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ABSTRACT ARTICLE HISTORY
Children with Childhood Apraxia of Speech (CAS) often present motor co- Received 16 June 2020
ordination difficulties accompanying their speech and sound delays. Accepted 20 January 2021

Therefore, the aim of this study was to investigate the effect of a paired
q ; KEYWORDS
versus a small group gross motor intervention on selected pre-school Motor-coordination; pre-
children, pre-identified with CAS. Children pre-identified with CAS (N = school children; TGMD—Z;
20) were assessed with the Movement Assessment Battery for Children MABC-2
(MABC-2) and the Test of Gross Motor Development (TGMD-2) during
the baseline-, pre- and post-tests. The participants were randomly
divided into two groups and completed a 12-week gross motor
intervention (two 45-minute sessions per week). There were significant
improvements in the total motor proficiency of the MABC-2 as well as
overall gross motor quotient (GMQ) of the TGMD-2 in both groups
post-intervention. This study highlights the need for further research in
gross motor interventions to improve the quality of movement of
children, pre-identified with CAS.

Introduction

Motor development is defined as the progressive transformation of movement throughout the
human lifespan. This is especially prominent in infants, young children and adolescents, character-
ized by the vast growth and maturation of the nervous system, which is required to perform
gross and fine motor skills (Van Biljon & Longhurst, 2011, p. 441). Early identification of children
with developmental delay, including in the gross motor domain, is critical as early intervention
may enhance function and minimize or prevent further delay (Majnemer, 1998, p. 62).

There is a strong relationship between childhood motor and communication skills. The inter-relat-
edness of motor and speech/language skills are evidenced by delayed communication being a risk
factor for motor difficulties later in life. Half of pre-school children suffering from language delays
develop motor delays and difficulties later in life (Wang, Lekhal, Aarg, & Schjglberg, 2012, p. 77).

Dyspraxia is variously defined as the failure to have ever acquired the ability to perform age-
appropriate complex motor actions (Vaivre-Douret et al., 2011, p. 615), and the inability to plan
and execute motor tasks, usually known as poor motor planning (Pienaar, 2014, p. 116). Apraxia is
inconsistently defined as an acquired disorder that leads to the loss in the ability to accomplish pre-
viously learned skills (Vaivre-Douret et al., 2011, p. 615), and as a movement that has been planned
but not executed (Pienaar, 2014, p. 116). Childhood apraxia of speech (CAS), formerly known as
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developmental apraxia of speech (Murray, McCabe, & Ballard, 2014, p. 486), is not an acquired dis-
order and does not involve loss of skills. Another former name of CAS is developmental verbal dys-
praxia (Pema, 2015, p. 46), is therefore fitting. CAS is characterized by the inability to plan an
appropriate motor command (Murray et al., 2014, p. 486).

The incidence of CAS is 3-5% in children (Tlkel, Bjorelius, Henningsson, McAllister, & Eliasson,
2015, p. 1), and 3 to 4 times more common in boys than girls (Maas, Gildersleeve-Neumann, Jakielski,
& Stoeckel, 2014, p. 197). CAS is often accompanied by impairment in domains other than speech
and language (Teverovsky, Bickel, & Feldman, 2009, p. 100). As with many neurological and behav-
ioural disorders, the precise aetiology for CAS is still unknown (Souza, Paydo Mda, & Costa, 2009,
p. 78), although multiple single genes and specific copy number variants associated with other neu-
rodevelopmental conditions have been identified in some children with CAS suggesting a genetic
aetiology (Morgan & Webster, 2018, p. 1090). Children diagnosed with CAS thus have speech irregu-
larities because of poor brain co-ordination of the function of the pharynx, mandible and tongue
(Pema, 2015, p. 46). A recent study by Tikel et al. stated that parents and teachers often report con-
current overall motor co-ordination difficulties in children with CAS, which result in clumsiness (Tikel
et al.,, 2015, p. 1).

Another example of the correlation between motor and communication dysfunction is develop-
mental co-ordination disorder (DCD), a known co-morbidity of speech or language learning disabil-
ities. Explanations for the co-morbidity of DCD and speech or language learning disabilities include
problems with generalization and praxis, cerebellar deficits, inter-hemispheric deficits and atypical
brain development (Gaines & Missiuna, 2007, p. 326).

