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ABSTRACT 

Introduction: Developmental Coordination Disorder 
(DCD) affects from about 6% to even 8% of children. 
In Poland, this disorder is still very rarely diagnosed 
despite the existing motor problems in children. This 
may be due to a lack of awareness and knowledge 
about DCD. Education in this direction is recom-
mended. Diagnostic criteria The DSM-V include: the 
achievement of motor skills manifested by clumsi-
ness is inadequate to age, the influence of motor 
difficulties on the activities of daily living, the onset 
of symptoms in the early period, and the lack of ex-
planation of the motor deficits present by disability.
Aim: The study aimed to screen children for early 
symptoms of motor disorders characteristic of De-
velopmental Coordination Disorder. It was assessed 
whether there are correlations between the results of 
the ABC-2 and BOT-2 motor tests and the results of 
the mini-golf set created for the study.
Material and methods: 200 primary school children 
were tested using the Movement Assessment Bat-
tery for Children Second Edition (ABC-2), Bruininks-
Oseretsky Test of Motor Proficiency Second Edition 
(BOT-2) motor tests and a mini-golf set designed for 

the study. The obtained results were subject to sta-
tistical analysis.
Results: The ABC-2 test showed that 87.5% of chil-
dren had no motor difficulties. On the other hand, 
the remaining 12.5% have motor difficulties. In the 
results of the BOT 2-58%, there are no difficulties 
or they are insignificant, and significant difficulties 
are presented in 42%. The greater the overall BOT 
2 score, the greater the average impact force. Addi-
tionally, it has been noticed that the larger the Aiming 
and Catching is, the lower the Average Impact Force. 
And the greater the Fine Manual Control, the lower 
the Average Ball Speed and Average Stroke Force.
Conclusions: The difficulties examined in parametric 
tests are confirmed by the difficulties of the subjects 
with mini-golf. Thanks to the game of minigolf on 
a specially prepared field, you can explore; the num-
ber of strokes to place the ball in the hole, average 
ball speed, average impact force, the force of hitting 
the ball with the dominant and non-dominant upper 
limb. The assessed parameters can be used for the 
motor screening assessment of children.
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INTRODUCTION

Currently, more and more children in 
school or kindergarten class teams present 
non-specific symptoms of movement disor-
ders that do not fit into the classical diagnos-

tic criteria of the most common developmen-
tal disorders affecting the paediatric group 
of patients. Hence, in most cases, these are 
children who have never been properly diag-
nosed and are described as naughty, hyperac-
tive and chaotic.
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Developmental Coordination Disorder 
(DCD) has been classified as a neurodevelop-
mental disorder in the Diagnostic and Statis-
tics Manual of Mental Disorders V (DSM-V) 
[1, 2]. According to the medical classification 
DSM-V, developmental coordination disor-
der is a significant impairment of the develop-
ment of motor coordination and motor skills, 
which significantly affects the achievement of 
school and daily duties/tasks/activities. Also 
in the ICD 10 classification, there is the same 
unit called Specific Developmental Disorder 
of Motor Function with the symbol F82 — de-
scribing symptoms as in DCD. There is a char-
acteristic impairment in the development of 
motor coordination, unrelated to congenital or 
acquired neurological disorders or intellectual 
disability [3–5]. In both cases, the importance 
of the physiotherapist in this group of patients 
is emphasized [1]. 

It is very common to see limitations/dis-
turbances in motor coordination in these chil-
dren, which in turn may lead to a wide range 
of developmental abnormalities. Among them, 
the most important are problems with speech 
and communication, perception (most of them 
present disorders in the field of sensory inte-
gration), abstract or logical thinking [6]. The 
postural control of these children is poor, 
there are difficulties with balance, problems 
in the area of fine and gross motor skills [2]. 
The discussed disorders, subtly beginning and 
generally referred to as motor clumsiness, such 
as a “snowball”, induce serious problems with 
achieving individual stages of education [7] 
(due to problems with memory, concentration, 
among others), with social contacts, establish-
ing relationships, starting a family, or mental 
health [8]. The subject of aggressive side ef-
fects is not without significance here, which is 
nowadays almost a common phenomenon in 
Polish schools.

In clinical practice and scientific litera-
ture, the discussed group of children is defined 
as children: dyspraxic, with Clumsy Child Syn-
drome, Developmental Coordination Disorder 
(DCD), Minimal Brain Dysfunction, with dif-
ficulties in learning motor skills (Motor Learn-
ing Difficulty), perceptual-motor dysfunction 
(Perceptuo-motor Dysfunction) and others. 

Currently, a lot of scientific research is 
carried out in the world, looking for the causes 
of these atypical symptoms, which, if not diag-
nosed and without appropriate therapy, can 
lead to significant problems in the everyday 
life of an adult and affect the quality of his life. 

The DSM-5 classification gives the fol-
lowing diagnostic criteria for DCD:

	— achieving motor skills manifested by clum-
siness is not appropriate to age, lack of pre-
cision/accuracy and slowness in performing 
motor skills;

	— the impact of motor difficulties on every-
day activities, productivity at school, play 
or leisure;

	— early onset of symptoms;
	— lack of explanation of the occurring motor 
deficits with intellectual disability, visual 
impairment or a neurological condition 
that could affect movement (eg cerebral 
palsy) [9].

The Movement Assessment Battery for 
Children Second Edition (ABC-2) motor test 
has been documented for diagnostic use. The 
DSM-V provides diagnostic criteria for DCD 
that are largely in line with the results of chil-
dren tested with ABC-2. Therefore, this test is 
considered important in the clinical diagnosis 
of children with DCD [10]. It is therefore the 
most widely used test for screening for Devel-
opmental Coordination Disorder. This test has 
been described as reliable, it presents a nor-
mative approach to functional skills. It consists 
of eight subtests, three of which assess manual 
skills, two aim and catch, and three determine 
balance [11].

