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Dorsal stream cortical networks underpin a cluster of visuomotor, visuospatial, and
visual attention functions. Sensitivity to global coherence of motion and static form
is considered a signature of visual cortical processing in the dorsal stream (motion)
relative to the ventral stream (form). Poorer sensitivity to global motion compared
to global static form has been found across a diverse range of neurodevelopmental
disorders, suggesting a “dorsal stream vulnerability.” However, previous studies of
global coherence sensitivity in Developmental Coordination Disorder (DCD) have shown
conflicting findings. We examined two groups totalling 102 children with DCD (age
5–12 years), using the “Ball in the Grass” psychophysical test to compare sensitivity
to global motion and global static form. Motor impairment was measured using
the Movement-ABC (M-ABC). Global coherence sensitivity was compared with a
typically developing control group (N = 69) in the same age range. Children with
DCD showed impaired sensitivity to global motion (p = 0.002), but not global form
(p = 0.695), compared to controls. Within the DCD group, motor impairment showed
a significant linear relationship with global form sensitivity (p < 0.001). There was
also a significant quadratic relationship between motor impairment and global motion
sensitivity (p = 0.046), where poorer global motion sensitivity was only apparent with
greater motor impairment. We suggest that two distinct visually related components,
associated with global form and global motion sensitivity, contribute to DCD differentially
over the range of severity of the disorder. Possible neural circuitry underlying these
relationships is discussed.

Keywords: developmental coordination disorder, motion sensitivity, form sensitivity, dorsal stream, ventral stream

INTRODUCTION

Measures of coherence sensitivity to global visual form and global visual motion have been
proposed as indicators of functioning in the ventral and dorsal cortical streams, respectively
(Atkinson et al., 1997; Gunn et al., 2002; Braddick et al., 2003; Atkinson, 2017a). In typically
developing infants and children these measures have been used to define the developmental
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trajectory of sensitivity to global visual motion and global visual
form (Gunn et al., 2002; Atkinson and Braddick, 2005; Braddick
et al., 2016). The maturation of global visual motion sensitivity
is both delayed and more variable than that found for the
maturation of global visual form sensitivity across a diverse
range of neurodevelopmental disorders (Atkinson, 2017b), such
as Developmental Dyslexia (e.g., Hansen et al., 2001; Conlon
et al., 2009), Autism Spectrum Disorders (e.g., Spencer et al.,
2000; Pellicano et al., 2005; Milne et al., 2006), Williams syndrome
(e.g., Atkinson et al., 1997, 2006; Atkinson, in press), Fragile
X syndrome (e.g., Kogan et al., 2004), and also prematurity
(e.g., Guzzetta et al., 2009; Taylor et al., 2009), and hemiplegia
(e.g., Gunn et al., 2002). These findings of greater deficits in
sensitivity to global motion compared to global static form have
led to the concept of “dorsal stream vulnerability,” a cluster of
deficits in not only global visual motion perception but also
visuomotor actions and visual attention (Braddick et al., 2003;
Atkinson and Braddick, 2011; Atkinson, 2017b). The present
study examined the concept of dorsal stream vulnerability in
children with Developmental Coordination Disorder (DCD).

DCD is a neurodevelopmental disorder characterised by a
primary motor impairment affecting up to 5–6% of children
(Blank et al., 2019). It is marked by clumsiness, lack of
coordination, and poor balance, which negatively and persistently
affect activities of daily living (American Psychiatric Association
(APA), 2013). The aetiology of DCD is currently thought to be
multifactorial as no single cause has been identified; both genetic
and environmental influences have been implicated (Gomez and
Sirigu, 2015). The prevalence of DCD is higher in males than
females, with estimates of two to three males for every female
diagnosed (Lingam et al., 2009; Faebo Larsen et al., 2013). For
a diagnosis of DCD to be made, symptoms must be present
in early childhood and motor impairments must be in excess
of those associated with any intellectual disability (American
Psychiatric Association (APA), 2013). The Movement-ABC (M-
ABC; Henderson and Sugden, 1992; Henderson et al., 2007) is
the most commonly used test battery for the assessment of motor
impairment in DCD (Blank et al., 2019).

Factors that may contribute to DCD symptomatology have
been examined in meta-analyses conducted by Wilson and
McKenzie (1998) and Wilson et al. (2013). Wilson et al.
(2013) reported large mean effect sizes (dw > 1.2) for visual
perceptual tasks and complex visuospatial tasks involving motor
components. Visuomotor coordination is one of the primary
functions of the dorsal stream, alongside visuospatial skills
and the control of attention (Atkinson, 2000, 2017b; Kravitz
et al., 2011). Dorsal stream processing of global visual motion
provides cues necessary for detecting direction of heading and
for accurate locomotion, postural control and gross motor
skills (Burr et al., 1998, 2001; Gepner and Mestre, 2002).
Indeed, two recent studies have shown that global motion
coherence sensitivity is related to visuomotor performance
in children (Braddick et al., 2016; Chakraborty et al., 2017).
Given that visuomotor coordination is one of the primary
functions of the dorsal stream, it might be expected that
children with DCD would share with other neurodevelopmental
disorders poor sensitivity to motion coherence relative to form

coherence. However, previous studies that have specifically
explored global form and global motion sensitivity in DCD,
using a matched groups approach, have given inconclusive results
(Johnston et al., 2017).

O’Brien et al. (2002) reported that whilst global translational
motion sensitivity was slightly better for eight 7–11 year olds with
developmental dyspraxia compared to 50 controls, global form
sensitivity was poorer. Sigmundsson et al. (2003) reported that
13 “clumsy” 10 year olds demonstrated both poorer global form
and global translational motion sensitivity than typical controls.
However, Sigmundsson et al. (2003) did not explicitly test the
interaction between group and coherence sensitivity to form and
motion to examine whether motion sensitivity was significantly
lower than form sensitivity, relative to controls. The relevance of
the results of O’Brien et al. (2002) and Sigmundsson et al. (2003)
to DCD is difficult to assess as participants had not received a
formal diagnosis of DCD and in the Sigmundsson et al. (2003)
study, were allocated to groups by their performance on the
M-ABC alone.

In a comparison of eleven 6–12 year olds with a diagnosis of
DCD and controls, Wilmut and Wann (2008) reported that global
concentric form and rotational motion sensitivity did not differ
between groups. Purcell et al. (2012) compared radial (looming)
motion sensitivity in eleven 6–11 year olds with DCD to controls,
reporting that children with DCD showed a marked impairment
in sensitivity to radial motion speed. This impairment was
particularly evident when the moving object was not fixated
within central vision, but no comparative measurement of form
sensitivity was obtained.