The current study and the intervention thereof were based on the Dynamic Systems Theory (DST).
The DST was selected due to the understanding that children with apraxia struggle with motor plan-
ning (Murray et al., 2014, p. 486). In this case, the DST allowed the child to select their own motor plan
to execute a movement by referring to the task, their environment and their individual constraint.
When integrating the current study into the DST, the neuro-developmental delay, in this case the
(CAS), is an individual constraint influencing the child’s movement. As the 3 constraints influence
each other, the other 2 constraints could be manipulated to create an appropriate motor movement.
Therefore, the activities (tasks constraints) in the intervention were broken down to very simple
movement patterns in order to compensate for the individual constraint. The difficulty of the activi-
ties (tasks constraints) gradually progressed.

Gross motor intervention programmes and research thereof for children with speech and
language disorders, more specifically CAS, is lacking. High quality intervention trials are required
to determine which interventions are most effective at improving gross motor function in chil-
dren with developmental delay (Lucas et al., 2016, p. 193). Developmental delay should be
identified in the early developmental phase so that early intervention can take place to mini-
mize delay, correct functional deficits if possible and prevent further deterioration. Early inter-
vention is a critical element in childhood development to improve motor coordination and
active daily functioning so that an enduring healthy lifestyle can be maintained (Utley &
Astill, 2007, p. 80).

Due to the dearth of research exploring motor and communication skills simultaneously and the
appropriate gross motor intervention thereof, the current novel study investigated a specific gross
motor intervention in children diagnosed with CAS.

Problem statement

A paucity of research exists for gross motor skill programmes for children diagnosed with CAS or
related motor coordination disorders such as DCD. This study, therefore aimed to investigate the
comparative effect of a paired- versus a small group gross motor intervention programme on
selected pre-school children, pre-identified with CAS.

Null hypothesis (Ho):
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The outcomes of the gross motor intervention will be the same when the programme is
implemented in paired- or small groups.

Research hypothesis (H,):

The outcomes of the gross motor intervention will not be the same when the programme is
implemented in paired- or small groups. The programme will have a larger effect when it is pre-
sented in paired groups.

Methodology
Study design

The current study followed a quasi-experimental design to evaluate the impact of the intervention
programme on a target population (Grimshaw, Campbell, Eccles, & Steen, 2000, p. 15), and to
strengthen the design, the participants were randomly divided into two groups (paired groups
and a small group) (Rockers, Rottingen, Shemilt, & Baringhuasen, 2015, p. 513). It also followed
the format of empirical research and can be classified as quantitative, because the gross motor capa-
bilities studied could be measured and quantified. A double-blind testing procedure which protects
the study against the Hawthorne effect - the tendency of the participants to act differently if they
think they are being singled out, was selected (Donley, 2012, p. 19). Furthermore, the current
study was also based on a comparative effectiveness research design (CER), which focuses mainly
on medicine as science.

Sample

The participants were 3 to 7-year-old pre-school learners from a selected government hospital
school in the Bellville area in the Western Cape Province, South Africa, which caters for children
pre-identified with CAS by Speech-therapists as well as learners who are patients in the hospital.
A purposive sample (N=20) included boys (n=18) and girls (n=2), implying a male:female ratio
of 9:1. The participants were randomly divided by an external 3rd party into two groups: pairs
and small group. Consequently, there were 5 paired groups (n=10), 5.10 years (IQR 4.95-6.45
years) and one small group (n=10), 6.10 years (IQR 5.40-6.50).

Testing procedures

Primary data were collected using the Movement Assessment Battery for Children - 2nd Edition
(MABC-2) and the Test for Gross Motor Development - 2nd Edition (TGMD-2) at three evaluation
stages (2 weeks each): (1) baseline-; (2) pre-; and (3) post-tests as these tests are widely used in
the literature for evaluation of motor function of children The baseline tests were used as a
control to eliminate the possibility of the effect of natural maturation, as well as other therapies
received during the intervention period. Thereafter, they received a ‘rest period’ of 10 weeks match-
ing the length of the actual intervention. After the school holiday, the pre-test commenced.