The Bruininks-Oseretsky Test of Motor 
Proficiency Second Edition (BOT-2) is also 
an effective tool for the assessment of motor 
disorders in children [12]. It consists of eight 
decks and examines fifty items by assessing 
a wide range of a child’s abilities. The assess-
ment includes, among others: precision, dex-
terity of the upper limbs, visual-motor control, 
balance, coordination. However, it is less sen-
sitive than ABC-2. Moreover, the test process 
is much longer, which can be quite a challenge 
for children with attention and concentration 
problems [11]. 

It is recommended that children are not 
diagnosed with DCD until the age of 5. The 
exceptions are cases of severe handicap, how-
ever, under certain conditions. Motor tests 
should then be performed twice, 3 months 
apart [11]. 

The difficulties arising from Developmen-
tal Coordination Disorder should be reflected 
in ICF levels, i.e. function and structure, daily 
living activities (ADL), participation, and per-
sonal and environmental factors. The struc-
ture and function include motor efficiency, 
basic motor functions, perceptual functions, 
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executive functions, and they are especially 
important in the diagnostic process. Participa-
tion is defined here as social integration, while 
environmental factors are socio-economic re-
sources and coping. Personal factors, on the 
other hand, reflect individual resources, qual-
ity of life, well-being, satisfaction (11). Daily 
activities are a key element because they are 
important both in the diagnostic process, con-
stitute indications for treatment, and also pro-
vide a solid basis for assessing the effectiveness 
of interventions [11, 13].

An important aspect is to consider the 
consequences of not treating DCD. In many 
cases, the difficulties persist into adolescence, 
while up to 70% of adults still struggle with var-
ious deficits. The adult population often associ-
ated with DCD also has problems that are not 
directly related to motor skills. These include, 
among others: low self-esteem, depression, 
problems with anxiety, and executive func-
tions. Children with DCD are less physically ac-
tive than their peers with a neurotypical profile, 
and they lead a sedentary lifestyle much more 
often [14, 15]. There are reports that there may 
be a link between the prevalence of DCD and 
obesity in the male population [11].

Planning of therapeutic intervention 
should be based on the child’s strengths and 
weaknesses in an environmental context to im-
prove motor function, activity and participation. 
It is also very important to consider the psycho-
social aspects. Therapeutic intervention should 
target deficit areas that constitute the basic 
and specific motor skills of people with DCD 
[11]. It is recommended that the interventions 
be focused on physical activity and functional-
ity [16]Smits-Engelsman, Polatajko, & Wilson, 
2012 and improvement of physical fitness [17]. 
There are reports on the effectiveness of the 
use of target-oriented group intervention [18].

PURPOSE

The study aimed to test children for early 
symptoms of motor dysfunction characteristic of 
developmental coordination disorder (DCD).

The specific objectives were to determine 
whether there are correlations between the re-
sults of mini golf and the results of standard-
ized motor tests (Movement Assessment Bat-
tery for Children Second Edition [ABC-2] and 
Bruininks-Oseretsky Test of Motor Proficien-
cy Second Edition [BOT-2]). Confirmation 
of the difficulties resulting from the game of 
mini-golf in the ABC-2 and BOT-2 motor tests 

would provide the basis for introducing the 
game of mini-golf as a proposal of a screening 
tool for assessing the child’s motor develop-
ment towards DCD. This tool, inexpensively 
and attractively for children, would provide 
information on selected aspects of the child’s 
motor development, using the conditions of 
play at school/kindergarten/clinic. 

It should be emphasized that early detec-
tion of difficulties enables early implementa-
tion of interventions, which in turn translates 
into improved functioning of children and bet-
ter prognosis for the future. 

MATERIAL AND METHODS

STUDY SUBJECTS
The study assessed 200 children aged 8 on 

average, 45% of which were girls and 55% 
boys. All these people attend primary mass 
schools in the Greater Poland Voivodeship. 
Table 1 presents the detailed characteristics of 
the examined group.

PROCEDURE
All parents voluntarily consented to the 

participation of their children in the study. The 
research was approved by the Bioethics Com-
mittee at the Medical University of Poznań 
and was carried out between September and 
November 2021 in primary schools in the 
Greater Poland Voivodeship.

TOOLS
For the study, the following were per-

formed:

Table 1. Characteristics of the examined group

Variables
Study group
N = 200 (%)

Sex of Child

Girl 90 (45.0%)

Boy 110 (55.0%)

Child age

Min 7

Max 10

M 8.76

SD 0.91

Parents filling in the questionnaire

Mother 138 (69.0%)

Father 10 (5.0%)

No data available 52 (26.0%)

Source: own research
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	— physiotherapeutic assessment, with particular 
emphasis on coordination skills and eye-hand 
coordination with the use of MINIGOLF 
— GoDiag.me 1.0. — equipment — objec-
tive and quantitative assessment;

	— physiotherapeutic evaluation using typical 
motor tests — Movement Assessment Bat-
tery for Children Second Edition (ABC-2) 
and Bruininks-Oseretsky Test of Motor 
Proficiency Second Edition (BOT-2);

	— psychological assessment based on J. Ka-
gan’s MFF Test, the revised version of the 
Attention and Concentration Test (d2-
R), the Quick Naming Test (TSN-M and 
TSN-S), and the Visual Memory Test Ben-
ton (BVRT, version C).

