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Abstract: This study examined the effectiveness of a 10-wk intervention program based on
occupational therapy principles on visual-motor integration skills and fine motor abilities in
kindergartners and first graders. We recruited 55 students tested three times with the Visual-Motor
Integration Test (VMI) and Movement Assessment Battery for Children-2 (MABC-2): before
the intervention (T1), post-intervention (I2) and one month later (T3). Research findings: Significant
improvements were found on VMI between T1 and T2, particularly for kindergartners. Neither
group of children demonstrated changes on manual dexterity scores. The present study showed
that the intervention program led to different changes in the at-risk of motor impairment group
than in the not at-risk children. Results indicated that games and stimulation activities helped
children below the 16th percentile over time in the manual dexterity domain. A gender effect was
observed, with female children increasing their abilities over time more than male peers. Future
research should concentrate on stimulating fine motor skills in hand manipulation and test how these
abilities influence graphomotor skills and handwriting over time. Finally, more research is needed to
determine the impact of activities and games carried out in educational settings.

Keywords: visual-motor integration; fine motor skills; intervention programs in educational setting

1. Introduction

Handwriting is defined as a survival skill for school-aged children [1]. In early elementary school,
handwriting tasks such as copying and writing to dictation are involved in more than 50% of school
time [2,3]. For this reason, handwriting is still considered to be one of the fundamental skills to be taught
in the first cycle of education. It is also a functional activity not only for the scholastic context but also
for everyday life [4]. Nevertheless, learning to write appears to be a challenge for many children who
face literacy, with previous studies estimating a prevalence of writing problems ranging from 5% to 25%
of the school population [5]. Although this great variability is in all likelihood attributable to the fact
that in the pre-school or early education poor handwriters are still not differentiated from children
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who have neurodevelopment disorders, it is nevertheless evident that educational institutions need
early intervention programs to be able to promote the development of foundational skills contributing
to the implementation of writing abilities during the first years of formal instruction. Handwriting is
experienced as a difficult activity when children get tired and perceive strain or discomfort, even after
a short time of writing. In addition, they may struggle to decipher sloppy written words, get in trouble
grasping writing tools, may not be able to write down words as fast as their peers and show difficulties
in organizing letters and words on the page, producing messy and inaccurate texts. Frustration derived
from these experiences causes refusal to dedicate commitment and energies to writing, demotivates
children from practicing the necessary skills to acquire a fluent and efficient handwriting and pushes
them to develop the belief that they are not skilled writers [6,7], with long-term consequences on future
academic success.

1.1. Handwriting and Academic Success

Handwriting is a functional skill for academic success in many ways. Scientific research has
shown that writing legibly and quickly is important to stay at the pace of school activities; it is required
to take notes, to complete homework and to finish the evaluation tests in time [8]. Students need
handwriting to communicate their knowledge, and the appearance of written works influence their
academic achievements [9]. Poor quality of written texts and scarce neatness determine lower grades
irrespective of the compositional and content quality of papers [6]. Transcription skills (handwriting
and spelling) have been found to contribute significantly to compositional fluency (rate of composing)
for primary and secondary school children, as well as for junior high students [10]. Furthermore, poorly
written letters predict academic performances in reading, phonics, language and math for kindergarten
children and first graders [11,12]. Moreover, far-reaching negative effects related to frustration with
the writing process may result in low motivation to learn, scarce self-efficacy and avoidance of writing
tasks [13].

In attempt to identify children that are at-risk of later school failure for poor handwriting,
researchers have tried to establish screening programs to detect children with insufficient school
readiness who may benefit from early intervention and support [14-16]. Domains included in the school
readiness’” construct are language and literacy development, cognition and general knowledge,
attitudes towards learning, physical well-being and motor development and social and emotional
development [17]. According to previous studies [18-20], factors connected with the early prediction
of good handwriting legibility in first and second graders are fine motor precision, manual dexterity
and visual-motor integration. At different ages, and in relation to different schooling orders, fine motor
abilities and visual-perceptive skills are required to realize good writing outputs. In fact, in order to
realize the letters of the alphabet, respecting their size and spacing, children have to coordinate very
different abilities. The visual component allows children to discriminate forms, recognize their specific
characteristics and identify their orientation, while the motor component, if properly developed, allows
the realization of a wide range of ordered and sequential movements.