The MABC-2 is a standardized test which identifies and describes motor function impairments in
children aged 3- to 16-years and has frequently been used by practitioners to diagnose children with
DCD (Henderson, Sugden, & Barnett, 2007, p. 50). The total motor proficiency is the total summary of
the MABC-2 and consists of: (1) manual dexterity; (2) aiming; and (3) catching and balance and takes
approximately 20-40 minutes to administer. It is a valid and reliable test and the intra-rater and test-
retest reliability scores exceed 0.95 (Henderson et al., 2007, p. 50, 134).

The TGMD-2 is widely used as a research tool to assess children’s gross motor development in the
early development period (3- to 10-years old). The GMQ for the TGMD consists of locomotion and
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object control. The TGMD-2 is a valid and reliable test that assesses children’s gross motor abilities in
the early developmental period (3-to-10 years-old) and takes 15-20 minutes to administer. The
reliability coefficient is high and above 0.80 for the Gross Motor Quotient (GMQ), locomotor and
object control (Ulrich, 2000, p.3, 5, 8, 32, 40).

The researchers (presenting the intervention) and the assessors (collecting the data from the par-
ticipants), were trained postgraduate students in Pediatric Exercise Science (designated as the Kin-
derkinetics honours programme at the local institution) and were randomly assigned by the main
researcher. The same assessors collected the data from the same child during all 3 testing
opportunities.

Intervention programme

A similar 12-week intervention followed the pre-test and was presented for 45 minutes, twice a week
for the pairs and small group. The programme consisted of more or less the same warm-up and cool-
down throughout the intervention to ensure that the participants followed a routine. As the partici-
pants were very young, this also helped with the discipline and organization of the participants. The
warm-up consisted of a lot of aerobic activities to prepare the participants’ bodies for the activities
that were to follow. The cool-down consisted of passive movements to gradually calm the partici-
pants down. Four activities (included progressions) were created with a main focus but also under-
lying focusses. The participants could progress according to the discretion of the main researcher
after receiving feedback from the researchers implementing the intervention programme.

Statistical analysis

Data analysis was performed using Statistica data analysis software system, version 13 (TIBCO Soft-
ware Inc., 2018). Mixed model repeated measures ANOVA was used to test for differences in the
effects of the intervention on the two groups. The participants were entered into the model as a
random effect specifically to model the within subject correlation of repeated measurements over
the different time points. Treatment (program), time (pre- and post-test) and treatment*time inter-
action were entered as fixed effects. The main focus was to investigate treatment*time interaction
effects. Post hoc testing was done using Fisher least Significant Difference (LSD) testing. Normality
was checked by inspecting normal probability plots, and were judged to be acceptable. For summary
statistics means, standard deviations and 95% confidence intervals was reported. Effect sizes were
calculated using Hedges' D. A 5% significance level (p < 0.05) was used as a guideline for significant
results.

Ethical aspects

The Research Ethics Committee of the institution approved the research project (SU-HSD-004463).
Before the study commenced, each child completed an assent form with the help of the teacher
and each parent or legal guardian collected and completed a consent form. The consent form
had the contact details of the main researcher and the parent or legal guardian were encouraged
to contact the main researcher if they had questions. The principal from the selected school, as
well as the Department of Education provided written permission to conduct the study.

Results and discussion
Overall comparison between groups

The proposed manuscript aimed to investigate the effect of a paired- versus a small group gross
motor intervention on selected pre-school children, pre-identified with CAS. The researchers
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accept the Hy which states that the outcome of the gross motor intervention will be the same for
both groups. All the participants participated in the three testing opportunities (baseline, pre-test,
post-test) and all the participants completed the required amount of intervention sessions. Base-
line-testing was used to eliminate the possible effect that natural maturation and other therapies
could have had on the participants during the 12-week intervention (Brenner, 2008, p. 9). There
were no significant differences when comparing baseline and pre-test assessment time points,
which possibly indicates that natural maturation and other therapies did not affect the participants’
gross motor capabilities.