To evaluate the motor skills of children 
with the use of mini-golf equipment, it was rea-
sonable to place sensors in the stick (at the top 
to assess the grip strength of the hand, at the 
bottom to assess the acceleration) in the hole 
and the ball. Balls of different gravity (balls 1, 
2 and 3) were used to assess the ability to kin-
aesthetic differentiation of movements. It is 
one of the coordination skills. It was checked 
whether the appropriate force was applied to 
the movement with a heavy, medium and light 
ball to maintain effectiveness - economy of 
movement, i.e. to introduce the ball into the 
hole. Attempts to hit the ball into the hole 
from a certain distance to the starting sound 
signal were proposed. It was aimed at assessing 
hearing-motor coordination and spatial-tem-
poral orientation.

The parameters of the game were anal-
ysed, i.e.:

	— time of trial,
	— number of strokes to place the ball in 
the hole,

	— average ball speed,
	— average impact force,
	— the force of hitting the ball with the domi-
nant and non-dominant upper limb.

Children were also assessed with a stan-
dardized motor test used all over the world 
— Movement Assessment Battery for Chil-
dren Second Edition (ABC-2), whose authors 
are: Sheila E Henderson, David A. Sugden, 
Anna Barnett. The 7–10-year-old test is divid-
ed into three parts — Manual Dexterity, Aim-
ing & Catching, Balance. Manual Dexterity 
consists of the subtests: Placing Pegs, Thread-
ing Lace, Drawing Trial 2. Aiming & Catching 
consists of subtests: Catching with Two Hands, 
Throwing Beanbag onto Mat. Balance is divid-
ed into Balance Static (One-Board Balance) 

and Balance Dynamic (Walking Heel-to-Toe 
Forwards, Hopping on Mats). The duration of 
the test for one child is about 20 minutes. The 
results were coded according to the instruc-
tions and statistically analysed.

The Checklist is also included in ABC-2. It 
is a questionnaire that is completed by parents 
in three sections. Section A — Movement in 
a Static and/or Predictable Environment — is 
divided into Self-Care Skills, Classroom Skills, 
PE/Recreational Skills. Section B - Movement 
in a Dynamic and/or Predictable Environ-
ment — is divided into parts: Self Care/Class-
room Skills, Ball Skills, PE/Recreational 
Skills. Possible answers for selection in the first 
two sections were: 0 = Very Well, 1 = Just 
OK, 2 = Almost, 3 = Not Close, NO = Not 
Observed. Part C was Non-motor Factors that 
Might Affect Movement. The answer options 
are Yes or No.

The Bruininks-Osterestsky Test of Mo-
tor Proficiency Second Edition (BOTTM-2) 
research tool created by Robert H. Bruin-
inks and Brett D. Bruininks was also used. 
The 4–21-year-old test is divided into four 
parts: Fine Manual Control consists of sub-
tests: Fine Manual Precision and Fine Motor 
Integration. Manual Coordination consists 
of the subtests: Manual Dexterity and Up-
per-Limb Coordination. Body Coordination 
consists of subtests: Bilateral Coordination 
and Balance. Strength and Agility consist 
of the subtests: Running Speed and Agility 
and Strength. The four main parts of the test 
are part of the Total Motor Composite. The 
results were coded according to the instruc-
tions and statistically analysed.

For the psychological assessment of the 
study group, several tests were used to make 
a psychometric diagnosis. Each of them is made 
individually. The first one is J. Kagan’s Test of 
Comparing Known Shapes (MFF), translated 
by Anna Matczak. The test consists of 14 tasks 
(including 2 trial tasks) which consist in find-
ing in a group similar pictures identical to the 
presented pattern. The purpose of the test is to 
assess the child’s cognitive style. Each task has 
a higher degree of difficulty than the previous 
one; time is measured at each trial. 

The test used to test attention and con-
centration was d2-R by Rolf Brickenkamp, 
Lothar Schmidt-Atzert and Detlev Liepmann 
(in the Polish adaptation of Iwona Bac and 
Joanna Stańczak). It consists of a worksheet 
divided into 14 lines. Each line contains 47 dif-
ferent characters (combinations of dip letters, 
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followed by dashes). The task of the subject 
was to catch and cross out each letter d with 
two lines. The time limit for each line was 
20 seconds. 

Another of the tests used for psychometric 
evaluation was the Quick Naming Test (TSN), 
developed for children aged 5–7 (TSN-M) and 
for children aged 8–12 (TSN-S). The test re-
quires the child to name the presented stim-
uli as quickly as possible, time is measured in 
each part of the test. The version for younger 
children (TSN-M) consists of 3 parts (objects, 
colours and mixed material), while the version 
for older children consists of 5 parts (objects, 
colours, numbers, letters, mixed material). 
Regardless of the version, each part contains 
48 stimuli. 

The last of the tests used to conduct the 
psychological part of the study was the Ben-
ton Visual Memory Test (BVRT) by Abigail 
Benton Sivan. It is used to assess memory and 
visual perception as well as visual-constructive 
abilities. Version C and method C of the test 
were used. It consists of the child copying 
the patterns from the presented notebook to 
the answer sheet. The test consists of 10 pat-
terns, each containing one or more geometric 
figures. The test is carried out without any 
time limit.

RESULTS

DESCRIPTIVE STATISTICS OF VARIABLES 
The results of the Kolmogor-

ov-Smirnov test carried out in the first place 
indicated the lack of compliance with the 
normal distribution of all examined varia-
bles, therefore non-parametric tests will be 
used to verify the assumptions made: Spear-
man’s rho.

Correlation: Problems related to the 
Checklist (Movement in a Static and/or Pre-
dictable Environment, Problems Movement 
in a Dynamic and/or Predictable Environment 
and Problems Non-motor Factors that Might 
Affect Movement, Movement ABC and BOT 
2 and the measurements of Mini Golf ball 1.

