time.

The research protocol for this study received ethical approval from the inves-
tigators’ Research Ethics Committee. School directors approved the study, and
parents, or legal guardians of all underage children gave their informed consent
for each child’s participation. Additionally, all children gave their verbal assent
prior to data collection. All procedures were in accordance with the 1964
Helsinki declaration and its later amendments. Researchers were trained in
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the specifications of the assessment’s protocols. Evaluations of motor compe-

tence were conducted in the school gymnasium.

Procedures

We assessed the children’s visual acuity with the Snellen chart (Kronbauer et al.,

2008), their motor competence with the Motor Competence Assessment (MCA)

battery (Luz et al., 2016; Rodrigues et al., 2019), and physical activity with the

Physical Activity Questionnaire for older children (PAQ-C; Crocker et al., 1997;

Kowalski et al., 1997), as described next.

Visual Acuity Assessment. Visual acuity was assessed using the Snellen chart

(Kronbauer et al., 2008). The Snellen chart is the universally accepted method

for measuring visual acuity, a screening tool for detecting poor vision. The test

consists of reading images aloud (i.e., letters, and numbers arranged in eight

horizontal lines); visual acuity is considered to be the lowest line on the chart on

which the individual is able to “read” all images correctly (Zapparoli et al.,

2009). Corrective lenses are allowed in the non-specific clinic. We positioned

the Snellen Optotype Chart six meters away from the child and fixed it one

meter from the floor. The evaluation was performed by non-compressive occlu-

sion of one eye at a time, starting with the occlusion of the left eye, and visual

acuity values were recorded on a logarithmic scale in the individual question-

naire. Children who used optical correction underwent the test with glasses only.

Low visual acuity corresponds to font values that are �0.7 in the Snellen table

and, according to the criteria of the World Health Organization (WHO), visual

acuity greater than 0.7 is considered normal.
The Snellen test results were used to divide the children into three groups:

non-amblyopia, corrected amblyopia and non-corrected amblyopia

Table 1. Means (Standard Deviations) of Participant Characteristics Across Three Visual
Acuity Groups.

Groups

Non amblyopia

(n¼ 97)

Corrected amblyopia

(n¼ 37)

Non corrected amblyopia

(n¼ 31)

Age (years) 7.6 (1.2) 7.6 (1.3) 6.9 (1.0)

Weight (kg) 28.4 (6.7) 29.4 (8.1) 26.5 (6.7)

Height (meters) 1.29 (0.0) 1.28 (0.1) 1.24 (0.0)

BMI (kg/m2) 16.8 (2.6) 17.7 (3.1) 17.0 (2.8)

PAQ-C 2.5 (0.3) 2.5 (0.3) 2.4 (0.3)

BMI – Body Mass Index; PAQ-C – Physical Activity Questionnaire for Older Children.
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(underdiagnosed amblyope, i.e, without optical correction). To classify a child
as an underdiagnosed amblyope, the following conditions had to be met: (a)
visual acuity values < 0.7 on the Snellen scale in one or both eyes (although the
WHO considers values less than or equal to 0.7); (b) difference in vision between
the eyes greater than two lines on that scale, and (c) signs and symptoms of
ophthalmic changes, such as forward body tilt, furrowed brow, tearing, contin-
uous blinking of the eyes and strabismus. All tests with low visual acuity results
< 0.7 were repeated, and, if the test results were confirmed, the child was includ-
ed in the underdiagnosed amblyopic group and referred to the ophthalmologist
for diagnosis.

Parents and/or guardians answered a questionnaire (prepared by the main
investigator) that queried parents with regard to their child’s ophthalmic dys-
function, specifically as to whether the child’s vision was characterized by
decreased uni or bilateral visual acuity (medical diagnosis), the type and time
of treatment performed, and the time needed to correct the child’s visual focus
with glasses or contact lenses.

Motor Competence Assessment (MCA). The MCA is composed of two tests for each
component of MC (i.e., stability, locomotor, and manipulative) (Luz et al.,
2016; Rodrigues et al., 2019). All motor tests are scored quantitatively (prod-
uct-oriented), without a marked developmental (age) ceiling effect, and based on
the child’s feasible execution of motor tasks. In this study, testing conditions
were arranged prior to beginning assessments, and children performed all tests
in small groups (usually about five children per task). All participants completed
a 10-minute general and standardized warm-up before beginning the tests.
Examiners were previously trained in administering all tests, and the following
requirements were standardized: (a) a proficient demonstration of each test
technique was provided along with a verbal explanation; (b) every participant
experimented with each task before the actual test administration; (c) the
instructions emphasized that children should try to perform the task at their
maximum capacity (e.g., “as fast as possible” for the stability tests and 4� 10
shuttle run; “as far as possible” for the standing long jump; and “as hard as
possible” for the manipulative tests); and (d) motivational, but no verbal feed-
back was provided.