Significant improvements in the overall scores for both the MABC-2 and the TGMD-2 were ident-
ified in both pairs and small group at post-test assessment. Specific differences were observed
between the paired groups and the small group in the balance subtest of the MABC-2 at post-
test (p=0.02) and the locomotor subtest of the TGMD-2 at pre-test (p <0.05) (Table 1). It is postu-
lated that this was due to the participants receiving more individual attention and feedback in the
paired groups compared to the small group, as well as less distractions of a larger group. No differ-
ences between pairs and the small group were observed for total motor proficiency, manual dexter-
ity and aiming/ catching skills. It is proposed that these findings were due to the specific gross motor
intervention being administered similarly to pairs and the small group, with similar benefits. As there
were minimal differences at post-testing between pairs and the small group, it is proposed that this
was due to the similar outline of the intervention and therefore that this specific gross motor inter-
vention is beneficial irrespective of presentation to pairs or a small group.

Movement assessment battery for children 2nd edition (MABC-2)

Total motor proficiency

A statistically significant difference was shown in both the paired groups (p <0.01) and the small
group’s (p<0.01) pre- to post-tests’ results for the total motor proficiency of the MABC-2
(Table 2). The overall significant improvement in both pairs and the small group is probably due
to the intervention methods selected. A South African study by Pienaar and Lennox (2006, p. 73),
with a similar intervention to the current study, found similar results. The intervention focused on
perceptual skills, proprioception and sensory aspects for children diagnosed with DCD. Their partici-
pants were 5-8 years old, which is similar to the current study’s age range. Their intervention ses-
sions were also 45 minutes long and presented twice a week for eight weeks. A significant
improvement in the total motor proficiency of children diagnosed with DCD after an eight-week
intervention was found (Pienaar & Lennox, 2006, p. 73).

Manual dexterity

In the small groups pre- to post-test results, no statistically significant difference (p = 0.09) was found
(g =0.51 [medium effect]) (Table 2). However, there was a statistically significant difference (p < 0.01)
in the paired groups’ pre- to post-test results (Figure 1). The results suggest that a 12-week gross
motor intervention was beneficial to children, pre-identified with CAS, and could improve their

Table 1. Comparison of mean scores (baseline, pre-test and post-test) between the paired and small group using (MABC-2 AND
TGMD-2)

Test component Baseline p-value Pre-test p-value Post-test p-value
MABC-2: Total motor proficiency 0.28 0.35 0.07
MABC-2: Manual dexterity 0.59 0.79 0.09
MABC-2: Aiming and catching 0.14 0.14 0.51
MABC-2: Balance 0.38 0.69 0.02
TGMD-2: GMQ 0.33 0.14 0.48
TGMD-2: Locomotor 0.12 0.05 0.87

TGMD-2: Object control 0.92 0.83 0.25
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Table 2. Differences in mean scores between baseline to pre-test, and pre-test to post-test within the paired and small group
using (MABC-2 AND TGMD-2).

Baseline to Pre-test to
Baseline mean  Pre-test mean  Post-test mean pre-test p- post-test p-  Pre-test to post-

Test component (SD) (SD) (SD) value value test Effect sizes

Pairs

MABC-2: Total 6.40 +3.53 6.40 £ 1.58 10.30 £ 4.03 1.00 <0.01 1.22 (Very large)
motor
proficiency

MABC-2: Manual 5.30+3.68 5.60 +3.03 9.40+4.17 0.74 <0.01 1.00 (Large)
dexterity

MABC-2: Aiming 8.70 +3.27 8.80+2.04 10.70 £3.23 0.92 0.06 0.67 (Medium)
and catching

MABC-2: Balance 8.20+2.15 8.10 + 1.66 10.80 +3.49 0.91 <0.01 0.95 (Large)

TGMD-2: GMQ 86.20+£12.43 86.20 £ 12.90 106.00 £ 13.11 1.00 <0.01 1.46 (Huge)

TGMD-2: 8.20+2.53 8.80 +1.69 10.80 +3.33 0.51 0.03 0.73 (Medium)
Locomotor

TGMD-2: Object 7.20+2.20 6.60 +2.91 11.10 £ 1.85 0.29 <0.01 1.77 (Huge)
control

Small group

MABC-2: Total 5.00+2.16 5.20+£2.04 7.90 £2.96 0.80 <0.01 1.02 (Large)
motor
proficiency

MABC-2: Manual 450+2.76 5.20+2.70 6.80 +3.29 0.44 0.09 0.51 (Medium)
dexterity

MABC-2: Aiming 6.90 +2.38 7.00 +2.45 9.90 + 2.56 0.92 0.01 1.11 (Very large)
and catching