The results of the Spearman’s rho test 
presented in Table 2 indicate that the prob-
lems related to the parameter Movement in 
a Dynamic and/or Predictable Environment 
have a weak negative correlation with Test 
time, Number of all strokes and Average im-
pact force, Problems related to the parameter 
Non-motor Factors that Might Affect Move-
ment weakly positively correlated with the 
average grip strength of the non-dominant 
hand, the Balance parameter weakly positively 
correlated with the Average ball speed, the 

Table 2. Problems related to Movement in a Static and/or Predictable Environment, Problems Movement in a Dynamic and/or 
Predictable Environment and Problems Non-motor Factors that Might Affect Movement, Movement ABC and BOT 2 a measu-
rement of Mini Golf ball 1 — Spearman’s rho correlation test (N = 200)

Mini Golf Measurements — ball 1

Time of trial
Total number  

of strokes 
Average ball 

speed
Average 

impact force
Average grip strength  
of the dominant hand

Average grip strength  
of the non-dominant hand

Problems Movement in a Static 
and/or Predictable Environment 

–0.054 –0.065 –0.010 0.028 0.030 0.045

Problems Movement in a Static 
and/or Predictable Environment 

–0.115* –0.162* –0.005 –0.117* –0.036 0.055

Problems Non-motor Factors that 
Might Affect Movement

0.029 0.036 0.019 0.028 0.043 0.112*

ABC movement in general –0.054 –0.063 0.091 0.064 0.013 0.026

Manual Dexterity 0.041 –0.026 0.051 0.078 –0.058 –0.022

Aiming and Catching –0.059 –0.067 0.084 0.107 –0.010 0.014

Balance –0.105 –0.027 0.123* –0.102 0.070 0.094

Total BOT 2 0.030 –0.051 0.081 0.123** 0.074 0.012

Fine Manual Control –0.088 –0.097 –0.037 0.092 0.116* 0.054

Manual Coordination 0.016 –0.092 0.062 0.177** 0.150* 0.008

Body Coordination 0.072 0.084 0.058 0.005 –0.052 –0.010

Strength and Agility 0.014 0.035 0.130* 0.007 –0.046 –0.037

*p < 0.05, **p < 0.01 
Source: Author’s own compilation
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overall result of the BOT 2 test was weakly 
positively correlated with the average impact 
force, Fine Manual Control slightly positively 
correlated with the Average grip strength of 
the dominant hand, Manual Coordination cor-
related weakly positively with the mean force 
of hitting and the mean power of the grip of 
the dominant hand, while Strength and Agility 
has a weak positive correlation with the mean 
ball speed.

This means that the greater the Prob-
lems related to the Movement in a Dynamic 
and/or Predictable Environment parameter, 
the shorter the trial time, the smaller the num-
ber of all strokes needed to hit and the lower 
the average force of the impact, the greater 
the Problems related to Non-motor Factors 
that are Might Affect Movement, the greater 
is the Average grip strength of the non-dom-
inant hand. The greater the Balance, the 
greater the Average Ball Speed. The greater 
the overall BOT 2 test result, the greater the 
Average Stroke Force, the greater the Fine 
Manual Control, the greater the Average Grip 
Force of the Dominant Hand, the greater the 
Manual Coordination, the greater the Aver-
age Stroke Force and the Average Grip Force 
of the Dominant Hand. and the greater the 
Strength and Agility, the greater the Average 
Ball Velocity.

Correlation: Problems connected to 
Checklist (Movement in a Static and/or Pre-
dictable Environment, Movement in a Dynamic 
and/or Predictable Environment and Non-mo-
tor Factors that Might Affect Movement, 
Movement ABC i BOT 2 and Mini Golf ball 2. 

The results of the Spearman’s rho test 
presented in Table 3 indicate that the Prob-
lems related to Non-motor Factors that Might 
Affect Movement correlate weakly positively 
with the average grip strength of the non-dom-
inant hand, Aiming and Catching slightly neg-
atively correlate with the average grip strength 
of the dominant hand, the overall result of the 
BOT 2 test has a weak positive correlation with 
the mean hitting force, Manual Coordination 
has a weak positive correlation with mean ball 
speed and mean hitting force, while Strength 
and Agility has a weak positive correlation 
with mean ball speed.

This means that the greater the Prob-
lems related to Non-motor Factors that Might 
Affect Movement, the greater the Average 
Grip Strength of the non-dominant hand. The 
greater the Aiming and Catching is, the lower 
the Average Grip Strength of the Dominant 
Hand is. The greater the overall BOT 2 score, 
the greater the Average Hit Force, the greater 
the Manual Coordination, the greater the Av-
erage Ball Speed and Average Hit Force, and 

Table 3. Problems related to Movement in a Static and/or Predictable Environment, Problems Movement in a Dynamic and/or Predictable Environment and Problems 
Non-motor Factors that Might Affect Movement, Movement ABC and BOT 2 a measurement of Mini Golf ball 2 — Spearman’s rho correlation test (N = 200)