These previous studies examining global form and motion
sensitivity in DCD have involved only small numbers of
participants (N = 8–13) with differing criteria for inclusion and
exclusion as cases of DCD. Furthermore, in many of these studies
different stimuli and tasks were used for comparing global form
and motion sensitivity (Johnston et al., 2017). Sigmundsson
and Haga (2010) recommend all DSM criteria to be checked,
alongside the assessment of motor competency, in order for a
diagnosis of DCD to be made.

The present study aimed to examine whether children with
DCD show dorsal stream vulnerability as indexed by a selective
impairment in global motion coherence sensitivity, compared
to global form coherence sensitivity. A much larger sample
(N > 100) of children with DCD was tested than in earlier
reports, recruited in two studies, one in London, United Kingdom
and one in Brescia, Italy. Children with DCD in both studies
met defined DSM-5 criteria for DCD, which were validated
by their scores on the M-ABC. Global form and motion
sensitivity were assessed with the “Ball in the Grass” test,
which is suitable for children as young as 4 years and for
which extensive normative data exist (Atkinson and Braddick,
2005; Braddick et al., 2016). The size and age range (5–
12 years) of the DCD group made it possible to examine (a)
whether there is any association of global form and motion
coherence sensitivity with individuals’ level of motor deficit as
reflected in M-ABC scores; (b) whether this relationship is age-
dependent; (c) whether the relationship is influenced by overall
cognitive ability.
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MATERIALS AND METHODS

Ethical Approval
Full ethical approval was granted for the London study by the
UCL ethics committee (2807/002) and for the Brescia study by
the ethics committee of Brescia (NP 3513). Before advertising
the research to individuals with DCD in the United Kingdom,
the research was granted additional approval from the Dyspraxia
Foundation Ethics Committee.

Participants
Children With Developmental Coordination Disorder
(Developmental Coordination Disorder Group)
Children with a diagnosis of DCD were recruited in London
(London Group N = 17) and Brescia, Italy (Brescia Group
N = 85). The enrolled children had to meet the following criteria:
English/Italian native speakers, aged 5:0–12:11 years old, good
binocular visual acuity (≥0.8) to easily detect the stimuli, with
performance on the M-ABC lower or equal to the 15th percentile.
All children had either normal vision or no history of visual
problems beyond corrected refractive errors and had no prior
experience in visual psychophysics testing. Participation was
voluntary, and children with DCD and their caregivers were
reimbursed for their travel expenses in the London study. Details
of the groups are presented in Table 1.

It should be noted that a lower performance on the total
impairment score than on individual subsection scores, as seen
here, is a common feature of M-ABC data sets (e.g., Ashkenazi
et al., 2013; Romeo et al., 2018; Ricci et al., 2021) and of
the published norms, presumably reflecting the incomplete
correlation of the tests in each subsection.

In London, children with DCD were recruited through
advertisements placed with the Dyspraxia Foundation. All had
received a diagnosis of DCD, by consultant paediatricians or
occupational therapists and met DSM-5 criteria (American
Psychiatric Association (APA), 2013) for DCD. Age at diagnosis
of DCD ranged from 4 years 10 months to 8 years 9 months.
In Brescia, all the children consecutively referred to the Unit
of Child Neurology and Psychiatry of ASST Spedali Civili of
Brescia between October 2016 and October 2019 for a suspected
diagnosis of DCD were included in the study if they met DSM-
5 criteria for a diagnosis of DCD. Age at diagnosis of DCD
therefore corresponded to age of enrolling in the Brescia group.

Typically Developing Children (Typically Developing
Control Group)
TD children in the Control group were recruited in three
United Kingdom schools. Parents and guardians were invited to
give consent for their children’s participation. Consent was given
for 87 children, but two children were excluded due to teacher
reports of a diagnosis of ADHD. Following assessment, 16 further
children were excluded from the sample for performance below
the 15th percentile on the M-ABC (Henderson and Sugden, 1992)
or the British Picture Vocabulary Scale (BPVS-II; Dunn et al.,
1997). Here we present data from 69 children aged between 5:0
and 12:11 years, to match the age range of the DCD sample. Their TA

B
LE

1
|D

em
og

ra
ph

ic
an

d
cl

in
ic

al
da

ta
of

th
e

sa
m

pl
es

.

G
ro

up
s

N
(M

/F
)

A
g

e
(y

ea
rs

)
M

ea
n

(S
D

)

C
o

g
ni

ti
ve

as
se

ss
m

en
ts

A
d

d
it

io
na

ld
ia

g
no

se
s

an
d

cl
in

ic
al

d
at

a
M

o
ve

m
en

t
A

B
C

S
ta

nd
ar

d
sc

o
re

s
M

ea
n

(S
D

)
S

ca
le

d
sc

o
re

s
M

ea
n

(S
D

)

B
P

V
S

-I
I

C
P

M
W

P
P

S
I

III
-W

IS
C

IV
(V

er
b

al
IQ

)

W
P

P
S

I
III

-W
IS

C
IV

(F
ul

lI
Q

)

A
D

H
D

S
p

ec
ifi

c
le

ar
ni

ng
d

is
o

rd
er

S
p

ee
ch

an
d

la
ng

ua
g

e
d

is
o

rd
er

A
ut

is
m

sp
ec

tr
um

H
yp

er
m

o
b

ili
ty

P
re

m
at

ur
e

(<
34

W
ee

ks
)

M
an

ua
l

d
ex

te
ri

ty
A

im
in

g
an

d
C

at
ch

in
g

B
al

an
ce

To
ta

l
sc

o
re

Lo
nd

o
n

D
C

D
g

ro
up

17
(1

2/
5)

9.
47

(2
.4

9)
10

9.
4

(1
7.

3)
90

.3
(1

9.
7)

1
1

6
1

5
1

4.
24

(1
.2

5)
5.

35
(3

.3
5)

5.
0

(2
.6

9)
3.

35
(0

.8
6)

B
re

sc
ia

D
C

D
g

ro
up

85
(7

3/
12

)
8.

45
(1

.8
9)

10
6.

8
(1

5.
4)

97
.7

(1
3.

7)
2

9
11

0
16

10
5.

15
(1

.8
1)

6.
09

(2
.5

7)
5.

22
(2

.2
6)

4.
25

(1
.6

7)

C
o

nt
ro

l
g

ro
up

69
(3

5/
34

)
9.

12
(1

.8
1)

10
5.