Shifting platforms: The test began with the participant standing with both feet
on one of the two wooden platforms (25 cm� 25 cm� 2 cm with four small 3.7
cm feet at the corners) with the second wooden platform on the floor at his side
(right or left as convenient). At the starting commands (Ready and Go) the
participant reached for one platform, moved it to the opposite side and stepped
onto it as quickly as possible. This process was repeated for 20 seconds, and
each successful transfer from one platform to the other was scored with two
points (one point for moving the platform to the other side; and one point for
moving the body to the platform). Participants were given two of these 20-
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second trials, with a 2-minute interval between trials, and only the child’s best
score was used in subsequent analyses.

Jumping Sideways: Standing on one side of a rectangular surface (100 cm
length � 60 cm width) divided by a small wooden beam (60 cm length � cm
high 2 cm width) in the middle, the participant jumped sideways with two feet
together (simultaneously) as fast as possible for 15 seconds. The test began with
voice commands (Ready and Go), and each correct jump (two feet
together, without touching outside the rectangle, and without stepping in the
wooden beam) was scored with 1 point. We considered only the child’s best of
two trials in further analyses.

Shuttle Run: From the start line (100 cm � 5 cm), and at the voice command
(Ready and Go), the participant ran at maximal speed to a second line
(100 cm � 5 cm) placed 10 meters apart where two rounded blocks (10 cm
high, 5 cm in diameter) were placed immediately after the line and 25 cm
apart from each other. The participant picked up one of the blocks, ran back
to the starting line, and placed it on the ground after the line (no matter what
position), and then ran back to retrieve the second block. The test was finished
when the participant passed the start/finish line carrying the second block. Two
trials were allowed with a 2-minute interval between them, and we used only the
best score of the two trials for further analyses.

Standing Long Jump: The participant jumped as far as possible, using both
feet simultaneously on the take-off and landing. The distance (in cm) was mea-
sured between the starting line and the place where the back of the heel closest to
the starting line landed. The final score was the child’s best score out of three
correctly conducted trials.

Ball Throwing Velocity:Using an overarm action, the participant threw a ball
at a maximum speed against a wall. The participant could choose to have a
preparatory balance (one or two steps) before throwing the ball. For children
between 3–10 years old a tennis ball was used (diameter: 6.5 cm; weight: 57 g).
The ball’s peak velocity was measured in meters/second with a velocity radar
gun (e.g. Pro II Stalker radar gun) placed at the side of the participant’s dom-
inant hand at about his/her shoulder level and facing the target wall. The final
score was the best of three correct trials.

Ball Kicking Velocity: The participant kicked a soccer ball at a maximum
speed against a wall. The participant could choose to assume a preparatory
balance (1–2 steps) before kicking the ball. For children between 3–8 years
old, we used a number three soccer ball (circumference: 62 cm, weight: 350 g).
For children 9–10 years of age, we used a number four soccer ball (circumfer-
ence: 64 cm, weight: 360 g). The ball’s peak velocity was measured in meters/
second with a velocity radar gun (e.g. Pro II Stalker radar gun) placed at the side
of the participant’s dominant foot, close to the line on the floor at one meter
from the ground and facing the target wall. Every participant performed three
trials, with the final score being the child’s best trial.

752 Perceptual and Motor Skills 128(2)



Physical Activity Assessment

All children completed the physical activity questionnaire for older children
(PAQ-C) to assess the physical activity they had performed over the last

seven days. The PAQ-C consists of nine structured questions aimed at charac-
terizing different aspects of physical activity. Responses are coded on a 5-point
Likert scale, with higher scores indicating higher levels of physical activity.

Scores< 3 indicated that children were sedentary (Crocker et al., 1997;
Kowalski et al., 1997). The information from the PAQ-C, obtained through

assisted interviews based on the European Portuguese version of the PAQ-C
(Sabino et al., 2018) was used to classify the children’s physical acitivity.