Mini Golf Measurements — ball 2

Time of trial
Total number of 

strokes 
Average ball 

speed
Average 

impact force
Average grip strength  
of the dominant hand

Average grip strength  
of the non-dominant hand

Problems Movement in a Static 
and/or Predictable Environment 

–0.065 –0.029 –0.005 –0.038 0.029 0.051

Problems Movement in a Static 
and/or Predictable Environment 

–0.033 –0.007 –0.023 –0.030 –0.099 –0.050

Problems Non-motor Factors 
that Might Affect Movement

–0.071 0.101 –0.024 –0.053 0.071 0.164*

ABC movement in general 0.097 0.081 0.003 0.007 –0.015 –0.059

Manual Dexterity 0.076 0.036 0.058 0.053 –0.017 –0.068

Aiming and Catching 0.036 0.012 –0.021 –0.031 –0.111* –0.099

Balance 0.012 0.060 0.079 –0.006 0.103 0.081

Total BOT 2 0.009 0.023 0.117 0.017* –0.008 –0.054

Fine Manual Control –0.052 0.010 0.010 0.005 0.059 0.062

Manual Coordination 0.081 –0.019 0.118* 0.120* 0.089 –0.059

Body Coordination –0.013 –0.016 0.093 –0.021 –0.094 –0.085

Strength and Agility 0.030 0.075 0.126* –0.054 –0.045 –0.083

*p < 0.05, **p < 0.01
Source: Author’s own compilation
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Table 4. Problems related to Movement in a Static and/or Predictable Environment, Problems Movement in a Dynamic and/or Predictable Environment and Problems 
Non-motor Factors that Might Affect Movement, Movement ABC and BOT 2 a measurement of Mini Golf ball 3 — Spearman’s rho correlation test (N = 200)

Mini Golf Measurements — ball 3

Time of trial
Total number  

of strokes 
Average ball 

speed
Average 

impact force
Average grip strength 
of the dominant hand

Average grip strength  
of the non-dominant hand

Problems Movement in a Static 
and/or Predictable Environment 

0.082 –0.045 –0.061 –0.195** –0.040 –0.001

Problems Movement in a Static 
and/or Predictable Environment 

0.053 –0.049 0.015 –0.157* 0.026 0.023

Problems Non-motor Factors that 
Might Affect Movement

0.063 0.002 –0.115* –0.148* 0.010 0.033

ABC movement in general –0.059 0.007 –0.032 –0.002 –0.038 –0.028

Manual Dexterity –0.028 –0.027 –0.005 0.002 0.039 –0.038

Aiming and Catching –0.064 0.052 –0.079 –0.149* –0.103 –0.031

Balance –0.023 0.010 0.105 0.027 0.009 0.072

Total BOT 2 –0.005 0.017 0.032 –0.065 0.043 0.028

Fine Manual Control 0.003 0.058 –0.145* –0.225** –0.004 0.004

Manual Coordination –0.053 –0.033 0.090 –0.063 0.085 0.005

Body Coordination 0.053 0.041 0.049 0.007 –0.018 –0.033

Strength and Agility 0.056 0.033 0.075 0.010 0.041 0.029

*p < 0.05, **p < 0.01
Source: Author’s own compilation

the greater the Strength and Agility, the great-
er the Average Ball Speed.

Problems related to Movement in a Stat-
ic and/or Predictable Environment, Prob-
lems Movement in a Dynamic and/or Predict-
able Environment and Problems Non-motor 
Factors that Might Affect Movement, 
Movement ABC and BOT 2 a measurement  
of Mini Golf ball 3

The results of the Spearman’s rho test 
presented in the Average Ball Speed and Av-
erage Stroke Force Table 4 indicate that Prob-
lems related to Movement in a Static and/or 
Predictable Environment and Movement in 
a Dynamic and/or Predictable Environment 
have a weak negative correlation with the mean 
impact force, Problems related to Non-motor 
Factors that Might Affect Movement has 
a weak negative correlation with Average ball 
speed and Average impact force, Aiming and 
Catching has a weak negative correlation with 
Average impact force, Fine Manual Control 
has a weak negative correlation with Average 
ball speed and Average impact force.

This means that the greater the Problems 
related to Movement in a Static and/or Pre-
dictable Environment and Movement in a Dy-
namic and/or Predictable Environment, the 
lower the Average impact force, the greater 
the Problems related to Non-motor Factors 
that Might Affect Movement, the lower the 

Average ball speed and the average impact 
force. Additionally, it has been noticed that 
the larger the Aiming and Catching is, the low-
er the Average Impact Force. And the greater 
the Fine Manual Control, the lower the Aver-
age Ball Speed and Average Stroke Force.

Correlation: Between TSN-M, TSN-S, 
BVRT, D2-R and MFF test results and Mini 
Golf ball 1 measurements

The results of the Spearman’s rho test pre-
sented in Table 5 show that Numbers and Let-
ters, and Letters, Numbers, Colours (TSN-S) 
correlate weakly and moderately negatively 
with the Test Time, respectively. errors (BVRT) 
weakly positively correlated with the number of 
all strokes, Accuracy (D2-R) slightly negatively 
correlated with the average impact force, while 
Impulsivity-Reflectivity (MFF) slightly nega-
tively correlated with the Number of all strokes.

This means that the longer the time of re-
storing the names of objects: numbers and let-
ters and letters, numbers, colours by older chil-
dren (8–10 years), the shorter the trial time, 
the greater the number of correct answers 
(BVRT), the smaller the number all strokes 
needed for a hit, the greater the Error Count 
(BVRT), the greater the number of all strokes 
needed to hit, the greater the Accuracy (D2-
R), the lower the Average impact force, and 
the greater the reflectivity (MFF), the lower 
the total number of strokes required to hit.
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Table 6. TSN-M, TSN-S, BVRT, D2-R and MFF versus Mini Golf ball 1 measurement — Spearman’s rho correlation test (N = 200)

Mini Golf Measurements — ball 2

Time of trial
Total number 

of strokes
Average ball 

speed
Average 

impact force
Average grip strength 
of the dominant hand

Average grip strength  
of the non-dominant hand

TSN-M 
(n=73)