MABC-2: Balance 7.10 £ 1.60 7.60 +3.06 7.80 £3.77 0.57 0.82 0.06 (Negligible)

TGMD-2: GMQ 80.80 + 10.70 78.10+9.17 102.10 £ 13.93 0.43 <0.01 1.95 (Huge)

TGMD-2: 6.30+2.50 6.30 +2.63 10.60 +3.17 1.00 <0.01 1.41 (Very large)
Locomotor

TGMD-2: Object 7.30£1.70 6.40 + 1.51 10.00 +2.21 0.11 <0.01 1.81 (Huge)
control

SD: standard deviation.

manual dexterity, more so when participants worked in pairs. It can be speculated that more
individual attention and feedback could be given to participants when working in pairs versus a
small group. The effect of a 10-week group physical activity programme in children aged 7-8
years, diagnosed with DCD, by Peters and Wright (1999, p. 203) also used the MABC-2 as an assess-
ment tool. These researchers demonstrated a significant improvement in manual dexterity (Peters &
Wright, 1999, p. 203). In a similar study by Pienaar and Lennox (2006, p. 73), but participants were in a
group, significant improvement in manual dexterity was determined (Pienaar & Lennox, 2006, p. 73).

Aiming and catching

In the paired groups’ pre- to post-test results, no statistically significant difference (p = 0.06; g = 0.67
[medium]) was found. However, there was a statistically significant difference (p = 0.01) in the small
group’s pre- to post-test results (Table 2). A 12-week gross motor intervention benefits children pre-
identified with CAS and improves aiming and catching skills, when administered in a small group. It
can be speculated that aiming and catching skills of the small group demonstrated more improve-
ment over pairs due to the competitive nature of a larger group. In a previous study, a significant
improvement in the aiming and catching skills of children aged 7-8 years, diagnosed with DCD,
was found (Peters & Wright, 1999, p. 203). Pienaar et al. investigated a comparable 8-week motor
intervention in children diagnosed with DCD. No improvement in aiming and catching skills in a
group setting was found, contrary to our study’s small group findings (Pienaar & Lennox, 2006, p. 73).

Balance
The small group’s pre- to post-test results indicated no statistically significant difference (p =0.57;
g=0.06 [Negligible]l). However, there was a statistically significant difference (p <0.01) in the
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Figure 1. Summary scores for MABC-2 and TGMD-2. The figure illustrates A. Total motor proficiency scores for the MABC-
2. B. GMQ scores for the TGMD-2.

paired groups pre- to post-test results (Table 2). It is speculated that the greater improvement in
pairs is due to the individual attention and feedback given to participants. Our study is in line
with similar balance findings in children diagnosed with DCD (Peters & Wright, 1999, p. 203;
Cacola, Romero, Ibana, & Chuang, 2016, p. 175; Farhat et al,, 2016, p. 17; Maharaj & Lallie, 2016, p. 5).

Test of gross motor development 2nd edition (TGMD-2)

Gross motor quotient (GMQ)

A statistically significant difference was found in both the paired groups (p <0.01) and the small
group’s (p <0.01) pre- to post-test results. A 12-week gross motor programme on children aged
5-12 years diagnosed with DCD, was investigated with the conclusion of significant improvement
in the overall scores for the TGMD-2 (GMQ) (Burns, Fu, Fang, Hannon, & Brusseau, 2017, p. 1127).
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A study with a similar intervention to ours, found similar improvement in gross motor quotient. The
intervention focused on perceptual skills, proprioception and sensory aspects for children diagnosed
with DCD, aged 5-8 years. Sessions for the intervention were also 45 minutes, twice a week for eight
weeks (Pienaar & Lennox, 2006, p. 73).

Locomotor subtest

A statistically significant difference was found for the locomotor subtest in both the paired groups (p
=0.03) and the small group (p <0.01) pre- to post-test. Yu et al. (2016, p. 142) found significant
improvements in locomotor skills, similar to our study, among children diagnosed with DCD who
participated in a 6-week fundamental movement skills programme (Yu et al., 2016, p. 142).
However, Pienaar and Lennox (2006, p. 73) did not demonstrate an improvement in a comparable
8-week motor intervention in children diagnosed with DCD (Pienaar & Lennox, 2006, p. 73). We
speculate that enhanced improvement in locomotor skills may be enabled by a prolonged, intensive
intervention programme.