Statistical Analysis. We performed an a priori power analysis to estimate the

needed participant sample size for this study. We used Gpower 3.3 and set
alpha at p< 0.05, a statistical power estimate R 0.80, a predicted effect size of

0.25, and an error value of 0.05. This calculation yielded a required sample size
of 90, or a sub-sample size of 30 participants for each group. We calculated

descriptive statistics (means and standard deviations) to characterize partici-
pants’ age, weight, height, BMI, physical activity level (PAQ-C) and motor
competence (MC), with data aggregated by each amblyopia group. We trans-

formed the raw scores for each task into Portuguese normative values (percen-
tiles), according to age and gender, based on data from Rodrigues et al. (2019).

We computed stability, locomotor and manipulative category scores as the sum
of the two tasks’ percentiles. We calculated total MC as the mean of the per-
centiles for all tests.

We verified the normality of the data distributions with the Shapiro-Wilk test
and used Levene’s test to assess the homogeneity of the variables. The omnibus

statistical significance of the difference in MC between the three groups (non-
amblyopia, corrected amblyopia and non-corrected amblyopia) was determined

by using one-way analysis of variance (ANOVAs) for each MCA task (shifting
platforms, jumping sideways, shuttle run, standing long jump, ball throwing

velocity, ball kicking velocity), and for the individual MC components (stability,
locomotor and manipulative), following up with post-hoc Least Significant
Difference (LSD) tests when necessary. We set the statistical significance level

at p< less 0.05 for all statistical tests. All statistical analyses were conducted in
SPSS Version 23.0 (IBM Corporation and other(s) 1989, 2013, Armonk, North

Castle, New York, United States).

Results

Table 1 presents the participants’ descriptive statistics for age, weight, height,
body mass index (BMI) and physical activity level (PAQ-C), according to the
three amblyopia conditions. An examination of the children’s physical activity
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levels (from the PAQ-C) revealed that, on average, children in all groups were

classified as sedentary, as they averaged scores < 3. Only 12.4% of non-

amblyopia children were classified as active, with scores between 3 and 5;

10.8% of corrected amblyopia children were active and 9.7% of non-

corrected amblyopia were active.

MCA Tasks

Overall, the ANOVA results on the MCA showed that the non-amblyopia chil-

dren presented the best MC results, followed by the corrected amblyopia group

and then the non-corrected amblyopia group.
On the shifting platforms task, the ANOVA showed a significant group effect

(F2,162¼ 5.947, p< 0.003) (see Table 2) with post hoc tests indicating that the

non-amblyopia children performed significantly better than either their non-

corrected amblyopia peers (p¼ 0.010) or their corrected amblyopia (p¼ 0.005)

peers. No significant differences were found between the corrected amblyopia

and non-corrected amblyopia groups (p¼ 0.742) on the shifting platforms task.
Regarding the jumping laterally task, the ANOVA again showed significant

differences between groups (F2,162¼ 4.035, p< 0.019), with post hoc tests indi-

cating that children in the non-amblyopia group performed significantly better

than their peers in the non-corrected amblyopia group (p¼ 0.008).
In the standing long jump task, there was a tendency toward better perfor-

mance by the non-amblyope children, but this analysis failed to reach a signif-

icant group effect (F2,162¼ 2.800, p¼ 0.064) (see Table 2).

Table 2. Means (Standard Deviations) of the Percentiles and Significant Group Difference
Findings of MCA Tasks, MCA Components and of MCA Total Score by Amblyopia Group.

MCA tasks

1 Non-

amblyopia

2 Corrected

amblyopia

3 Non-corrected

amblyopia

Significant group

differences

Shifting platforms 82.18 (22.33) 69.32� 31.94 67.29� 25.63 1>2; 1>3

Jumping laterally 50.31 (24.96) 42.70� 24.75 36.13� 27.68 1>3

Standing long jump (cm) 68.46 (23.13) 57.92� 27.61 61.97� 23.57 –

Shuttle run (s) 50.54 (24.21) 39.59� 27.29 31.26� 23.31 1>2; 1>3

Ball throwing

velocity (km/h)

64.73 (26.77) 56.51� 30.02 50.71� 28.90 1>3

Ball kicking

velocity (km/h)

