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ABSTRACT ARTICLE HISTORY
Clinical relevance: Vision plays an important role in the normal motor development of Received 29 April 2025
children. Increased understanding of this relationship is important for providing appro- ~ Revised 18 November 2025
priate advice in a clinical setting. Accepted 25 January 2026

Background: Growing evidence indicates that vision anomalies are associated with KEYWORDS
reduced motor performance in children. This study investigated whether feedback Accommodation; child;
loop noise, induced by common vision anomalies, adversely affects sensorimotor pro- development; hyperopia;
cessing in children aged 7 to 16. motor control
Methods: Sensorimotor function was measured in 409 children aged 7-8, 10-11, and

15-16 years as part of an annual school vision programme. The vision programme

included assessment of visual acuity, binocular vision and refraction. Aiming and steering

sensorimotor performance were measured using a validated tool that utilised a stylus on

a tablet computer. Analysis of covariance models tested whether visual function (bino-

cular near visual acuity, amplitude of accommodation, near point of convergence) and

refractive error, along with age, contributed to the variance in aiming and steering

performance.

Results: Sensorimotor performance showed considerable variation within each age

group. The simplest models that captured aiming variance included age and refractive

error (R*=0.42, F[3, 402] =99.04, p < 0.001), whilst age and accommodative function

contributed towards steering variance (R> = 0.22, F[3, 400] = 38.72, p < 0.001).

Conclusion: Hyperopic refractive errors and reduced accommodative function affect the

ability to perform sensorimotor transformations, negatively impacting age-expected

manual control skill levels. Longitudinal research is needed to test whether correcting

hyperopia can: (i) improve the development of sensorimotor processing; (i) produce

beneficial changes in motor skill abilities.

Introduction

Common vision anomalies, such as amblyopia, strabismus, or significant refractive error, can affect quality of
life, education, mental health, and wellbeing’? in children and these problems may extend into adulthood.?
One plausible and probable causal mechanism that links visual status and childhood outcomes is sensorimotor
function. There is a substantial body of evidence that shows sensorimotor function to be a major contributing
factor to the long-term education and health outcomes of children, e.g., Barnett, et al.* and Grissmer, et al.®

Vision anomalies must logically create some degree of noise in the sensorimotor processes that underpin
sensorimotor performance.® It therefore follows that vision anomalies will, at some level of severity,
negatively impact on motor abilities in a child. In support of this, converging empirical evidence shows
that vision anomalies such as amblyopia and strabismus are associated with impaired motor development in
children, specifically affecting fine motor skills and balance.” Moreover, impaired motor performance is
evident in preschool children with significant hyperopia (= +3.00D) even after controlling for amblyopia and
strabismus.®'°
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Stereoacuity and vergence facility have been found to be associated with grasping performance in
a bead threading task in healthy 8-14-year-old children with otherwise normal binocular vision."
Reduced accommodative function has been shown to be negatively associated with motor perfor-
mance in children with reading difficulties’? and developmental coordination disorder."?

In summary, numerous studies have shown that vision anomalies affect sensorimotor function in
children. This raises a more intriguing question: at what threshold does a vision anomaly begin to
impact performance? An additional question arises from the dynamic nature of sensorimotor learning
during childhood: May common vision anomalies, that do not prevent task performance (such as
reduced visual acuity'* and unilateral vision loss'?), nevertheless hinder optimal sensorimotor devel-
opment by introducing noise in the feedback loops that underpin sensorimotor learning (Figure 1)?°
This is an important question in childhood development, where reduced visual input may hinder
sensorimotor learning and control, much like how uncorrected refractive error can prevent the
optimal development of spatial resolution in vision, e.g., Cotter et al.'®

To address this question, the Clinical Kinematic Assessment Tool (CKAT)'”'® was used. CKAT
measures performance on three visuomotor transformations that capture the three fundamental
sensorimotor processes of aiming, steering (also known as tracingw), and tracking. The tool effec-
tively captures changes in sensorimotor processing as children age from 4 to 11years.®' The
tracking task is minimally affected by monocular viewing,'” and relies more on predicting target
movement than visual feedback.?° In contrast, aiming and steering rely on online visual feedback,?'
with performance improving under binocular viewing.'> Online visual feedback provides real-time
visual information on hand position and speed relative to an object.”?