Object control subtest
A statistically significant difference was found for object control in both the paired groups (p < 0.01)
and the small group’s (p < 0.01) pre- to post-test results.

The researchers postulate that the kinaesthetic intervention method encouraged the children to
use the perception of their body parts, movement and weight to learn a new skill. Additionally, any
attempt to improve overall proprioception will enhance improved object control. Similar to the
current study, Yu et al. and Pienaar et al. found significant improvement in object control skills in
children diagnosed with DCD (Pienaar & Lennox, 2006, p. 73; Yu et al,, 2016, p. 142).

Recommendations and limitations

A limitation is the small sample size, which is determined by the number of children with CAS in
specified classes. Due to CAS being more diagnosed in boys rather than girls, the sample size (N
=20) consisted of only 2 girls. A larger sample, possibly multi-site, would strengthen the findings.
Additionally, more schools need to be included from different socio-economic environments so
that a larger sample of the population can be represented. Another possible limitation is the
absence of a speech therapist in the study. As CAS is foremost a speech disorder, it is recommended
that future research should be with speech therapy collaboration to assess speech at baseline, pre-
and post-test. This study did not include a control group. It is strongly suggested to use a control
group for both pairs and the small group to strengthen the conclusion that other therapies received,
and natural maturation did not have an effect during the intervention period. In this study 5 different
researchers presented to the same pair over a 12-week period. This can be seen as a limitation and it
is highly recommended that the same researcher present the programme to each of the different
pairs to ensure that the delivery of the intervention is consistent. There is limited research on
deficits in the gross motor skills of children pre-identified with CAS. From the latter, it is evident
that more in depth multidisciplinary research in this field, is needed.

Conclusion

To our knowledge, this novel study was the first research conducted of its kind in children pre-ident-
ified with CAS. The findings that were discussed, could not be accurately compared to the findings of
other studies (conducted in the same method - paired groups versus a small group).

This study demonstrated that the specific gross motor intervention resulted in significant
improvements in the gross motor capabilities of the children pre-identified with CAS, ultimately
increasing their active daily functioning. It is anticipated that these novel findings will guide
further research and intervention programmes.



EARLY CHILD DEVELOPMENT AND CARE ’ 1357

Disclosure statement

No potential conflict of interest was reported by the author(s).

Funding

This work was supported by National Research Foundation [grant number SFH160726182107].

Notes on contributors

Heike Nolte is a registered Kinderkineticist and owner of HN Kinderkinetics. She obtained her BSc Sport Science degree,
Honours degree in Kinderkinetics and MSc degree in Kinderkinetics at Stellenbosch University. Her research interest is in
the gross motor abilities and development of all children.

Regan Solomons, Assoc. Professor is a paediatric neurologist at Tygerberg Hospital and the Department of Paediatrics
and Child Health, Faculty of Medicine and Health Sciences, SU. He obtained his MBChB from UCT in 1998, a Diploma in
Child Health in 2002, an MMed in Paediatrics from Stellenbosch University in 2006 and the Certificate in Paediatric Neu-
rology in 2009. He obtained a joint PhD on the early diagnosis of TBM in children at Vrije University Amsterdam & Stel-
lenbosch University in 2015. He is an executive member of the Paediatric and Neurodevelopmental Association of South
Africa. His research interests include CNS infectious disease, especially childhood tuberculous meningitis, and preven-
table neurological diseases affecting children in resource-poor countries. He has numerous national and international
collaborations and is a member of the International TB meningitis consortium. He has >50 peer-reviewed publications
and an h-index of 13.

Dr Priscilla Springer is a developmental paediatrician in the Department of Paediatrics and Child Health at Tygerberg
Hospital and Stellenbosch University. She heads the clinical neuro-developmental service for Tygerberg Hospital, which
serves as the tertiary referral unit for the Eastern Cape Metro and is involved in both undergraduate and postgraduate
training. Her research has focused on long-term neuro-developmental outcome following childhood tuberculous
meningitis, HIV-related neurodevelopmental problems, early biomarkers of autism spectrum disorder and use of
child development assessment tools in low-resourced healthcare facilities.