51.94 (29.67) 51.19 (26.91) 46.26 (31.64) –

MC components

Stability 66.24 (19.36) 56.01 (23.5) 51.71 (23.20) 1>2; 1>3

Locomotor 59.50 (20.18) 48.75 (24.40) 46.61 (20.01) 1>2; 1>3

Manipulative 58.33 (22.47) 53.85 (21.40) 48.48 (25.19) –

MCA total 66.24 (19.36) 56.01 (23.57) 51.71 (23.20) 1>2; 1>3
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For the shuttle run, the ANOVA showed a significant difference between

groups (F2,162¼ 8.034, p< 0.001) (see Table 2), with post hoc testing showing

that the non-amblyopia children performed significantly better than both the

non corrected amblyopia group (p¼ 0.024) and the corrected amblyopia group

(p< 0.001). No significant differences were found between the corrected ambly-

opia and non-corrected amblyopia groups (p¼ 0.169).
For ball throwing velocity, the ANOVA showed a significant group effect

(F2,162¼ 3.389, p¼ 0.036) (see Table 2). Although the non-amblyopia group

presented better results than the other groups, post hoc analyses revealed only

one statistically significant difference between the non-amblyopia group and the

non-corrected amblyopia group (p¼ 0.016).
Regarding kicking ball velocity, the ANOVA did not reveal a significant

group effect (F2,162¼ 0.443, p¼ 0.643) (see Table 2). The performance of the

three groups was very similar on this task.

MC Components

Considering the MC components, there were main group effects for the compo-

nents of stability (F2,162¼ 7.035, p¼ 0.001) and locomotor (F2,162¼ 6.210,

p¼ 0.003) (see Table 2). Post hoc tests showed that the non-amblyopia children

performed significantly better than both their non-corrected amblyopia peers

(stability: p¼ 0.001; locomotor: p¼ 0.004) and their corrected amblyopia peers

(stability: p¼ 0.013; locomotor: p¼ 0.009), but there were no significant differ-

ences between the corrected amblyopia and non-corrected amblyopia groups

(stability: p¼ 0.403; locomotor: p¼ 0.678) (Table 2). For the manipulative com-

ponent, the ANOVA did not reveal statistically significant differences (F2,162¼
2.311, p¼ 0.102) (see Table 2).

Regarding the MC total score, the ANOVA revealed a statistically significant

difference between groups (F2,162¼ 7.703, p¼ 0.001) with post hoc testing

revealing that the non-amblyopia children performed significantly better than

both the non-corrected amblyopia group (p¼ 0.001) and the corrected ambly-

opia children (p¼ 0.011), but no significant differences were found between the

corrected amblyopia and non-corrected amblyopia groups (p¼ 0.345) (see

Table 2).

Discussion

In this study, we assessed the motor competence of children with and without

amblyopia. Amblyopia is related to the presence of strabismus, refractive errors,

astigmatism, and anisometropia. Determination of visual acuity is generally the

first clinical step to identify the presence of amblyopia (Asper et al., 2000;

Webber, 2018), and we used the Snellen chart to evaluate visual acuity of
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children in this study, referring all children with uncorrected amblyopia to a
specialist to confirm the diagnosis of amblyopia.

Overall, our results showed that children without amblyopia presented better
MC results on the MCA battery than children with corrected amblyopia and
non-corrected amblyopia. These results confirmed our hypothesis that children
with amblyopia would show lower levels of motor competence. These group
differences were mainly in terms of the stability and locomotor components of
the MCA, implying that dynamic balance and the change of spatial position and
direction of movement (Gallahue et al., 2013), rather than the manipulative
MCA component (ball throwing velocity and ball kicking velocity), were the
bases for these group findings.