The hypothesis was that mild vision anomalies, such as hyperopic refractive error and reduced
accommodation, though not severe enough to prevent a child from performing the visuomotor
transformations required for CKAT tasks, would still impair performance by introducing noise into the
feedback loops underlying sensorimotor learning.® This was informed by observations of negative
impacts on sensorimotor function in adults with simulated monocular vision'> and reduced visual
acuity.'® It seemed reasonable, therefore, to hypothesise that low-to-moderate hyperopic refractive
errors could impair sensorimotor function. The hypothesis was tested using CKAT in 7-16-year-old
children participating in a school vision programme.
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Figure 1. Schematic showing the key components of learning and sensorimotor control processes. Feedback signals (such
as visual and other sensory inputs) are essential for effective learning (enabling fine tuning of ‘internal models’) and online
control. These signals are subject to noise (Wn). It follows that decreasing the quality of the visual signal (i.e., increasing
noise) will impair learning and control. Physiological constraints place an upper bound on the quality of the visual signal,
but it follows that visual deficiencies (e.g., blurred visual feedback caused by uncorrected hyperopia or impaired
accommodative function) above this physiological threshold will increase noise and decrease performance on sensorimotor
tasks.
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Methods
Participants

This cross-sectional study included school children aged 7-8, 10-11, and 15-16 years (attending 2nd, 5th and
10th grade, respectively). The children were recruited as part of an annual, free of charge school vision
testing program offered to all children in four community schools of Kongsberg municipality, Norway, within
the period 2016-2022. The majority of Kongsberg population is ethnic Norwegians (Caucasian) (83% in
2020-20222%), and the socio-demographic status of the municipality is representative of Norway.** There
were no further inclusion or exclusion criteria.

The study followed the Declaration of Helsinki and was approved by the Regional Committees for Medical
and Health Research Ethics in South-Eastern Norway and Norwegian Agency for Shared Services in Education
and Research. Informed written consent was obtained from both parents/guardians, in addition to verbal
consent from the children (themselves) before starting any procedure. Adolescents who had turned 16,
consented on their own behalf.

Procedure

Vision assessment

The vision assessment was performed at school by authorised optometrists and optometry students under
supervision. The examinations consisted of an age-appropriate symptoms questionnaire including queries
about vision-related symptoms for distance, for near (adapted from the Convergence Insufficiency Symptom
Survey (CISS)*®) and for ocular health. Non-cycloplegic refraction using retinoscopy (conducted by an
experienced optometrist) and monocular (6 m) and binocular (40 cm) visual acuity (logarithm of the
Minimum Angle of Resolution [logMAR]) measured with Bailey-Lovie ETDRS test charts (Precision Vision,
Woodstock, IL, USA) were included.

Binocular vision tests consisted of cover test [prism dioptres] at near (40 cm) and distance (6 m), mono-
cular amplitude of accommodation (push in and pull out values in dioptres [D]) and near point of
convergence (cm) using the Royal Air Force (RAF) ruler.”® The TNO stereo test (Laméris Ootech, Ede,
Netherlands) was used to measure stereoacuity [seconds of arc ()] at near (40 cm). The measurements
were obtained with habitual correction, if previously prescribed.

Assessment of sensorimotor function

All children completed the standardised sensorimotor tasks included in the CKAT.'”"'® The CKAT has been
used in the Born in Bradford study, United Kingdom, with over 15,000 children.'®?” The tasks were presented
on a tablet computer with two-dimensional (2D) visual stimuli (refresh rate 60 Hz), using a pen-shaped stylus
as the input device (movement recorded at 120 Hz). The tablet was laid flat on the school desk in front of the
child, who was seated on a chair. Instructions were given both orally and in writing on the tablet before each
task. The children used their preferred hand to perform tracking, aiming and steering tasks. Time to complete
the sensorimotor tasks was 12-15 minutes, and all tasks were completed either on the same day or within
a few weeks as the vision assessment.

Previous studies have shown that the aiming and steering tasks depend on online visual feedback.'*?'
This is unlike the tracking task, that depends more on predictions of a moving target.?’ Therefore, only
aiming and steering tasks will be presented in this study.