7
(1

0.
71

)
0

0
0

0
0

0
≥

7
≥

7
≥

7
≥

7

Le
ge

nd
:M

,m
al

e;
F,

fe
m

al
e;

sd
,s

ta
nd

ar
d

de
vi

at
io

n;
B

P
V

S
-I

I,
B

rit
is

h
P

ic
tu

re
Vo

ca
bu

la
ry

S
ca

le
;C

P
M

,C
ol

ou
re

d
P

ro
gr

es
si

ve
M

at
ric

es
;W

P
P

S
II

II,
W

ec
hs

le
rP

re
sc

ho
ol

an
d

P
rim

ar
y

S
ca

le
of

In
te

llig
en

ce
—

th
ird

ve
rs

io
n;

W
IS

C
IV

,W
ec

hs
le

r
In

te
llig

en
ce

sc
al

e
fo

r
ch

ild
re

n—
fo

ur
th

ve
rs

io
n;

A
D

H
D

,A
tt

en
tio

n
D

efi
ci

tH
yp

er
ac

tiv
ity

D
is

or
de

r.

Frontiers in Human Neuroscience | www.frontiersin.org 3 November 2021 | Volume 15 | Article 703217

https://www.frontiersin.org/journals/human-neuroscience
https://www.frontiersin.org/
https://www.frontiersin.org/journals/human-neuroscience#articles


fnhum-15-703217 November 23, 2021 Time: 10:40 # 4

Micheletti et al. Form and Motion Sensitivity in DCD

details are included in Table 1. However, it is not meaningful to
analyse individual M-ABC scores for this TD group, since the
M-ABC is scored such that performance on any item above the
25th centile receives the same score, i.e., data on a TD sample
shows a very strong ceiling effect. IQ data (other than receptive
vocabulary score) were also not available for the TD group.

Procedures
Assessments of Motor Competency
The M-ABC was used to measure gross and fine motor
competency. The London group were tested with the first version
of the M-ABC (Henderson and Sugden, 1992) and the Brescia
group with the M-ABC-2 (Henderson et al., 2007; Biancotto
et al., 2013). Both versions comprise three subsections measuring
manual dexterity, aiming and catching, and balance skills. Scores
from the three subsections were weighted as specified in the test
manual to produce a total impairment score. The M-ABC and M-
ABC-2 use different scoring scales, but both are defined in terms
of centiles within the population for the age range concerned. For
the purpose of this study, both scales were converted into centiles
and standard scores to allow analysis of the combined data.

Assessments of Intellectual Ability
The London group of children with DCD were assessed on
Raven’s Coloured Progressive Matrices (Raven et al., 2008)
as a test of fluid IQ, and both children with DCD and TD
controls were assessed on the BPVS-II (Dunn et al., 1997). The
Brescia DCD group were assessed for both verbal and non-
verbal ability using the Wechsler Intelligence scales (WPPSI
III = Wechsler Preschool and Primary Scale of Intelligence or
WISC IV = Wechsler Intelligence Scale for Children; Wechsler,

2008, 2012). Performance on the WPSSI III or WISC IV and the
CPM was used as a measure of full IQ in the present study. Results
on these tests of intellectual abilities are included in Table 1
for information.

Assessment of Global Form and Motion Sensitivity
Versions of the “Ball in the Grass” test developed by Dr.
John Wattam-Bell in London (see Braddick et al., 2016) were
used in both centres to test children’s coherence thresholds
for global form (GF) and global motion (GM). Sensitivity to
global form and motion was determined by the threshold for
detecting global structure as a percentage of coherently organized
elements embedded among random noise elements. The test
used concentric stimulus displays (Atkinson and Braddick, 2005)
which are designed to make the form and motion tasks as
comparable as possible, in terms of cognitive demand. Children
viewed a laptop computer screen and in each presentation were
asked to report whether a circular region—“the ball,” containing
concentrically organized short arcs (for GF) or trajectories of
moving dots (for GM), was hiding in “the grass” (a background of
randomly oriented arcs or randomly directed motion elements)
on the left or right of centre (see Figure 1). For GM testing, the
moving dots had asynchronous limited lifetimes to prevent local
tracking and minimise coherent stimulus flicker.

Dimensions of the displays were slightly different for the
software versions used in the two studies; details are given
in Table 2.

Each child in this study completed one run with form and
one run with motion. On each trial, the structured target region
was presented randomly on the left or right of centre, and

FIGURE 1 | Schematic depiction of examples of the global form (A) and global motion (B) displays. The arrows in B depict the directions of motion inside and
outside the marked circular region—neither the arrows nor the dotted circle were visible in the test.

TABLE 2 | Parameters of the global form (GF) and global motion (GM) stimuli used in the Brescia and London studies.

Test Display size
(deg arc)
viewed at

50 cm

GM number of
dots

GM Dot
diameter (min

arc)

GM Dot speed
(deg/s)

GM Dot
lifetime

(frames, ms)

GF number of
arcs

GF arc size
(min)

Target region
diameter

(deg)

Distance
target centre
from screen
centre (deg)

Brescia 25 × 18 3,000 11 4.1 8, 133 3,000 42 × 8 9.5 6.3

London 32 × 24 3,000 17 4.5 8, 133 2,000 84 × 17 9.5 8.0
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the child was asked to point to the side which contained the
circular pattern, or for older children to press the corresponding
arrow key on the keyboard. Each run began with coherence
fixed at 100% with feedback, and these trials were continued
until the tester was satisfied that the child understood the task.
In the following test phase, the coherence level of the target
region was varied without feedback according to the PSI adaptive
procedure (Kontsevich and Tyler, 1999) giving an estimate of
coherence threshold after the completion of 30 trials. Most
children enjoyed the “Ball in the Grass” game and completed
testing without difficulty.

Normative Global Form and Global Motion Data
The normative data from earlier samples in London (N = 184,
Atkinson and Braddick, 2005) and San Diego (N = 153, Braddick
et al., 2016) were used to derive percentile values and hence
scaled scores for GF and GM sensitivity within each 1-year age
band in the range of the present samples, with 41–65 children
contributing data to each age band. The London sample was
tested with one determination of each threshold whereas the
San Diego data were based on the mean of two determinations
of each threshold for each child. These scaled scores were used
in the analyses below of GF and GM sensitivity in relation to
M-ABC scores.