Vision played an important role in affecting stability motor skills by influenc-
ing these children’s posture and balance (static and dynamic), which are funda-
mental for the performance of tasks involving stability. This is consistent with a
generally accepted integration of visual and motor skills in child development
and with a presumption that impairments in either visual or motor systems
would be expected to be associated with impairment in the accompanying
system (Atkinson, 2017). Prior research has established that, with age, there is
a decreased dependence on the visual system for motor skills. There is a pro-
gressive mastery of the somatosensory and vestibular systems in the control of
postural balance (Sá et al., 2018; Steindl et al., 2006). This process continues
until all of the systems are fully calibrated to adult levels of performance, at
which point the vestibular system seems to dominate (Bucci et al., 2009;
Hirabayashi & Iwasaki, 1995; Sá et al., 2018; Steindl et al., 2006). It is worth
mentioning that, in the MCA battery, the stability tasks and one task of the
locomotor component (shuttle run), involve interaction with objects, requiring
other components of visual functioning, such as acuity, binocular vision (stere-
opsis) and eye movements, all of which may be compromised in children with
different degrees of amblyopia (Fox, 1990; Gaertner et al., 2013a, 2013b; Paulus
et al., 1984). The results in our study for the jumping sideways, shifting
platforms and the shuttle run tasks indicate that children with amblyopia
were not making good use of compensatory postural mechanisms and/or of
other sensory systems (proprioception and vestibular) to adapt to challenging
tasks that involved interaction with objects. These findings support the
hypothesis of a broad “dorsal stream vulnerability” in neurodevelopmental
disorders with different etiologies, such as amblyopia (Atkinson, 2017;
Braddick & Atkinson, 2013). Visual processing is divided into dorsal and ventral
streams, with the ventral stream (occipito - temporal pathway) processing color
and form, allowing object recognition, and the dorsal stream (occipito-parietal
pathway) processing motion and spatial information, controlling action. Hence,
dorsal and ventral visual streams interact in complex object-oriented movements
(Milner, 2017; Poletti, 2019), such as jumping sideways, shifting platforms and
shuttle run tasks.Our results indicate that vision components affected postural
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control among children with mild visual disorders, both in the non-corrected
amblyopia group (as expected) and in the corrected amblyopia group. Thus,
amblyopia correction did not lead to an immediate improvement in motor skill
performance, probably because improvement from this correction requires fur-
ther time for brain processing adaptations in the visual processing system asso-
ciated with the execution of motor tasks. These findings are in line with the
results of studies involving children with strabismus (Dickmann et al., 2016;
Gaertner et al., 2013b; Legrand et al., 2011; Lions et al., 2013; Odenrick
et al., 1984) and with a study by Zipori et al. (2018) that found a reduction in
balance control among children with amblyopia and strabismus without ambly-
opia, compared to control children with normal vision.

Another point regarding children with corrected amblyopia is their need to
adapt to wearing eye glasses. This adaptation is often not easy, when glasses are
used only in certain situations, such as when reading or during activities that
take place in the classroom, but not during physical education classes or class
breaks. Yet, throughout these occasions there is time for directed or free play
situations, in which children experience activities that involve motor skills; and
the use of corrective lenses in these circumstances would assist in their adjust-
ment to altered visual information needed for movement. The time that these
children with amblyopia remain undiagnosed can further influence their motor
skill development, especially because early stages of development are character-
ized by an integrated visual-motor dependence (Brandt, 2003; Gibbs et al., 2007;
Losse et al., 1991; Woollacott & Shumway-Cook, 1990). For childern with
amblyopia, this integrated visual-motor functioning is altered by impaired bin-
ocularity that affects postural control and balance needed for stability, locomo-
tor and manipulative MC. We expected that children with amblyopia would
depend more on vestibular and somatosensory system inputs for postural con-
trol, compared to children without amblyopia. However, it seems that these
children could not fully substitute for missing visual input with compensatory
postural mechanisms from other sensory systems in order to keep up with peers
regarding balance and other fundamental aspects of MC.

Regarding the manipulative tasks, namely ball throwing velocity and ball
kicking velocity, contrary to our hypothesis, we found no significant amblyopia
group differences. Ball throwing velocity was poorer among children with
uncorrected amblyopia in relation to children without amblyopia, perhaps indi-
cating that visual input assisted but did not determine performance in the same
way as it did for fine motor tasks, such as directing the hand at a target in space
to grasp it (Brandt, 2003).

The development of manipulative skills involves muscle coordination and the
ability to organize visual information, and this development varies from child to
child. The ball throwing task depends on such factors as the size and age of the
child and the size of the ball (Gabbard, 2008). When throwing a ball, the child
predominantly uses the proximal joints of the upper limb that must be
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coordinated with the transfer of weight in the lower limbs and with trunk rota-
tion movement (Goodway et al., 2019). Visual information has an important
role in this process, not only to assist postural control, as previously mentioned,
but also because other components of visual functioning, such as acuity, binoc-
ular vision (stereopsis) and eye movements, are necessary for a successful action.
These components are more or less affected in children with amblyopia (Fox,
1990; Gaertner et al., 2013a, 2013b; Paulus et al., 1984).