A detailed description of aiming and steering tasks can be found in a previously published study.'® The
aiming task (Figure 2) challenges the child to aim as quickly and accurately as possible to an appearing dot,
that relocates once the dot is reached (in an invisible star-like pattern). Movement time (MT) was recorded for
each move, from one dot to the next. The mean MT for the 50 distinct moves were calculated (known as
Baseline'®). The steering task (Figure 3) challenges the child to trace two abstract shapes (shape A and B,
where B was mirrored vertically to A) as accurately as possible within a 4 mm wide path, while staying inside
a ‘pacing box’ to control the speed.

In contrast to Flatters et al.'"® who presented shape A and B three times each, the test battery used in
current study tested both shapes only once (starting with shape A), to reduce the total testing time, similar to
Hill et al.'”® The outcome measure for the steering tasks was penalised path accuracy (pPA). Both path
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Figure 2. Aiming task. The participant began the task in the start position ('S’) (top image). A green dot appeared on the
screen, and the participant was instructed to move the stylus (the grey shape with a red dot. The red dot showed up on the
screen when the stylus touched the screen) as fast and accurate as possible to the green dot (second image). The green dot
disappeared once the participant ‘hit’ the dot, and the dot continued to move in an invisible star-like-pattern, with a total of
50 distinct moves, known as Baseline'® (third image). The task ended once the participant arrived at the finish box (‘F')
(bottom image). The grey arrows and numbers were not visible but were added here to show the direction of movement.
(The figure is modified from Flatters et al."® and Hill et al.').

/2

Shape A / Shape B

/

Figure 3. Steering task, shape A (left) and B (right). The participant started with shape a (top left image) and were instructed
to follow the appearing path (grey colour) as accurately as possible within a ‘pacing box’ (middle image), leaving a black ‘ink
trail’ all the way from start (green dot) to finish (red dot, bottom image). The same procedure was repeated for shape B. (The
figure is modified from Flatters et al.'® and Hill et al.’®).

accuracy (defined as the arithmetic mean of the distance between the drawn line and the actual pathway of
the shape, measured in mm) and the time used (ideally 36 seconds if the child kept inside the ‘pacing box’)
were calculated,’'® as follows:
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tti — 36
pPA = path accuracy(mm) * (1 + <movemen ime(s) ))

36

Data analyses

All statistical analyses were conducted using R 4.2.2 (R Foundation for Statistical Computing, Vienna,
Austria).”® The significance level was set at a = 0.05.

The sensorimotor outcomes, aiming (mean MT(s)) and steering (pPA, mean of shape A and B), were
inspected for normality using histograms and Q-Q plots. As the assumption of normality was violated, the
outcomes were transformed into reciprocal values to normalise the distribution.

A one-way analysis of covariance (ANCOVA) was used to compare the reciprocal mean MT (rec-MT)
and reciprocal mean pPA (rec-pPA), in the three age groups, whilst controlling for the following
covariates reported to be associated with motor performance: spherical equivalent refraction®'° (SER
= sphere + %2 cylinder, estimated from dry retinoscopy), binocular near visual acuity (NVA),'* push in
value of amplitude of accommodation (AC)'>'® and near point of convergence (NPC).?° The following
normal values or thresholds for SER, NVA, AC and NPC were considered: +1.50D,3° 0.00 IogMAR,31 7-8
years: ~13.00D, 10-11: ~12.40D and 15-16: ~11.00D (minimum)*? and 4.5 cm,*® respectively. Right eye
was used for SER and AC due to high correlation between the two eyes (R=0.90, p <0.001 and R=0.82,
p < 0.001, respectively).

The model specification for aiming was: rec-MT ~ Age group X SER x NVA x AC x NPC and was similar to
steering, only changing the outcome variable to rec-pPA. The stepAIC() function from the MASS package was
used to perform stepwise model selection by minimising the Akaike Information Criterion (AIC), which
balances model goodness-of-fit and simplicity.>* The impact of each main effect and interaction terms was
evaluated using the likelihood-ratio test.

Where consensus-based clinical thresholds for treatment exist, additional analyses were conducted to
determine if significant covariates would yield a differential effect on the type of sensorimotor outcome.