Subjects 0.008 –0.030 0.151 0.028 –0.170 –0.145

Colours –0.109 0.094 0.086 0.060 –0.095 0.252

Items and Colours –0.073 –0.017 0.388* 0.410* 0.142 0.067

TSN-S 
(n=127)

Items and Colours 0.096 –0.231 0.008 0.094 –0.173 –0.032

Numbers and Letters –0.226 –0.216 –0.055 0.014 –0.111 –0.176

Letters, numbers, colours –0.211 –0.274 0.009 –0.068 –0.055 –0.235

BVRT Number of Correct 
Answers

–0.097 –0.099 0.057 –0.075 0.079 –0.037

Error Counts 0.087 0.128 –0.094 0.003 –0.095 0.051

D2-R Concentration 0.191 –0.056 –0.066 –0.111 –0.142 –0.168

Pace of work 0.281* 0.013 –0.210* –0.162 –0.133 –0.087

Accuracy 0.056 0.082 –0.188 –0.017 0.033 0.186

MFF Impulsivity-Reflectivity 0.051 –0.141 0.043 –0.099 –0.139 –0.249*

*p < 0. 05, **p < 0.01
Source: Author’s own compilation

Table 5. TSN-M, TSN-S, BVRT, D2-R and MFF versus Mini Golf ball 1 measurement — Spearman’s rho correlation test (N = 200)

Mini Golf Measurements — ball 1

Time of trial
Total number 

of strokes
Average ball 

speed
Average 

impact force
Average grip strength  
of the dominant hand

Average grip strength  
of the non-dominant hand

TSN-M 
(n=73)

Subjects 0.184 –0.057 0.145 0.047 –0.131 –0.272

Colours –0.019 –0.117 0.068 –0.025 0.019 0.073

Items and Colours 0.183 0.006 0.156 0.016 –0.111 –0.036

TSN-S 
(n=127)

Items and Colours –0.073 –0.071 –0.032 0.062 –0.203 –0.139

Numbers and Letters –0.297* –0.050 –0.132 –0.097 0.081 –0.045

Letters, numbers, colours –0.424** –0.152 –0.075 –0.010 –0.031 –0.119

BVRT Number of Correct 
Answers

–0.125 –0.223* –0.077 0.124 –0.004 0.053

Error Counts 0.123 0.239* 0.048 –0.130 –0.001 –0.057

D2-R Concentration –0.078 –0.064 0.015 –0.069 0.002 0.006

Pace of work –0.130 0.027 –0.052 –0.184 0.016 0.084

Accuracy 0.111 0.174 –0.150 –0.252* –0.010 0.023

MFF Impulsivity-Reflectivity –0.137 –0.248* 0.135 0.093 –0.103 –0.040

*p < 0.05, **p < 0.01
Source: Author’s compilation

Correlation: Between TSN-M, TSN-S, 
BVRT, D2-R and MFF test results and Mini 
Golf ball 1 measurements

The results of the Spearman’s rho test 
presented in Table 6 show that Objects and 
Colours (TSN-M) correlate moderately posi-
tively with Average ball speed and Average 
impact force, Work pace (D2-R) correlates 
weakly positively with Test time and weakly 
negatively with Average speed. balls, while Im-
pulsivity-Reflectivity (MFF) has a weak nega-

tive correlation with the mean grip strength of 
the non-dominant hand.

It means that the longer the time of rec-
reating the names of objects: Objects and 
Colours (TSN-M) by younger children (up 
to 7 years old), the shorter the trial time, the 
higher the Work Pace (D2-R), the longer the 
trial time and the lower the Average ball ve-
locity, while the higher the reflexivity (MFF), 
the lower the Average grip strength of the 
non-dominant hand.
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Correlation: Between TSN-M, TSN-S, 
BVRT, D2-R and MFF test results and Mini 
Golf ball 3 measurements

The results of Spearman’s rho test pre-
sented in Table 7 show that Objects (TSN-M) 
correlate moderately negatively with the mean 
grip strength of the non-dominant hand, Ob-
jects and Colours and Numbers and Letters 
(TSN-S) correlate moderately negatively with 
the Mean grip strength of the dominant hand, 
Letters, Numbers, Colours (TSN-S) corre-
late moderately negatively with the mean grip 
strength of the dominant and non-dominant 
hand, Accuracy (D2-R) slightly positively cor-
related with the Test Time, while Impulsivi-
ty-Reflectivity (MFF) slightly negatively cor-
related with the Average grip strength of the 
dominant hand and non-dominant.

This means that the longer the time of rec-
reating the names of objects: Objects (TSN-M) 
by younger children (up to 7 years), the lower 
the average grip strength of the non-dominant 
hand, the longer the time of recreating the 
names of objects: Objects and Colours and 
Numbers and Letters (TSN-S) by older chil-
dren (8–10 years old), the smaller is the Aver-
age grip strength of the dominant hand, and the 
longer the playing time of objects Letters, Num-
bers, Colours, the smaller is the Average grip 
strength of the dominant and non-dominant 
hand, the greater it is Accuracy (D2-R), the lon-
ger the trial time, while the higher the reflexivity 
(MFF), the lower the average grip strength of 
the dominant and non-dominant hand.

DISCUSSION 

DCD is a relatively rarely diagnosed dis-
order in children in Poland. The prevalence 
of DCD varies between 5 and 6%, and there 
are even indications that this number reaches 
even 8% (1,2,19,20). This may be due to the 
low awareness of the nature of this disorder, 
even among healthcare professionals. Just 
over half of all related health professionals 
and 33% of physicians report that they have 
diagnosed DCD. A definite minority, just over 
20% of them, believe that the DSM-V con-
tains sufficient information on this [21]teach-
ers (n = 149. 