Kicking a ball is influenced by the same aspects mentioned above for the
throwing task, but in kicking it is the foot and not the hand that is used to
project the ball into space (Goodway et al., 2019). Despite the similarities
between these tasks, there were no differences between any of the amblyopia
groups for the kicking task, and having amblyopia or not had no influence
on ball kicking. It should be noted that many children fail to master this
task even during the normal course of development, perhaps helping to
explain why we found no significant differences between ambyopia groups
on this task.

School-age children with deficits in fundamental motor skills, such as those
associated with amblyopia, may also have impaired school performance,
delayed social development and weaker self-esteem (Gabbard, 2008). Thus, it
is important to assess the fundamental motor skills (motor competence) of chil-
dren with amblyopia to avoid long-term consequences of undiagnosed and
uncorrected vision problems (Legrand et al., 2011; Lions et al., 2013). This
circumstance highlights the need for child professionals to have access to and
use reliable developmentally normed assessment instruments (Bucci et al., 2016).
The MCA battery we administered revealed the greatest MC difference between
non-amblyopia and amblyopia children. The advantage of the MCA is that it
can be administered without putting children at any physical risks due to their
amblyopia. Additionally, it is easy to perform, even by children with vision
problems, and it isolates the three components of MC for a more refined anal-
ysis. Large scale screening programs enable health conditions to be identified so
that effective interventions can be offered. The assessment of visual acuity is also
essential in child screening programs. In our sample, we identified 31 children
with visual acuity disorders who might have remained undiagnosed and vulner-
able to delays in their motor development and larger developmental implications
as noted.

Limitations and Directions for Further Study

Among this study’s limitations, the children with corrected amblyopia showed
widely varied lengths of time wearing corrective lenses with small numbers of
children in each category of specific corrective time periods. Thus, we were
unable to further analyze the effect of amblyopia correction time on the devel-
opment of motor competence. In cases where visual impairment is a primary
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problem, such as with amblyopia, it is essential to determine not only the level

of visual impairment, but also its impact on children’s motor, cognitive and

behavioral development, including the impact of varied correction time peri-

ods. In addition, it would have been interesting to include a hand-eye coor-

dination task as a supplement to the MCA test battery. Tasks that involve eye-

hand coordination skills for reaching and accurately grasping and manipulat-

ing real-world objects involve a series of actions that are critically influenced

by visual information about the three dimensional properties of the target and

of the near-space environment in which the target resides (Grant & Moseley,

2011). Future studies might address this motor component among children

with amblyopia and better analyze the effect of variations in amblyopia cor-

rection times. Finally, in light of our sample size, we did not separately ana-

lyze the relationship between amblyopia and motor competence in boys and

girls, and this analysis may also be a target of investigation for future

researchers.

Conclusion

Our findings suggest that vision plays an important role in the development of

children’s motor competence, with specific implications for children with ambly-

opia, not just for fine motor but also for gross motor skills and, in some instan-

ces, even when amblyopia has been corrected. We found that children without

amblyopia presented better results than children with corrected and especially

uncorrected amblyopia, particularly in stability and locomotion components of

motor competence. The development of fundamental motor skills, especially of

stability and locomotor skills, may be affected by visual limitations, as poor

visual processing leads to poor movement accuracy, uncoordinated movements,

and impaired balance. The identification of children at risk of not developing

adequate levels of motor competence, due to visual impairment or other reasons

is important because reduced motor competence can have lifelong effects on

physical activity, sports participation, fitness level, and overall health.
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Sá et al. 761

https://doi.org/10.3389/fnsys.2016.00067
https://doi.org/10.1080/09638280701257221
https://doi.org/10.1080/09638280701257221
https://doi.org/10.3758/BF03208174
https://doi.org/10.3758/BF03208174
https://doi.org/10.1016/j.ridd.2014.03.011
https://doi.org/10.1016/j.ridd.2014.03.011
https://doi.org/10.1007/s00417-004-0936-5
https://doi.org/10.1371/journal.pone.0060341
https://doi.org/10.1167/iovs.12-10586
https://doi.org/10.1167/iovs.12-10586
https://doi.org/10.1136/adc.2005.088054


Grant, S., & Moseley, M. J. (2011). Amblyopia and real-world visuomotor tasks.