Previous research has linked impaired stereoacuity to reduced motor skills, though its impact is task
dependent. Alramis et al.>* found stereoacuity crucial for a bead-threading task but not for a peg-board task,
likely due to differences in 3D vs. 2D localisation demands. In this study, no significant differences were
found between children with impaired (>120 "”) and normal (<120 ") stereoacuity, aligning with Sheppard
et al.,'® who noted the CKAT does not rely on binocular cues.

Additionally, normal stereoacuity of <120 36 \was observed in most cases (n=376), while impaired
stereoacuity was observed in a smaller subset (n=26). The relatively small size of the latter subset was
insufficient for yielding statistically significant comparisons between the two groups. Consequently, the
analyses conducted in this study encompass data from both groups collectively.

Results

Four hundred and nine children (210 females, 51%) aged 7-8, 10-11, and 15-16 years, participated in the
study. Data were missing for seven participants, leaving n = 402. Table 1 shows the participant demographics
per age group and measures of visual function and refractive error.

Age, refractive error, and binocular visual function

Aiming (movement time)

A one-way ANCOVA was conducted to compare the rec-MT in the three age groups, whilst control-
ling for the covariates SER, NVA, AC and NPC. Interactions between the predictor variables did not
improve the fit of the model (x* [411=0.92, p=0.609). The analysis showed that age group and
refractive error (SER) collectively accounted for 42% of the variance in aiming performance (rec-MT)
(R =0.42, F[3, 402] = 99.04, p <0.001). There was a significant difference in rec-MT between the three
age groups (F[2, 402]=143.32, p<0.001, r]p2=0.416), whilst adjusting for SER (F[1, 402]=10.48,
p=0.001, n,>=0.025).
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Table 1. Participant demographics per age group including sex and age, followed by median (range) values for DVA
and NVA, SER and AC in RE and LE and NPC.

All 7-8 yrs. 10-11yrs. 15-16 yrs.
n 409 121 130 158
Sex
Male 199 57 56 86
Female 210 64 74 72
Age (years) 10.7 (6.9-16.4) 7.6 (6.9-8.3) 10.5 (10.0-11.9) 15.7 (15.0-16.4)
DVA (logMAR)*
RE 0.00 (~0.30-0.70) 0.06 (~0.20-0.50) 0.00 (~0.20-0.70) 0.00 (~0.30-0.70)
LE 0.00 (~0.30-0.90) 0.06 (~0.14-0.50) 0.00 (~0.20-0.60) —0.02 (~0.30-0.90)
NVA (logMAR) -0.02 (-0.30-0.75) 0.00 (~0.30-0.60) 0.00 (~0.30-0.75) —0.08 (—0.24-0.40)
SER (D)*
RE 0.50 (—2.75-8.25) 0.75 (-0.25-6.13) 0.75 (~1.25-8.25) 0.31 (-2.75-6.75)
LE 0.50 (~3.13-8.63) 0.75 (~0.25-5.50) 0.75 (~1.88-8.63) 0.38 (-3.13-6.63)
AC (D)
RES 12 (2.0-20) 13.50 (3.0-20) 13.00 (3.5-20) 12.00 (2.0-20)
LE" 12 (2.75-20) 14.00 (3.0-20) 13.00 (4.0-20) 12.00 (2.75-20)
NPC (cm)™* 5.0 (4.50-46) 5.0 (4.5-46) 5.0 (4.5-26) 5.0 (4.5-28)

Note: DVA = monocular distance visual acuity, logMAR = the logarithm of the Minimum Angle of Resolution, RE =right eye, LE = left eye,
NVA = binocular near visual acuity, SER = spherical equivalent refractive error, D = dioptres, AC =accommodative amplitude (push in
value), NPC = near point of convergence, cm = centimetres. 'Data for both eyes were missing for one participant 15-16-year-old. ¥Data for
both eyes were missing for two participants, both 15-16-year-olds. *Data were missing for four participants, one 10-11-year-old and three
7-8-year-olds. "Data were missing for four participants, one 7-8-year-old, one 10-11-year-old and two 15-16-year-olds. **Data were
missing for one participant 10-11-year-old.