Parents often visit podiatrists looking for 
abnormalities in the lower limbs. Most pedolo-
gists in Australia are unfamiliar with DCD 
but have expressed a wish to educate in this 
direction. It is recommended to educate physi-
cians about the diagnosis of DCD [22]and ac-
tivities of daily living. Literature surrounding 
interventions for DCD has focused mostly on 
physical and occupational therapies. However, 
it is known that children with DCD present to 
podiatrists as these children often also have 
abnormalities in lower limb functioning as-
sociated with the condition. This study aimed 
to determine current knowledge of Australian 
podiatrists regarding presentation, assess-
ment, and management of children with devel-
opmental coordination disorder.\nMethods: 
A single-round survey, developed using Sur-
veyMonkey®, was completed by a sample of 

Table 7. TSN-M, TSN-S, BVRT, D2-R and MFF versus Mini Golf ball 3 measurement — Spearman’s rho correlation test (N = 200)

Mini Golf Measurements — ball 3

Time  
of trial

Total number 
of strokes

Average
ball speed

Average 
impact force

Average grip strength  
of the dominant hand

Average grip strength
of the non-dominant hand

TSN–M 
(n=73)

Subjects 0.037 –0.003 0.162 0.055 –0.215 –0.372*

Colours 0.154 –0.051 –0.034 –0.153 –0.270 –0.100

Items and Colours –0.018 –0.155 0.024 0.158 –0.136 –0.181

TSN–S 
(n=127)

Items and Colours –0.036 –0.119 0.057 0.205 –0.373* –0.232

Numbers and Letters –0.229 0.101 0.046 0.191 –0.408** –0.229

Letters. numbers. colours –0.102 –0.115 0.184 0.163 –0.373* –0.312*

BVRT Number of Correct Answers 0.015 0.031 –0.015 –0.010 –0.014 0.034

Error Counts 0.007 –0.005 –0.012 –0.039 –0.011 –0.071

D2–R Concentration –0.027 0.090 0.078 –0.077 –0.010 0.079

Pace of work 0.096 0.163 0.027 –0.097 0.033 0.178

Accuracy 0.245* 0.137 –0.075 –0.001 0.071 0.161

MFF Impulsivity–Reflectivity 0.045 –0.012 –0.025 0.011 –0.209* –0.257*

*p < 0.05, **p < 0.01
Source: Author’s own compilation



Kinga Litwin The use of selected parameters of the mini-golf game for screening the motor assessment of children for Developmental Coordination Disorder 23

Australian podiatrists. Data were collected 
through either online or paper means. Par-
ticipants were asked about their familiarity 
with DCD and depending on their response, 
were directed via skip logic to questions on 
presentation, assessment and management 
strategies of DCD in children. Participants 
were also asked about their willingness and 
preferences for further education on DCD. 
Descriptive statistics were used to describe 
the data.\nResults: There were 365 Austra-
lian podiatrists who completed the survey. 
There were 30% (n = 109. 

Among the medical-related professions, 
occupational therapists are characterized by 
considerable awareness of DCD, but they lack 
current knowledge of the guidelines for assess-
ment and diagnosis [23]. Teachers report their 
role in the ability to detect early motor disor-
ders. A disturbing phenomenon is that 82% of 
teachers claim that children with motor diffi-
culties are perceived as rebellious and lazy [21]
teachers (n = 149. 

It is also worth considering parents who 
struggle with the problem daily and cannot 
find professional help. Frustration and a feel-
ing of helplessness accompany the search for 
the cause. Low awareness among medical spe-
cialists results in the exploration of knowledge 
and specialization in the subject by parents 
of children with DCD. It is recommended to 
educate and disseminate knowledge among 
medical professionals so that they can manage 
families and ensure psychological comfort and 
professional care [24]. 

There is a need to provide evidence-based 
information on interventions in people with 
DCD. It is recommended to create clearly 
targeted pathways, and raise awareness [25]
education and skills. Most literature focuses 
on measurement of impairment and descrip-
tion of intervention approaches for individual 
children; little is known about the principles 
that should guide best practice and service 
delivery for children with DCD as a popula-
tion. The purpose of this study was to iden-
tify these principles.\nMETHODS: A scop-
ing review was used to ‘map’ the information 
available to inform intervention and service 
delivery. Scholarly and grey literature writ-
ten in English was identified in six databases, 
using a combination of keywords (e.g. guide-
lines, management, models and DCD. The 
school curriculum for fundamental move-
ment skills (FMS) has been proven to be ef-
fective. Due to the reduced physical activity 

of people with DCD, it is recommended to 
implement this type of activity due to the ef-
fectiveness in increasing movement and the 
joy associated with participating in physical 
activities [26]. Hippotherapy, on the other 
hand, supports developmental parameters in 
children with DCD and provides additional 
emotional, social, behavioural and gait sup-
port in these children [27]Co Galway, The 
Hunt Museum in Limerick City, Co. Limer-
ick, and Fettercairn Youth Horse Project in 
Tallaght, Co. Dublin. Subjects: Eighty-three 
children (6-14 years. Dynamic balance train-
ing supported by Kinesio taping may also 
contribute to the improvement of gait qual-
ity [28]. Video game-based strategies have 
not been proven to be effective in improving 
motor skills [29–31]social and physical abil-
ity. Recent research has developed interven-
tions that aim to improve motor outcomes 
in a variety of paediatric cohorts using video 
gaming equipment. Therefore, we aimed to 
systematically review the literature on virtual 
reality or video game interventions that aim 
to improve motor outcomes in children with 
DCD.\nMETHODS: Seven databases were 
searched for studies using the following cri-
teria: a. Quiet eye training has been shown to 
affect target focus before casting and catching 
techniques. This training is an important ele-
ment in working with children with DCD on 
eye-hand coordination [32]. Great emphasis 
should also be placed on the mental aspect. 
Emotional disturbances that may accompany 
the disease should be a key element in the 
treatment planning process [8].