Strabismus, 19(3), 119–128. https://doi.org/10.3109/09273972.2011.600423
Hess, R. F., Mcilhagga, W., & Field, D. J. (1997). Contour integration in strabismic

amblyopia: The sufficiency of an explanation based on positional uncertainty. Vision
Research, 37, 3145–3161. https://doi.org/10.1016/S0042-6989(96)00281-7

Hirabayashi, S., & Iwasaki, Y. (1995). Developmental perspective of sensory organiza-

tion on postural control. Brain and Development, 17(2), 111–113. https://doi.org/10.
1016/0387-7604(95)00009-Z

Holfelder, B., & Schott, N. (2014). Relationship of fundamental movement skills and

physical activity in children and adolescents: A systematic review. Psychology of Sport

and Exercise, 15(4), 382–391. https://doi.org/10.1016/j.psychsport.2014.03.005
Hrisos, S., Clarke, M. P., Kelly, T., Henderson, J., & Wright, C. M. (2006). Unilateral

visual impairment and neurodevelopmental performance in preschool children. British
Journal of Ophthalmology, 90(7), 836–838. http://dx.doi.org/10.1136/bjo.2006.090910

Jefferis, J. M., Connor, A., & Clarke, M. P. (2015). Amblyopia. British Medical Journal,
351, h5811. https://doi.org/10.1136/bmj.h5811

Kowalski, K. C., Crocker, P. R., & Faulkner, R. A. (1997). Validation of the physical

activity questionnaire for older children. Pediatric Exercise Science, 9(2), 174–186.
https://doi.org/10.1123/pes.9.2.174

Kronbauer, A. L., Schor, P., & Carvalho, L. A. V. D. (2008). Medida da vis~ao e testes

psicof�ısicos.[Vision measurement and psychophysical tests] Arquivos Brasileiros de

Oftalmologia, 71(1), 122–127. https://doi.org/10.1590/S0004-27492008000100027
Largo, R. H., Caflisch, J. A., Hug, F., Muggli, K., Molnar, A. A., Molinari, L., Gasser,

T. (2001). Neuromotor development from 5 to 18 years. Part 1: Timed performance.
Developmental Medicine & Child Neurology, 43(7), 436–443. https://doi.org/10.1111/j.
1469-8749.2001.tb00739.x

Legrand, A., Quoc, E. B., Vacher, S. W., Ribot, J., Lebas, N., Milleret, C., & Bucci,

M. P. (2011). Postural control in children with strabismus: Effect of eye
surgery. Neuroscience Letters, 501(2), 96–101. https://doi.org/10.1016/j.neulet.2011.

06.056
Levi, D. M. (2006). Visual processing in amblyopia: Human studies. Strabismus, 14,

11–19. https://doi.org/10.1080/09273970500536243
Levi, D. M., Knill, D. C., & Bavelier, D. (2015). Stereopsis and amblyopia: A mini-

review. Vision Research, 114, 17–30. https://doi.org/10.1016/j.visres.2015.01.002
Lions, C., Bui-Quoc, E., & Bucci, M. P. (2013). Postural control in strabismic children

versus non strabismic age matched children. Graefe’s Archive for Clinical and

Experimental Ophthalmology, 251(9), 2219–2225.
Losse, A., Henderson, S. E., Elliman, D., Hall, D., Knight, E., & Jongmans, M. (1991).

Clumsiness in children—Do they grow out of it? A 10-year follow-up study.
Development Medicine & Child Neurology, 33(1), 55–68. https://doi.org/10.1111/j.

1469-8749.1991.tb14785.x
Lubans, D. R., Morgan, P. J., Cliff, D. P., Barnett, L. M., & Okely, A. D. (2010).

Fundamental movement skills in children and adolescents. Sports Medicine, 40(12),

1019–1035. https://doi.org/10.2165/11536850-000000000-00000
Luz, C., Rodrigues, L. P., Almeida, G., & Cordovil, R. (2016). Development and vali-

dation of a model of motor competence in children and adolescents. Journal of Science
and Medicine in Sport, 19(7), 568–572. https://doi.org/10.1016/j.jsams.2015.07.005