The estimate of SER showed a negative value (f = -0.01, SE = 0.004), which means that slower movement
time was associated with increased hyperopic refractive error (Figure 4). Tukey post hoc test showed
a significant difference in rec-MT between all three age groups (all, P,q4; < 0.001), where fastest rec-MT
were seen in the oldest age group (estimated marginal means [EMM] =0.87 s™', 95% confidence interval
[CI] [0.85-0.89]) compared to middle (EMM = 0.76 s™', 95% CI [0.75-0.78]) and youngest (EMM = 0.67 s~', 95%
ClI [0.65-0.69]) age groups.

According to Leat®° ‘a full or near full correction’ may be prescribed for hyperopia of SER = +1.50D even if
the child has no symptoms. It was therefore of interest to conduct an additive two-way ANOVA to examine
the effects of such a threshold of hyperopia on rec-MT (including age groups). The analysis revealed that
children with SER = +1.50D (n = 50) had significantly slower movement time (lower rec-MT) (3 =-0.04, SE=
0.015) than children with SER < +1.50D (n =357) in all age groups (F[1, 402] =7.99, p = 0.005, r]p2 =0.019).

Steering (penalised path accuracy)

Like aiming, interactions between the predictor variables did not improve the fit of the model (y* [41] = 1.12,
p =0.296). The analysis showed that age group and AC collectively accounted for 22% of the variance in
steering performance (rec-pPA) (R® = 0.22, F[3, 400] = 38.72, p < 0.001). There was a significant difference in
rec-pPA between the three age groups (F[2, 400] = 56.15, p < 0.001, np2 =0.291), whilst adjusting for AC (F[1,
400]=3.87, p=10.050 npz =0.010). The estimate of AC showed a positive value (8 =0.004, SE =0.002), which
means that better steering accuracy is associated with higher AC (Figure 5).

Tukey post hoc test showed a significant difference in rec-pPA between all three age groups (all, P,q; < 0.001),
where highest accuracy of rec-pPA was seen in the oldest age group (EMM = 0.90, 95% CI [0.88-0.93]) compared
to middle (EMM = 0.78, 95% Cl [0.75-0.81]) and youngest (EMM =0.70, 95% Cl [0.67-0.73]) age groups.

According to Hofstetter's (minimum) formula®%: 15 - (0.25 * age), 7-8 (median 7.6), 10-11 (median 10.5)
and 15-16 (median 15.7) year olds in the current study should have a minimum expected AC of 13.10 D,
12.38D and 11.08D, respectively. It was therefore of interest to conduct an additive two-way ANOVA to
examine the effects of such a threshold of AC on rec-pPA (including age groups). The analysis revealed that
there was no difference in steering accuracy between children with above (n=217) or below (n=188, =
—0.01, SE =0.002) expected AC according to their respective age (F[1, 400]=0.41, p=0.521, np2 =0.001).

Discussion

This study investigated whether sensorimotor processing was negatively impacted in 7-16-year-old
children by vision anomalies severe enough to cause noise in sensorimotor feedback loops, but not so
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Figure 4. Scatterplot and linear regressions of all participants (n =406) from the aiming task, reciprocal mean movement
time (MT), as a function of spherical equivalent refractive error (SER) in dioptres (D) for the right eye. A higher reciprocal
mean MT means better (faster) aiming performance. The simplest one-way ANCOVA included SER and was significant at p <
0.001. The figure shows that children with greater hyperopia demonstrated slower aiming performance.

severe as to prevent a child undertaking the task. The results demonstrated the expected developmental
improvements in sensorimotor control that occur over childhood and confirmed that all the children
were able to perform the task.'®'%3’

There was a significant effect of increasing hyperopia on sensorimotor performance in the aiming task
(Figure 4), confirming the study hypothesis. This is consistent with the body of evidence showing an
association between motor development in children and vision anomalies such as hyperopia®'® and
accommodative function.''™"® Several studies®'® have shown that being hyperopic (=+3.00D) during
preschool years has a negative effect on motor development compared to controls, even when control-
ling for amblyopia and strabismus. A non-cycloplegic refraction is likely to underestimate hypermetropia
in children.®® Support is therefore given to Leat®® that prescribing correction for children with hyperopia



8 e T. R. JOHANSEN ET AL.