The test stimuli used in these normative studies were identical
to those used in the Brescia DCD group of the present study.
The TD control group was tested in London with the stimulus
dimensions as for the London DCD group, i.e., those given
in Table 2. Figure 2 plots normative data from the combined
London and San Diego samples, and from the present TD control
group, showing that the functions relating global form and
motion sensitivity to age are aligned for these groups despite
the small stimulus differences. A regression analysis (see section

“Statistical Analysis” below) showed no significant effect of group,
or interaction of group with age for either GM or GF. It was
therefore considered appropriate to use the London TD group as
controls for both the London and Brescia DCD groups, and the
earlier data set as a basis for the scaled scores.

Statistical Analysis
All analyses were performed using R (version 4.0.3; R Core
Team, 2016). Continuous data (GM, GF and M-ABC scores)
were modelled using ordinary least square regression models.
Non-linear trends were modelled using restricted cubic splines
with 3 knots. Estimates are reported with associated 95%
confidence intervals. All tests were two-sided and assumed a
significance level of 5%.

RESULTS

Comparison of Developmental
Coordination Disorder and Typically
Developing Control Groups
Table 1 shows the descriptive statistics of the DCD group
(London Group plus Brescia Group) and the TD control group.
We first compared scaled scores for global motion and global
form coherence sensitivity between the DCD and TD Control
groups in order to examine whether children with DCD showed
evidence of dorsal stream vulnerability. Neither age nor gender
made a significant contribution to these scores for the two groups
together, either on GM (age: p = 0.441; gender: p = 0.805) or on
GF (age: p = 0.976; gender: p = 0.382).

Compared to the control group, the DCD group showed
significantly poorer scaled scores for coherence sensitivity to
global motion (“least squares” means adjusted for age and gender

FIGURE 2 | Global form (left) and global motion (right) thresholds as a function of age for typically developing children tested on the “Ball in the Grass” test in the
London control group reported here (blue) and the combined earlier groups from London and San Diego (orange). The latter combined group is the source of the
norms used to calculate standard scores in the analysis of DCD children. The coloured dotted lines are quadratic fits to the respective data sets and are closely
aligned for the two samples.
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in the model: 8.68 vs. 10.38, delta 1.7, CI95% 0.64; 2.75, p = 0.002),
but not to global form (“least squares” means: 8.78 vs. 8.97,
delta −0.19, CI95% −1.14; 0.77, p = 0.695). Figure 3 shows the
individual data and linear relationships fitted from the model
for each group, and Figure 4 presents box-and-whisker plots
showing the median, quartile and range for each of these data sets.

In the DCD group, full scale IQ (FIQ) was not associated
with global motion coherence sensitivity (p = 0.39) while better
global form coherence sensitivity was associated with a higher
FIQ (p = 0.006). This pattern was also replicated in the results
from the WISC IV (Brescia DCD group only; GM: r = 0.17,
p = 0.23 and GF: r = 0.28, p = 0.02). Overall, global form and
global motion were significantly correlated (r = 0.29, df = 169,
p < 0.001), as previously reported by Braddick et al. (2016).

Relationship of Movement-ABC Scores
to Global Form and Motion in the
Developmental Coordination Disorder
Group
In order to examine the relationship of GM and GF sensitivity to
the level of motor deficit of individuals within the DCD group,
the association of GM and GF scaled scores to the total M-ABC
standard scores was analysed, in a regression model including
FIQ scores and age. The same analysis was carried out with
each of the subsection scores (Manual Dexterity, Aiming and
Catching, and Balance). Figure 5 shows the relationship between
total M-ABC scores and GF and GM scaled scores. Total M-ABC
standard scores showed a significant linear relationship with
global form coherence sensitivity (p < 0.001).

The significant quadratic relationship with global motion
coherence sensitivity (p = 0.046) was more complex. As shown
in Figure 5B, low values of GM scaled scores are unrelated to
M-ABC, but M-ABC increases over the high range of GM scaled
scores. This relationship is not age-dependent (p = 0.329) and is
not influenced by full IQ test scores (p = 0.326).

Examination of scores for each M-ABC subsection showed
that global form coherence sensitivity was significantly linearly
related to Aiming and Catching (p = 0.003) and Balance
(p = 0.001), with the relationship between Manual Dexterity
and global form coherence sensitivity only marginally significant
(p = 0.07). There was no significant linear relationship between
scores for each M-ABC subsection and global motion coherence
sensitivity (Manual Dexterity p = 0.370; Aiming and Catching
p = 0.639; Balance p = 0.987).

DISCUSSION

As discussed in the Introduction, previous studies comparing
children with DCD to TD controls yielded conflicting results. The
present study used a much larger sample of children, uniformly
confirmed as having DCD both by DSM-5 criteria and by results
on a standardized battery (M-ABC) and allowed variation of
global form and motion sensitivity with age to be taken into
account. The contrast between the sensitivity to global form and
motion, from two parts of the “Ball in the Grass” test designed
to be closely similar in their general cognitive demands, provides
some confidence that the difference between children with DCD
and TD controls is not a consequence of any general difference
between the groups.

However, the results within the DCD group indicate that
the relationship between motor skill deficits and global visual
perception is more complex than indicated from the comparison
with TD controls. In children with DCD, with varying levels
of motor skill deficits, motor performance as assessed by the
M-ABC showed a significant linear association with global
form sensitivity even when age and IQ effects were taken
out in the regression model. Global motion sensitivity showed
no such linear relationship. However, the significant quadratic
relationship seen in Figure 5 indicates that over the lower range
of global motion sensitivity, M-ABC scores showed no systematic
relationship with global motion sensitivity, but that at median

FIGURE 3 | Linear regression models for global form (GF) and global motion (GM) scaled scores as a function of age (years), separately for DCD and TD control
groups.
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FIGURE 4 | Box-and-whisker plots showing medians and interquartile range for global form (GF) and global motion (GM) scaled scores separately for DCD and TD
Control groups. In each group, horizontal line = median; box = interquartile range (IQR); vertical whiskers extend to extreme values that are not more than 1.5*IQR
away from the box. The adjusted mean given in the text for each group is indicated by X on each plot.

FIGURE 5 | Relationship between M-ABC scores and scaled scores for global form (A) and global motion (B) coherence sensitivity. Lines represent estimated mean
values while shaded grey bands represent 95% confidence intervals.

levels of global motion sensitivity and above, higher motion
sensitivity was associated with higher levels of motor skill.

Thus, in response to the questions posed in the Introduction,
we find (a) that motor skill performance is related to both
global form and global motion sensitivity, and this relationship
is unrelated to either (b) age or (c) IQ measures. It should be
noted that sensitivity measures for global motion and global
form are significantly correlated with each other. However, the
relationships to motor skill illustrated in Figure 5 come from
a regression model in which both form sensitivity and motion
sensitivity are entered. Therefore, the distinctive patterns of these
relationships to motor skill must reflect the contribution of parts
of the variance that are unique to global form and global motion
sensitivity, respectively. Neither relationship shows a variation
with age, and the results of including IQ in the regression
model indicate that the associations do not simply reflect general
cognitive ability.