Prof Martin Kidd is the Director of the Centre for Statistical Consultation at Stellenbosch University. He has statistical
consultation experience across a wide spectrum of disciplines and is a member of the South African Statistical Associ-
ation. He has co-authored and published a total of 145 peer-reviewed papers on various research topics.

Dr Eileen Africa received her PhD in Sport Science in 2006 from Stellenbosch University. She started her research
journey in the field of gross motor skills development in 2004 and continued in the field of adolescent health. In
2007, she re-directed her focus to early childhood development and gross motor skills and became increasingly inter-
ested in and fascinated with children with gross motor delays. She heads the Kinderkinetics honours programme at
Stellenbosch University and serves on the South African Professional Institute for Kinderkinetics (SAPIK). In addition,
she is a member of the International motor development research consortium.

ORCID

Heike Nolte (2 http://orcid.org/0000-0001-9473-7625
Regan Solomons () http://orcid.org/0000-0002-5607-8443
Priscilla Springer (2 http://orcid.org/0000-0001-8882-5688
Martin Kidd (2 http://orcid.org/0000-0002-4887-7296
Eileen Africa (2} http://orcid.org/0000-0002-6794-0887

References

Brenner, J. (2008). The effect of physiotherapy in a group on the motor function of children with developmental coordi-
nation disorder (Doctoral dissertation, University of the Witwatersrand).

Burns, R.D., Fu, Y., Fang, Y., Hannon, J. C,, & Brusseau, T. A. (2017). Effect of a 12-week physical activity program on gross
motor skills in children. Perceptual and Motor Skills, 124(6), 1121-1133.

Cacola, P., Romero, M., Ibana, M., & Chuang, J. (2016). Effects of two distinct group motor skill interventions in psycho-
logical and motor skills of children with developmental coordination disorder: A pilot study. Disability and Health
Journal, 9(1), 172-178.

Donley, A. M. (2012). Student handbook to sociology: Research methods. New York, NY: Facts on File Inc.


http://orcid.org/0000-0001-9473-7625
http://orcid.org/0000-0002-5607-8443
http://orcid.org/0000-0001-8882-5688
http://orcid.org/0000-0002-4887-7296
http://orcid.org/0000-0002-6794-0887

1358 H. NOLTE ET AL.

Farhat, F., Hsairi, I., Baati, H., Smith-Engelsman, B. M., Masmoudi, K., Mchirgui, R., ... Moalla, W. (2016). The effect of a
motor skills training program in the improvement of practiced and non-practiced tasks performance in children
with developmental coordination disorder (DCD). Human Movement Science, 46, 10-22.

Gaines, R, & Missiuna, C. (2007). Early identification: Are speech/language-impaired toddlers at increased risk for devel-
opmental coordination disorder? Child: Care, Health and Development, 33(3), 325-332.

Grimshaw, J., Campbell, M., Eccles, M., & Steen, N. (2000). Experimental and quasi-experimental designs for evaluating
guideline implementation strategies. Family Practice, 17, 11-18.

Henderson, S. E., Sugden, D. A, & Barnett, A. L. (2007). Movement assessment battery for children. Cambridge: Pearson
Education.

Lucas, B. R, Elliott, E. J.,, Coggan, S., Pinto, R. Z,, Jirikowic, T., McCoy, S. W., & Latimer, J. (2016). Interventions to improve
gross motor performance in children with neurodevelopmental disorders: A meta-analysis. BMC Pediatrics, 16(1), 193.

Maas, E., Gildersleeve-Neumann, C., Jakielski, K. J., & Stoeckel, R. (2014). Motor-based intervention protocols in treatment
of childhood apraxia of speech (CAS). Current Developmental Disorders Reports, 1(3), 197-206.

Maharaj, S. S., & Lallie, R. (2016). Does a physiotherapy programme of gross motor training influence motor function and
activities of daily living in children presenting with developmental coordination disorder? The South African Journal
of Physiotherapy, 72, 1.

Majnemer, A. (1998). Benefits of early intervention for children with developmental disabilities. Seminars in Pediatric
Neurology, 5(1), 62-69.