7-8 yrs.
14 Y
1.2
@
) [ ]
1.0 o [] e .
® e b
8 ¢ o ° ¢ o 8 L]
0.81 o° o ° 2 8 4!
o 8 o o o L = ° |
s ! L4 ! e o
061 | °
ee Y 8 ‘ 8
° °
® .0 © @
° ° e °
0.4 ¢ . ®
[ ]
0.2
10-11 yrs.
1.4 !
< 1.21 e
o 8 2
o o o 8 o
% 1.01 ° 2 ¢ ® ; k e
P ° . ® . € @ o [e]
: | e 'S o Bes }°c-° o
= : g e Q LI ° ®
T : ® ° o 8 8 2 8 °
bo) o) & ® ‘ ® g [ ] (] .
5_0'6- > ° ® ° © °
S ) ° e ¢
o o
= 0.4+ ‘
0.2
15-16 yrs.
14 !
1.2 ® _ i
? ; ; 4 S o
i 6°8 g B8 « 8
1.0 gt 8 o °
[ 1 -
S e 8 ¢ § L
0.8 ) e ® B 8 ” 8 8 &
S LR
0.61 e '
0.4
0.2+ T ! j '
0 5 10 15 20

Amplitude of accommodation (D)

Figure 5. Scatterplot and linear regressions of all participants (n = 404) from the steering task, reciprocal mean penalised
path accuracy (pPA), adjusted for amplitude of accommodation (AC) in dioptres (D) for the right eye. A higher reciprocal
mean pPA means better (more accurate) steering performance. The simplest one-way ANCOVA included AC and was
significant at p < 0.001. The figure shows that children with greater AC demonstrated more accurate steering performance.

>+ 1.50D might be beneficial, irrespective of visual symptoms. It is emphasised that non-cycloplegic
refraction was used in the current study.

As proposed in the introduction (Figure 1), blurred visual feedback may introduce noise in the sensorimotor
processes. It is plausible that uncorrected hyperopes benefit from optical correction, as it improves the quality
of visual feedback fed into the central nervous system, thereby enhancing motor actions. Two studies have
investigated the effects of optical correction on motor function in children with uncorrected hyperopia (and/or
astigmatism) in the absence of amblyopia and/or strabismus, however with different conclusions.

Roch-Levecq et al.® observed improved performance using Beery-Buktenica Developmental Test of
Visual-Motor Integration (VMI) after six weeks of spectacle wear in preschool children with uncorrected
refractive errors. In contrast, Atkinson, et al.2 found no difference on the Movement Assessment Battery
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for Children (M-ABC) scores between hyperopic children who were prescribed spectacles and those who
were not. Several factors may account for these differences. The study by Roch-Levecq et al. focused on
short-term outcome of spectacle wear (intervention) in children 3 to 5years, whereas Atkinson, et al.
investigated the long-term developmental outcomes of children with hyperopia from infancy to 5.5
years.

As noted by Roch-Levecq et al., Atkinson et al. conducted post hoc comparison between children wearing
spectacles and those with uncorrected refractive errors. The tasks used in these studies also differ; the M-ABC
assesses a broader range of motor skills and may be less sensitive to changes compared with the VMI.
Additionally, there were differences in the study populations. Atkinson et al. investigated children from
a general population, while Roch-Levecq et al. focused on preschool children with refractive errors from low-
income families. These differences, along with differences in study design and outcome measures, under-
score the need for more research to better understand how refractive errors impact child development.

Amblyopic children who had undergone conventional treatments, such as receiving optical correction if
required, demonstrated improved motor skills following binocular training intervention (dichoptic binocular
therapy).>® This type of intervention has been shown to increase visual acuity in the amblyopic eye and to
improve stereoacuity by adjusting contrast to balance input between the amblyopic and fellow eye, thereby
reducing suppression.*® Consistent with our hypothesis (Figure 1), higher quality visual feedback (e.g.,
improved visual acuity in the amblyopic eye) enhances binocular summation (i.e., an improved signal-to-
noise-ratio when both eyes work together),*' resulting in improved motor performance as demonstrated in
the study by Webber, et al.*°

A higher amplitude of accommodation was associated with improved steering accuracy (Figure 5),
confirming the study hypothesis. This is consistent with previous studies that have reported enhanced
motor performance across various tasks (e.g., bead-threading) with increased accommodative function (both
amplitude and facility)."'~"® However, the association between amplitude of accommodation and steering
task in the current study showed modest significance, compared to previous studies.