762 Perceptual and Motor Skills 128(2)

https://doi.org/10.3109/09273972.2011.600423
https://doi.org/10.1016/S0042-6989(96)00281-7
https://doi.org/10.1016/0387-7604(95)00009-Z
https://doi.org/10.1016/0387-7604(95)00009-Z
https://doi.org/10.1016/j.psychsport.2014.03.005
http://dx.doi.org/10.1136/bjo.2006.090910
https://doi.org/10.1136/bmj.h5811
https://doi.org/10.1123/pes.9.2.174
https://doi.org/10.1590/S0004-27492008000100027
https://doi.org/10.1111/j.1469-8749.2001.tb00739.x
https://doi.org/10.1111/j.1469-8749.2001.tb00739.x
https://doi.org/10.1016/j.neulet.2011.06.056
https://doi.org/10.1016/j.neulet.2011.06.056
https://doi.org/10.1080/09273970500536243
https://doi.org/10.1016/j.visres.2015.01.002
https://doi.org/10.1111/j.1469-8749.1991.tb14785.x
https://doi.org/10.1111/j.1469-8749.1991.tb14785.x
https://doi.org/10.2165/11536850-000000000-00000
https://doi.org/10.1016/j.jsams.2015.07.005


Mammarella, I. C. (2020). The importance of defining shared criteria for the diagnosis of

nonverbal learning disability. JAMA Network Open, 3(4), e202559–e202559.
Mills, M. D. (2003). Section II: Specific diseases—Amblyopia». In: M. W. Schwartz

(Ed.), The 5-minute pediatric consult (3rd ed., pp.110–111). Lippincott Williams &

Wilkins.
Milner, A. D. (2017). How do the two visual streams interact with each other?

Experimental Brain Research, 235, 1297–1308. https://doi.org/10.1007/s00221-017-

4917-4
Miller, J. M., & Lessin, H. R. (2012). American Academy of Ophthalmology; American

Association for Pediatric Ophthalmology and Strabismus; American Association of

Certified Orthoptists. Instrument-based pediatric vision screening policy statement.

Pediatrics, 130(5), 983–986.
Niechwiej-Szwedo, E., Goltz, H. C., Chandrakumar, M., Hirji, Z., Crawford, J. D., &

Wong, A. M. (2011). Effects of anisometropic amblyopia on visuomotor behavior,

part 2: Visually guided reaching. Investigative Ophthalmology & Visual Science, 52(2),

795–803. https://doi.org/10.1167/iovs.10-6092
O’Connor, A. R., Birch, E. E., Anderson, S., & Draper, H. (2010). Relationship between

binocular vision, visual acuity, and fine motor skills. Optometry and Vision Science,

87(12), 942–947. https://doi.org/10.1097/OPX.0b013e3181fd132e
Odenrick, P., Sandstedt, P., & Lennerstrand, G. (1984). Postural sway and gait of chil-

dren with convergent strabismus. Developmental Medicine & Child Neurology, 26(4),

495–499. https://doi.org/10.1111/j.1469-8749.1984.tb04477.x
Paulus, W. M., Straube, A., & Brandt, T. H. (1984). Visual stabilization of posture:

Physiological stimulus characteristics and clinical aspects. Brain, 107(4), 1143–1163.

https://doi.org/10.1093/brain/107.4.1143
Poletti, M. (2019). A research framework to isolate visuospatial from childhood motor

coordination phenotypes. Applied Neuropsychology: Child, 8(4), 383–388. https://doi.

org/10.1080/21622965.2018.1455583
Robinson, L. E., Stodden, D. F., Barnett, L. M., Lopes, V. P., Logan, S. W., Rodrigues,

L. P., & D’Hondt, E. (2015). Motor competence and its effect on positive develop-

mental trajectories of health. Sports Medicine, 45(9), 1273–1284. https://doi.org/10.

1007/s40279-015-0351-6
Rodrigues, L. P., Luz, C., Cordovil, R., Bezerra, P., Silva, B., Cam~oes, M., & Lima, R.

(2019). Normative values of the motor competence assessment (MCA) from 3 to 23

years of age. Journal of Science and Medicine in Sport, 22(9), 1038–1043. https://doi.

org/10.1016/j.jsams.2019.05.009
Rourke, B. P., Ahmad, S. A., Collins, D. W., Hayman-Abello, B. A., Hayman-Abello,

S. E., & Warriner, E. M. (2002). Child clinical/pediatric neuropsychology: Some

recentadvances. Annual Review of Psychology, 53, 309–339. https://doi.org/10.1146/

annurev.psych.53.100901.135204
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