Morgan, A. T., & Webster, R. (2018). Aetiology of childhood apraxia of speech: A clinical practice update for paediatri-
cians. Journal of Paediatrics and Child Health, 54(10), 1090-1095.

Murray, E., McCabe, P., & Ballard, K. J. (2014). A systematic review of treatment outcomes for children with childhood
apraxia of speech. Ameican Journal of Speech Language Pathology, 23(3), 486-504.

Pema, W. T. (2015). Childhood apraxia of speech (CAS) - Overview and teaching strategies. European Journal of Special
Education Research, 1(1), 46-58.

Peters, J. M., & Wright, A. M. (1999). Development and evaluation of a group physical activity programme for children
with developmental co-ordination disorder: An interdisciplinary approach. Physiotherapy Theory and Practice, 15(4),
203-216.

Pienaar, A. E. (2014). Motor development, growth, motor deficiencies, the assessment and intervention there of: A guide for
post graduate students in Kinderkinetics. Potchefstroom.

Pienaar, A. E., & Lennox, A. (2006). Die effek van ‘n motoriese intervensieprogram gebaseer op ‘'n geintegreerde bena-
dering vir 5-tot 8-jarige plaaswerkerkinders met DCD: Flagh-studie. South African Journal for Research in Sport,
Physical Education and Recreation, 28(1), 69-83.

Rockers, P. C., Rottingen, J., Shemilt, I, & Baringhuasen, T. (2015). Inclusion of quasi-experimental studies in systematic
reviews of health systems research. Health Policy, 119, 511-521.

Souza, T. N., Paydo Mda, C., & Costa, R. C. (2009). Childhood speech apraxia in focus: Theoretical perspectives and
present tendencies. Pro Fono, 21(1), 76-80.

Teverovsky, E. G., Bickel, J. O., & Feldman, H. M. (2009). Functional characteristics of children diagnosed with childhood
apraxia of speech. Disability and Rehabilitation, 31(2), 94-102.

Tukel, S, Bjorelius, H., Henningsson, G., McAllister, A., & Eliasson, A. C. (2015). Motor functions and adaptive behaviour in
children with childhood apraxia of speech. International Journal of Speech-language Pathology, 17(5), 470-480.

Ulrich, D. A. (2000). Test of gross motor development 2: Examiner’s manual (2nd ed.). Austin, TX: PRO-ED.

Utley, A., & Astill, S. L. (2007). Developmental sequences of two-handed catching: How do children with and without
developmental coordination disorder differ? Physiotherapy: Theory and Practice, 23(2), 65-82.

Vaivre-Douret, L., Lalanne, C,, Ingster-Moati, I, Boddaert, N., Cabrol, D., Dufier, J., ... Falissard, B. (2011). Subtypes of
developmental coordination disorder: Research on their nature and etiology. Developmental Neuropsychology, 36
(5), 614-643.

Van Biljon, A., & Longhurst, G. K. (2011). Effects of a kinderkinetics programme on the gross motor abilities in pre-school
children. African Journal for Physical, Health Education, Recreation and Dance, 17(3), 441-449.

Wang, M. V., Lekhal, R, Aarg, L. E., & Schjglberg, S. (2012). Co-occurring development of early childhood communication
and motor skills: Results from a population-based longitudinal study. Child: Care, Health and Development, 40(1),
77-84.

Yu, J,, Sit, C. H., Burnett, A,, Capio, C. M., Ha, A. S., & Huang, W. Y. (2016). Effects of fundamental movement skills training
on children with developmental coordination disorder. Adapted Physical Activity Quarterly, 33(2), 134-155.



	Abstract
	Introduction
	Problem statement
	Methodology
	Study design
	Sample
	Testing procedures
	Intervention programme
	Statistical analysis
	Ethical aspects

	Results and discussion
	Overall comparison between groups
	Movement assessment battery for children 2nd edition (MABC-2)
	Total motor proficiency
	Manual dexterity
	Aiming and catching
	Balance

	Test of gross motor development 2nd edition (TGMD-2)
	Gross motor quotient (GMQ)
	Locomotor subtest
	Object control subtest


	Recommendations and limitations
	Conclusion
	Disclosure statement
	Notes on contributors
	ORCID
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.90
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.90
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.245 841.846]
>> setpagedevice