The discrepancy may be attributed to several factors. First, differences in tasks employed could play a role.
Here, motor tasks were conducted using a stylus on a flat surface (2D), whereas previous studies utilised
pegboard,'?'* bead-threading’"'? and subtests of Bruininks-Oseretsky Test of Motor Proficiency,'® which all
targets other aspects of motor function (e.g., reaching, grasping and balance).

Second, there were differences in study populations. The cited studies investigated slightly younger
children, ranging from 5 to 14 years, and included children with typically normal development'' as well as
those with developmental coordination disorder' and reading difficulties.'” Notably, the latter two studies
compared the performance on the motor tasks with controls. The current study sampled a cohort repre-
sentative of a school vision program, encompassing children with a wide range of visual statuses, ranging
from normal to mild, moderate or severe anomalies.

In short, the current study was based on population statistics and used sophisticated measures of
sensorimotor control that allows to pick up subtle differences across the population.'® This was important
in an experimental approach designed to detect performance differences in a task that could be completed
by all participants.

Strengths and limitations

A strength of this study was that an objective and sensitive tool was used to assess sensorimotor control. Hill,
et al.*? have argued that research using questionnaires, such as parental-*> and self-reports** or one-to-one
motor assessments,*” can be affected by inter-rater reliability problems,46 in addition to having coarse
classification of motor development, either normal or abnormal.'”*” Another strength of the study was
the inclusion of a population with an NVA above the threshold (median NVA —0.02 logMAR) of reduced NVA
(exceeding 0.11 to 0.27 logMAR) shown previously to impact performance on the sensorimotor tasks.'*
One limitation of the current study is an inability to establish the direction of causality. The results are
strongly suggestive of a causal link between common vision anomalies and sensorimotor deficits. However,
it cannot rule out a common genetic reason for reduced sensorimotor ability and vision anomaly,? or the
possibility that impaired sensorimotor function underlies the visual anomalies. In relation to the latter, the
development of motor skills plays a crucial role in providing infants with opportunities for exploration, such
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as manual interaction with objects, and later crawling, that are closely linked to the advancement of visual
object processing.”® Limited motor development, therefore, may restrict these experiences, potentially
leading to less optimal visual development. Longitudinal studies are needed to further explore these
relationships and determine causality.

Another limitation relates to an inability to control for multiple factors that affect sensorimotor processing.
For example, sensorimotor function in children is known to be influenced by sex,'®*” but sex was not included
as a part of the analysis of covariance owing to the relatively small number of participants. It is noted, however,
that the effect size of sex is weak'® and the study was designed to detect population differences associated
with vision anomalies above and beyond other factors that influence sensorimotor performance.

Conclusion

Vision anomalies impact sensorimotor processing in children aged 7 to 16. Importantly, the study investi-
gated the impact of anomalies that were not sufficiently severe to prevent children completing the
sensorimotor tasks. The presence of a vision anomaly would, however, be expected to introduce noise
into the feedback loops that underpin sensorimotor learning. It follows that vision anomalies have the
potential to impact the development and refinement of precise sensorimotor control, and it is expected that
this will be manifest across a population.

Moreover, the results provide a plausible explanation for the impact of vision anomaly on the quality of
life, education, mental health, and wellbeing in a child." It is well established that sensorimotor processes
play an important role in childhood development,*” thus the presence of noise generated through vision
anomalies (such as reduced accommodative function) would prevent the refinement of sensorimotor control
and impact negatively on motor skill development.

Longitudinal research is required to confirm the direction of causality and determine whether the correction
of vision anomalies produces long term improvements in sensorimotor processing. It is also necessary to assess
how sensorimotor impairments affect acquiring daily living skills. In the meantime, it is arguable that a child
presenting with even mild motor deficits should have their vision assessed and vice versa. Supporting optimal
childhood visual and sensorimotor development warrants a cautious approach, and the results highlight the
importance of considering optical correction for hyperopes exceeding +1.50 D (non-cycloplegic), especially
when motor deficits are present.
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