A possible interpretation of these results is that two separate
visual components are linked to Developmental Coordination

Disorder. The first of these visual components is associated
with global form sensitivity and acts uniformly on the range
of motor impairment seen in DCD but has little impact over
the higher range of motor performance which differentiates
typically developing controls from children diagnosed with DCD.
It should be noted that global form sensitivity also showed a linear
association with IQ in this population.

A second visual component, associated with global motion
sensitivity, only starts to contribute when it reaches a relatively
high level in this cohort, where it begins to be associated
with higher levels of motor skills. This second component is
the dominant factor associated with the much higher levels of
motor skill performance which differentiate typically developing
controls from children diagnosed with DCD.

Global motion is processed in brain areas within dorsal
stream networks such as the intraparietal sulcus (Sunaert et al.,
1999; Braddick et al., 2001; Helfrich et al., 2013) and has been
taken as a functional signature of the dorsal cortical stream.
The dorsal stream is known to be important for sensory-motor
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transformations (Buneo and Andersen, 2006; Kravitz et al., 2011).
These sensory-motor transformations are essential for the motor
skills tested by the M-ABC: spatial vision is required for fine
manual control tasks such as bead threading and placing pegs
in holes; visual motion processing is key for ball skills (Regan,
1997) and dynamic balance (Sparto et al., 2006). The relationship
of these skills to global motion processing is therefore likely to
reflect a shared basis in the structure and function in the dorsal
cortical stream, and its vulnerability to adverse conditions in
development. However, it is only the higher levels of motion
sensitivity which reflect this shared basis; when global motion
sensitivity is at the lowest levels, other factors appear to dominate
in determining the level of motor skill.

A neural interpretation of the linear relationship of global
form sensitivity with the lower range of motor abilities within
the DCD group is less clear. Low levels of motor skills appear
to be related to form sensitivity, but at the levels which
differentiate typical development from DCD, form sensitivity
shows no association with motor skills. Further research and
analysis may yield more insight into what aspects of children’s
motor coordination are linked to visual dorsal and ventral
stream performance, respectively. It should also be noted that
dorsal and ventral processing are not independent of each other;
the two streams are linked by the vertical occipital fasciculus
(Yeatman et al., 2014) and in other connections. The role of these
connections in the development of skilled motor behaviour in
children is yet to be explored.

Limitations
It was not possible to examine the relationship between motor
performance and global form and motion sensitivity in the
typically developing control group, since the M-ABC is scored to
differentiate between children’s motor skills within the low end of
the performance range and therefore will not represent variations
in motor skills in the typical control group. The presented data
are derived from two samples which differed in their recruitment
method, which may be responsible for the difference in overall
level of impairment apparent in Table 1; it is plausible that the
London children whose families participated in the Dyspraxia
Foundation, and who were overall somewhat older, had more
severe impairment than the younger, suspected cases who formed
the Italian sample. There were also small differences in stimulus
parameters as described above and the version of the M-ABC
battery used. However, (a) the stimulus differences do not appear
to lead to any systematic differences in performance of typically
developing children (Figure 2); (b) the differences between
M-ABC and M-ABC-2 are primarily in the scoring system, which
have been handled here by deriving centiles and hence standard
scores from each version of the battery, allowing a unified data
presentation. Both samples met the same criteria in terms of their
M-ABC performance, and their inclusion in a common analysis
adds generality and strength to our conclusions.

CONCLUSION

The present study of a large, well-characterised group of children
diagnosed with Developmental Coordination Disorder shows

that the presence and level of their deficit in motor skills
have clear associations with global visual coherence sensitivity
to both static form and motion. The deficit in global motion
sensitivity is shared with a range of other neurodevelopmental
disorders and is expected from the known sensory-motor
functions of networks in the dorsal cortical stream. However,
when a marked deficit of global form processing is present,
this dominates the association between visual perceptual and
motor skill impairments. This latter relationship will hopefully be
pursued further in future research at both neural and functional
levels to enable effective interventions.

DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by the Comitato Etico di Brescia, Brescia, Italy (NP
3513) and UCL Ethics Committee, London, United Kingdom
(2807/002). Written informed consent to participate in this study
was provided by the participants’ legal guardian/next of kin.

AUTHOR CONTRIBUTIONS

SM and FC: study design and conception, data collection, data
interpretation, manuscript writing, and critical revision of the
article. JA and OB: design and provision of test material, advice
on study design and interpretation, part drafting, and critical
revision of manuscript. PM and JG: data collection and critical
revision of the article. SC: data analysis and interpretation, critical
revision of the article. EF: study design and conception, data
interpretation, and critical revision of the article. All authors
provided final approval of the version to be published.

FUNDING

FC was supported by a scholarship from the United Kingdom
Economic and Social Research Council, in the Visual
Development Unit, originally equipped by grants awarded by the
Medical Research Council, United Kingdom to JA and OB.

ACKNOWLEDGMENTS

We thank the Dyspraxia Foundation for help in recruiting the
London DCD sample. Dr. John Wattam-Bell (deceased) was a
joint grant holder in support of the London group, and we are
also grateful for his advice on study design and for his work on
development of the test materials.

Frontiers in Human Neuroscience | www.frontiersin.org 8 November 2021 | Volume 15 | Article 703217

https://www.frontiersin.org/journals/human-neuroscience
https://www.frontiersin.org/
https://www.frontiersin.org/journals/human-neuroscience#articles


fnhum-15-703217 November 23, 2021 Time: 10:40 # 9

Micheletti et al. Form and Motion Sensitivity in DCD

REFERENCES
American Psychiatric Association (APA) (2013). Diagnostic and Statistical Manual

of Mental Disorders (DSM-5). Arlington: American Psychiatric Pub.
Ashkenazi, T., Weiss, P. L., Orian, D., and Laufer, Y. (2013). Low-cost virtual reality

intervention program for children with developmental coordination disorder:
a pilot feasibility study. Pediatr. Phys. Ther. 25, 467–473. doi: 10.1097/PEP.
0b013e3182a74398

Atkinson, J. (2000). The Developing Visual Brain (Oxford: Oxford University
Press).