The most frequently used diagnostic tool 
for DCD is the ABC-2 motor test [11]. After 
using the DSM-5 diagnostic criteria, DCD was 
detected in 10.94% (60 out of 548 children) 
compared to 12.77% (70 out of 548 children) 
with MABC-2. Therefore, it means that it is 
an effective diagnostic tool (10). The results 
of the above studies confirm the reliability 
of this test. In the research group, 10.5% of 
children were at risk of Developmental Coor-
dination Disorder, 2% had significant motor 
difficulties prompting the detection of DCD 
in them. The Bruininks-Oseretsky Test of 
Motor Proficiency Second Edition (BOT-2), 
used by the researchers, is also used all over 
the world for the process of diagnosing mo-
tor disorders [12], but it is less sensitive than 
ABC-2. It takes much longer to carry out and 
can be a problem in children with inadequate 
attention [11]. 
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From the present observations, the long 
duration is a significant limitation in everyday 
practice and some children had problems with 
concentration during its implementation. This 
could have influenced the children’s results 
and would have falsely lowered them. It turns 
out that the pendulum running test and the 
10 × 5 m sprint tests are reliable in children 
with DCD [12]. Another tool that could poten-
tially detect children with motor problems is 
a protocol for assessing the ability to observe 
actions and imitate gestures. It examines basic 
manual and mimic skills. There are indications 
that the validation of this protocol would pro-
vide an effective tool for the diagnosis of DCD 
[33]. 

Our research also confirms that children 
with lower parameters measuring motor skills 
have difficulties with imitation and eye-hand 
coordination. DCDDaily — a tool for the ob-
jective and standardized clinical assessment of 
the daily activities of children with develop-
mental coordination disorders (DCD) is an-
other proposed proposal. The tool is divided 
into activities at home (e.g. buttering bread), 
school (e.g. writing), break (e.g. construction 
play), dressing (e.g. tying shoelaces) and lei-
sure (e.g. ball games) [13]. 

Students with DCD require more time 
to learn how to write or read. A useful tool 
to measure the attention function (important 
in the learning process), e.g. the ability to se-
lectively direct attention and focus is the d2-R 
test [34]. It also measures parameters related 
to impulsiveness (tendency to make mistakes) 
and inattentiveness [34]. Belgian research-
ers have noticed that people with DCD break 
down their movements into sequences. The 
result is the need for an extended time to 
complete the task [35]more insight in the gaze 
behaviour of this population during walking 
is required and crucial for gaze training inter-
ventions as a possible means to improve daily 
functioning of children and adults with DCD.\
nAIM: This study explored differences and 
similarities in gaze behaviour during walking 
between typically developing young adults and 
those with DCD.\nMETHODS AND PRO-
CEDURES: Ten young adults with DCD (age: 
22.13  ±  0.64. The visual-spatial function can 
be assessed using the BVRT test. It is a test 
that can be used in the diagnosis of DCD, be-
cause children with such disorders show some 
impairment of visual-motor control and visual 
information processing, which may manifest 
itself, for example, as difficulty in walking 

upstairs [36]there is currently a paucity of re-
search supporting these claims. We investigat-
ed the visuomotor control strategies underpin-
ning stair negotiation in children with (N = 18, 
age = 10.50 ± 2.04 years. Disorder in function-
ing at school can also be assessed using the 
MFF J. Kagan test. It defines the cognitive style 
of impulsiveness-reflexivity, which can largely 
reflect difficult functioning at school [37]. Like 
other questionnaires, the TSN test (version for 
older and younger children) can be used in the 
study of cognitive functions related to learning 
to read and write, as well as to assess the auto-
mation of recalling lexical information.

The verification of the mini-golf diagnos-
tic tool, which was developed for this study, 
confirms its use for the motor assessment of 
children. The applied research tool, in a pleas-
ant way for the examined person, provides 
information on selected aspects of the child’s 
motor development, using the conditions of 
play. It is an inexpensive and friendly way to 
catch children who have movement prob-
lems. Finding difficulties early allows early in-
tervention, which in turn can prevent negative 
consequences in the future.

However, the presented research needs 
to be continued to propose a detailed screen-
ing model for DCD.

CONCLUSIONS

1.	 Difficulties discovered in parametric tests 
are confirmed by difficulties detected us-
ing minigolf.

2.	 There is a correlation between the results 
of the mini-golf game and the results in the 
ABC, BOT-2 tests.

3.	 There is a correlation between the psycho-
metric performance of visual-spatial func-
tions and the perception of attention and 
the performance of mini-golf.

4.	 Thanks to the game of mini-golf — GoDi-
ag.me 1.0. — on a specially prepared field, 
you can examine, among others: the num-
ber of strokes to place the ball in the hole, 
the average speed of the ball, the average 
impact force, the force of hitting the ball 
with the dominant and non-dominant up-
per limb, thanks to which it is possible to 
assess the child’s coordination skills.

5.	 The examined parameters can help in the 
motor characterization of the child, and 
thus serve for early motor assessment for 
developmental disorders, including Devel-
opmental Coordination Disorder.
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6.	 Screening for developmental co-ordina-
tion disorders should be included in early 
school-age children. For this purpose, 
you can use the conditions of the game of 
mini-golf.
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