Atkinson, J. (in press). “Williams syndrome,” in The Oxford Research Encyclopaedia
of Psychology (Oxford: Oxford University Press). Available online at: http://
psychology.oxfordre.com

Atkinson, J. (2017a). “Visual development,” in The Oxford Research Encyclopaedia
of Psychology (Oxford: Oxford University Press), Available online at:
http://psychology.oxfordre.com/view/10.1093/acrefore/9780190236557.
001.0001/acrefore-9780190236557-e-65 (accessed March 01, 2021).

Atkinson, J. (2017b). The Davida Teller Award lecture, 2016: visual brain
development: a review of “dorsal stream vulnerability”—motion, mathematics,
amblyopia, actions, and attention. J. Vis. 17:26. doi: 10.1167/17.3.26

Atkinson, J., and Braddick, O. (2005). Dorsal stream vulnerability and autistic
disorders: the importance of comparative studies of form and motion coherence
in typically developing children and children with developmental disorders.
Curr. Psychol. Cogn. 23, 49–58.

Atkinson, J., and Braddick, O. (2011). “Linked brain development for vision,
visual attention and visual cognition in typical development and developmental
disorders,” in Brain Lesion Localization and Developmental Functions: Basal
Ganglia, Connecting Systems, Cerebellum,Mirror Neurons: Remembering Arthur
L. Benton, 4, eds D. Riva and C. Njiokiktjien (Montrouge: John Libbey
Eurotext), 247–270.

Atkinson, J., Braddick, O., Rose, F. E., Searcy, Y. M., Wattam-Bell, J., and
Bellugi, U. (2006). Dorsal-stream motion processing deficits persist into
adulthood in Williams syndrome. Neuropsychologia 44, 828–833. doi: 10.1016/
j.neuropsychologia.2005.08.002

Atkinson, J., King, J., Braddick, O., Nokes, L., Anker, S., and Braddick, F. (1997). A
specific deficit of dorsal stream function in Williams’ syndrome. Neuroreport 8,
1919–1922. doi: 10.1097/00001756-199705260-00025

Biancotto, M., Borean, M., Bravar, L., Pelamatti, G. M., and Zoia, S. (2013).
Movement ABC-2: Movement Assessment Battery for Children-G. Florence:
Giunti OS.

Blank, R., Barnett, A. L., Cairney, J., Green, D., Kirby, A., Polatajko, H., et al.
(2019). International clinical practice recommendations on the definition,
diagnosis, assessment, intervention, and psychosocial aspects of developmental
coordination disorder. Dev. Med. Child Neurol. 61, 242–285. doi: 10.1111/
dmcn.14132

Braddick, O., Atkinson, J., Newman, E., Akshoomoff, N., Kuperman, J. M., and
Bartsch, H. (2016). Global visual motion sensitivity: associations with parietal
area and children’s mathematical cognition. J. Cogn. Neurosci. 28, 1897–1908.
doi: 10.1162/jocn_a_01018

Braddick, O., Atkinson, J., and Wattam-Bell, J. (2003). Normal and anomalous
development of visual motion processing: motion coherence and ‘dorsal-stream
vulnerability. Neuropsychologia 41, 1769–1784. doi: 10.1016/s0028-3932(03)
00178-7

Braddick, O. J., O’Brien, J. M., Wattam-Bell, J., Atkinson, J., Hartley, T., and Turner,
R. (2001). Brain areas sensitive to coherent visual motion. Perception 30, 61–72.
doi: 10.1068/p3048

Buneo, C. A., and Andersen, R. A. (2006). The posterior parietal cortex:
sensorimotor interface for the planning and online control of visually guided
movements. Neuropsychologia 44, 2594–2606. doi: 10.1016/j.neuropsychologia.
2005.10.011

Burr, D. C., Badcock, D. R., and Ross, J. (2001). Cardinal axes for radial and circular
motion, revealed by summation and by masking. Vision Res. 41, 473–481.
doi: 10.1016/s0042-6989(00)00276-5

Burr, D. C., Morrone, M. C., and Vaina, L. M. (1998). Large receptive fields
for optic flow detection in humans. Vision Res. 38, 1731–1743. doi: 10.1016/
s00426989(97)003465

Chakraborty, A., Anstice, N. S., Jacobs, R. J., Paudel, N., LaGasse, L. L., Lester,
B. M., et al. (2017). Global motion perception is related to motor function in

4.5-year-old children born at risk of abnormal development. Vision Res. 135,
16–25. doi: 10.1016/j.visres.2017.04.005

Conlon, E. G., Sanders, M. A., and Wright, C. M. (2009). Relationships between
global motion and global form processing, practice, cognitive and visual
processing in adults with dyslexia or visual discomfort. Neuropsychologia 47,
907–915. doi: 10.1016/j.neuropsychologia.2008.12.037

Dunn, L. M., Dunn, D. M., Whetton, C., and Burley, J. (1997). The British Picture
Vocabulary Scale (2nd Edition). Windsor, CA: NFER-Nelson.

Faebo Larsen, R., Hvas Mortensen, L., Martinussen, T., and Nybo Andersen,
A.-M. (2013). Determinants of developmental coordination disorder in
7-year-old children: a study of children in the Danish National birth
cohort. Dev. Med. Child Neurol. 55, 1016–1022. doi: 10.1111/dmcn.
12223

Gepner, B., and Mestre, D. R. (2002). Brief report: postural reactivity to fast visual
motion differentiates autistic from children with Asperger syndrome. J. Autism
Dev. Disord. 32, 231–238. doi: 10.1023/a:1015410015859

Gomez, A., and Sirigu, A. (2015). Developmental coordination disorder: core
sensori-motor deficits, neurobiology and etiology. Neuropsychologia 79, 272–
287. doi: 10.1016/j.neuropsychologia.2015.09.032

Gunn, A., Cory, E., Atkinson, J., Braddick, O., Wattam-Bell, J., Guzzetta, A.,
et al. (2002). Dorsal and ventral stream sensitivity in normal development
and hemiplegia. Neuroreport 13, 843–847. doi: 10.1097/00001756-200205070-
00021

Guzzetta, A., Tinelli, F., Del Viva, M. M., Bancale, A., Arrighi, R., Pascale,
R. R., et al. (2009). Motion perception in preterm children: role of
prematurity and brain damage. Neuroreport 20, 1339–1343. doi: 10.1097/WNR.
0b013e328330b6f3

Hansen, P. C., Stein, J. F., Orde, S. R., Winter, J. L., and Talcott, J. B. (2001).
Are dyslexics’ visual deficits limited to measures of dorsal stream function?
Neuroreport 12, 1527–1530. doi: 10.1097/00001756-200105250-00045

Helfrich, R. F., Becker, H. G. T., and Haarmeier, T. (2013). Processing of coherent
visual motion in topographically organized visual areas in human cerebral
cortex. Brain Topogr. 26, 247–263. doi: 10.1007/s10548-012-0226-1

Henderson, S. E., and Sugden, D. A. (1992). Movement Assessment Battery for
Children. Kent: The Psychological Corporation.

Henderson, S. E., Sugden, D. A., and Barnett, A. L. (2007). Movement
Assessment Battery for Children-2nd edition (Movement ABC-2). London: The
Psychological Corporation.

Johnston, R., Pitchford, N. J., Roach, N. W., and Ledgeway, T. (2017). New insights
into the role of motion and form vision in neurodevelopmental disorders.
Neurosci. Biobehav. Rev. 83, 32–45. doi: 10.1016/j.neubiorev.2017.09.031

Kogan, C. S., Bertone, A., Cornish, K., Boutet, I., Der Kaloustian, V. M.,
Andermann, E., et al. (2004). Integrative cortical dysfunction and pervasive
motion perception deficit in fragile X syndrome. Neurology 63, 1634–1639.
doi: 10.1212/01.wnl.0000142987.44035.3b

Kontsevich, L. L., and Tyler, C. W. (1999). Bayesian adaptive estimation of
psychometric slope and threshold. Vision Res. 39, 2729–2737. doi: 10.1016/
S0042-6989(98)00285-5

Kravitz, D. J., Saleem, K. S., Baker, C. I., and Mishkin, M. (2011). A new neural
framework for visuospatial processing. Nat. Rev. Neurosci. 12, 217–230. doi:
10.1038/nrn3008

Lingam, R., Hunt, L., Golding, J., Jongmans, M., and Emond, A. (2009). Prevalence
of developmental coordination disorder using the DSM-IV at 7 years of age:
a UK population–based study. Pediatrics 123, e693–e700. doi: 10.1542/peds.
2008-1770

Milne, E., White, S., Campbell, R., Swettenham, J., Hansen, P., and Ramus, F.
(2006). Motion and form coherence detection in autistic spectrum disorder:
relationship to motor control and 2:4 digit ratio. J Autism Dev. Disord. 36,
225–237. doi: 10.1007/s10803-005-0052-3

O’Brien, J., Spencer, J., Atkinson, J., Braddick, O., and Wattam-Bell, J. (2002).
Form and motion coherence processing in dyspraxia: evidence of a global
spatial processing deficit. Neuroreport 13, 1399–1402. doi: 10.1097/00001756-
200208070-00010

Pellicano, E., Gibson, L., Maybery, M., Durkin, K., and Badcock, D. R.
(2005). Abnormal global processing along the dorsal visual pathway
in autism: a possible mechanism for weak visuospatial coherence?
Neuropsychologia 43, 1044–1053. doi: 10.1016/j.neuropsychologia.2004.
10.003

Frontiers in Human Neuroscience | www.frontiersin.org 9 November 2021 | Volume 15 | Article 703217

https://doi.org/10.1097/PEP.0b013e3182a74398
https://doi.org/10.1097/PEP.0b013e3182a74398
http://psychology.oxfordre.com
http://psychology.oxfordre.com
http://psychology.oxfordre.com/view/10.1093/acrefore/9780190236557.001.0001/acrefore-9780190236557-e-65
http://psychology.oxfordre.com/view/10.1093/acrefore/9780190236557.001.0001/acrefore-9780190236557-e-65
https://doi.org/10.1167/17.3.26
https://doi.org/10.1016/j.neuropsychologia.2005.08.002
https://doi.org/10.1016/j.neuropsychologia.2005.08.002
https://doi.org/10.1097/00001756-199705260-00025
https://doi.org/10.1111/dmcn.14132
https://doi.org/10.1111/dmcn.14132
https://doi.org/10.1162/jocn_a_01018
https://doi.org/10.1016/s0028-3932(03)00178-7
https://doi.org/10.1016/s0028-3932(03)00178-7
https://doi.org/10.1068/p3048
https://doi.org/10.1016/j.neuropsychologia.2005.10.011
https://doi.org/10.1016/j.neuropsychologia.2005.10.011
https://doi.org/10.1016/s0042-6989(00)00276-5
https://doi.org/10.1016/s00426989(97)003465
https://doi.org/10.1016/s00426989(97)003465
https://doi.org/10.1016/j.visres.2017.04.005
https://doi.org/10.1016/j.neuropsychologia.2008.12.037
https://doi.org/10.1111/dmcn.12223
https://doi.org/10.1111/dmcn.12223
https://doi.org/10.1023/a:1015410015859
https://doi.org/10.1016/j.neuropsychologia.2015.09.032
https://doi.org/10.1097/00001756-200205070-00021
https://doi.org/10.1097/00001756-200205070-00021
https://doi.org/10.1097/WNR.0b013e328330b6f3
https://doi.org/10.1097/WNR.0b013e328330b6f3
https://doi.org/10.1097/00001756-200105250-00045
https://doi.org/10.1007/s10548-012-0226-1
https://doi.org/10.1016/j.neubiorev.2017.09.031
https://doi.org/10.1212/01.wnl.0000142987.44035.3b
https://doi.org/10.1016/S0042-6989(98)00285-5
https://doi.org/10.1016/S0042-6989(98)00285-5
https://doi.org/10.1038/nrn3008
https://doi.org/10.1038/nrn3008
https://doi.org/10.1542/peds.2008-1770
https://doi.org/10.1542/peds.2008-1770
https://doi.org/10.1007/s10803-005-0052-3
https://doi.org/10.1097/00001756-200208070-00010
https://doi.org/10.1097/00001756-200208070-00010
https://doi.org/10.1016/j.neuropsychologia.2004.10.003
https://doi.org/10.1016/j.neuropsychologia.2004.10.003
https://www.frontiersin.org/journals/human-neuroscience
https://www.frontiersin.org/
https://www.frontiersin.org/journals/human-neuroscience#articles


fnhum-15-703217 November 23, 2021 Time: 10:40 # 10

Micheletti et al. Form and Motion Sensitivity in DCD

Purcell, C., Wann, J. P., Wilmut, K., and Poulter, D. (2012). Reduced looming
sensitivity in primary school children with developmental co-ordination
disorder. Dev. Sci. 15, 299–306. doi: 10.1111/j.1467-7687.2011.01123.x

R Core Team (2016). A Language and Environment for Statistical Computing.
Vienna: R Foundation for Statistical Computing.

Raven, J., Rust, J., and Squire, A. (2008). Manual: Coloured ProgressiveMatrices and
Crichton Vocabulary Scale. London: NCS Pearson Inc.

Regan, D. (1997). Visual factors in hitting and catching. J. Sports Sci. 15, 533–558.
doi: 10.1080/026404197366985

Ricci, M. F., Fung, A., Moddemann, D., Micek, V., Bond, G. Y., Guerra, G. G.,
et al. (2021). Comparison of motor outcomes between preschool children
with univentricular and biventricular critical heart disease not diagnosed with
cerebral palsy or acquired brain injury. Cardiol. Young 9, 1–8.

Romeo, D. M., Velli, C., Lucibello, S., Ferrantini, G., Leo, G., Brogna, C., et al.
(2018). Joint laxity in preschool children born preterm. J. Pediatr. 197, 104–108.
doi: 10.1016/j.jpeds.2018.02.008

Sigmundsson, H., and Haga, M. (2010). Research on children with developmental
coordination disorder—Some challenges! commentary on C. L. Tsai and S. K.
Wu (2008). Percept. Mot. Skills 110, 114–116. doi: 10.2466/PMS.110.1.114-116

Sigmundsson, H., Hansen, P. C., and Talcott, J. B. (2003). Do ‘clumsy’ children have
visual deficits. Behav. Brain Res. 139, 123–129. doi: 10.1016/s0166-4328(02)
00110-9

Sparto, P. J., Redfern, M. S., Jasko, J. G., Casselbrant, M. L., Mandel, E. M., and
Furman, J. M. (2006). The influence of dynamic visual cues for postural control
in children aged 7-12 years. Exp. Brain Res. 168, 505–516. doi: 10.1007/s00221-
005-0109-8

Spencer, J., O’Brien, J., Riggs, K., Braddick, O., Atkinson, J., and Wattam-Bell, J.
(2000). Motion processing in autism: evidence for a dorsal stream deficiency.
Neuroreport 11, 2765–2767. doi: 10.1097/00001756-200008210-00031

Sunaert, S., Van Hecke, P., Marchal, G., and Orban, G. A. (1999). Motion-
responsive regions of the human brain. Exp. Brain Res. 127, 355–370. doi:
10.1007/s002210050804

Taylor, N. M., Jakobson, L. S., Maurer, D., and Lewis, T. L. (2009). Differential
vulnerability of global motion, global form, and biological motion processing
in full-term and preterm children. Neuropsychologia 47, 2766–2778.

Wechsler, D. (2012). WISC-IV Wechsler Intelligence Scale for Children
Quarta Edizione. Manuale di somministrazione e scoring. Firenze: Giunti
Psychometrics.

Wechsler, D. (2008). WPPSI-III. Wechsler Preschool and Primary Scale of
Intelligence-Italian Adaptation. Firenze: Giunti Psychometrics.

Wilmut, K., and Wann, J. (2008). The use of predictive information is
impaired in the actions of children and young adults with developmental
coordination disorder. Exp. Brain Res. 191, 403–418. doi: 10.1007/s00221-008-
1532-4

Wilson, P. H., and McKenzie, B. E. (1998). Information processing deficits
associated with developmental coordination disorder: a meta-analysis of
research findings. J. Child Psychol. Psychiatry 39, 829–840. doi: 10.1111/1469-
7610.00384

Wilson, P. H., Ruddock, S., Smits-Engelsman, B., Polatajko, H., and
Blank, R. (2013). Understanding performance deficits in developmental
coordination disorder: a meta-analysis of recent research. Dev.
Med. Child Neurol. 55, 217–228. doi: 10.1111/j.1469-8749.2012.
04436.x

Yeatman, J. D., Weiner, K. S., Pestilli, F., Rokem, A., Mezer, A.,
and Wandell, B. A. (2014). The vertical occipital fasciculus: a
century of controversy resolved by in vivo measurements. Proc.
Natl. Acad. Sci. U.S.A. 111, E5214–E5223. doi: 10.1073/pnas.141850
3111

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2021 Micheletti, Corbett, Atkinson, Braddick, Mattei, Galli, Calza and
Fazzi. This is an open-access article distributed under the terms of the Creative
Commons Attribution License (CC BY). The use, distribution or reproduction in
other forums is permitted, provided the original author(s) and the copyright owner(s)
are credited and that the original publication in this journal is cited, in accordance
with accepted academic practice. No use, distribution or reproduction is permitted
which does not comply with these terms.

Frontiers in Human Neuroscience | www.frontiersin.org 10 November 2021 | Volume 15 | Article 703217

https://doi.org/10.1111/j.1467-7687.2011.01123.x
https://doi.org/10.1080/026404197366985
https://doi.org/10.1016/j.jpeds.2018.02.008
https://doi.org/10.2466/PMS.110.1.114-116
https://doi.org/10.1016/s0166-4328(02)00110-9
https://doi.org/10.1016/s0166-4328(02)00110-9
https://doi.org/10.1007/s00221-005-0109-8
https://doi.org/10.1007/s00221-005-0109-8
https://doi.org/10.1097/00001756-200008210-00031
https://doi.org/10.1007/s002210050804
https://doi.org/10.1007/s002210050804
https://doi.org/10.1007/s00221-008-1532-4
https://doi.org/10.1007/s00221-008-1532-4
https://doi.org/10.1111/1469-7610.00384
https://doi.org/10.1111/1469-7610.00384
https://doi.org/10.1111/j.1469-8749.2012.04436.x
https://doi.org/10.1111/j.1469-8749.2012.04436.x
https://doi.org/10.1073/pnas.1418503111
https://doi.org/10.1073/pnas.1418503111
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/human-neuroscience
https://www.frontiersin.org/
https://www.frontiersin.org/journals/human-neuroscience#articles

	Dorsal and Ventral Stream Function in Children With Developmental Coordination Disorder
	Introduction
	Materials and Methods
	Ethical Approval
	Participants
	Children With Developmental Coordination Disorder (Developmental Coordination Disorder Group)
	Typically Developing Children (Typically Developing Control Group)

	Procedures
	Assessments of Motor Competency
	Assessments of Intellectual Ability
	Assessment of Global Form and Motion Sensitivity
	Normative Global Form and Global Motion Data
	Statistical Analysis


	Results
	Comparison of Developmental Coordination Disorder and Typically Developing Control Groups
	Relationship of Movement-ABC Scores to Global Form and Motion in the Developmental Coordination Disorder Group

	Discussion
	Limitations

	Conclusion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	References