Legible characters are formed by unambiguous traits composing decipherable graphemes in
which relative letters” heights are correct in order to avoid potential confusion in the decoding phase
(e.g., “file”/ “fill” or “cure”/ “curl”). Fine motor control, mastering the use of the hand’s small muscles,
as well as motor precision, is required to write legibly and to allow the child to achieve the desired traits.
For these reasons, fine motor skills have been considered a necessary component in the acquisition of
writing, as well as in its expression. Delays in the development of fine motor skills were considered to
be the cause of poor writing in terms of readability and fluency [7,18].

Moreover, studies investigating the relationship between visual-perceptive and writing
performance have shown that visual-motor integration is the second predictor of writing performance,
with high correlations between oculo-manual coordination and readability [21-24] or between
oculo-manual coordination and fluency [3]. Indeed, visual analysis is required to distinguish similar
letters (i.e., b and d or p and q) and homonyms such as fair and fare [22]. Recent works on diverse
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and multiple samples have shown that children scoring higher on design copy tasks gain more on
phonological awareness, mathematic skills and reading [25,26]. Longitudinal studies examining
the relationship between visual-motor skills and academic achievement demonstrate that third grade
literacy [27], math and spelling scores [28] are predicted on the basis of early eye-hand coordination
tasks. These results suggest that academic tasks and school demands require abilities to process
visual clues, perceive spatial relations among objects and integrate visual information with fine finger
movements to assure successful behaviors in the classroom and academic achievements [20,29].

1.2. Intervention Programs Duration and Gender Differences

Previous studies on intervention programs planned to offer motor remediation have been reported
to adopt different approaches including—among others—sensorimotor techniques, perceptual-motor,
motor-learning and cognitive training [30]. Regardless of the type of approach, Hillier found that
“what is trained is what is improved, whether it is sensory based or motor skills based” [31]. Ideally,
more important than the type of intervention adopted seems to be the amount of time devoted to
the intervention. Consistent with the theory of motor learning as put by Zwicker and Harris [32],
a minimum amount and frequency of practice is needed to reach a permanent change in the capability
of movement.

Studies on the effectiveness of handwriting intervention programs found improvements in fine
motor and visual-motor skills in children receiving direct occupational therapy lasting seven or more
months [33-36]. Nevertheless, research has suggested that even short-term interventions targeting fine
motor performances in children of lower elementary school ages can lead to significant changes in
individuals with or without disabilities [37-42]. Furthermore, short-term interventions can be more
easily managed and would offer the possibility to be included also in the educational curriculum to
improve handwriting foundational skills in preschool children. However, to our knowledge, previous
studies have not yet addressed potential interaction effects of gender with intervention programs
and the stability of changes over time, while other aspects of gender differences on writing (i.e., text
quality, processes of planning and text structure) are well-documented [43]. For example, gender
differences attest that 15%-19% fewer boys than girls achieve the expected standards of writing on
leaving UK primary schools aged 11 years [44], consistent with other studies reporting a female
advantage in writing [45,46]. Girls perform better than boys in spelling, writing essays and sentence
composition measured on the Wechsler Individual Achievement Test-Third Edition [47], with a gap
increasing with age during the school years [48]. Moreover, in large sample studies, female children
have been found to outperform males in fine motor skills, an important predictor of writing skills,
still during preschool years [49-51]. On the other hand, research has consistently found a gender
gap in children’s visual-spatial skills, with boys outperforming girls [52-55], and these differences
remain stable throughout adulthood, especially for mental rotation tasks, as attested from different
meta-analyses studies [56,57]. Visual-spatial skills have important implications for future success and
achievement. Previous studies have documented that adolescents with higher visual-spatial skills
are more likely to graduate from and participate in science, technology, engineering and mathematics
fields (STEM). Moreover, visual-spatial skills have been found to predict this participation over and
above mathematics and verbal skills [58]. To counteract a possible effect of males struggling more
than girls in learning to write and/or females falling behind males on STEM disciplines, educators
and teachers should pay additional attention to interventions and programs that improve writing
proficiency and are more likely to reduce this gender gap.

1.3. Research Aims and Questions

The present study examined the effectiveness of activities and games to stimulate and improve
kindergarten children’s and first graders’ visual-motor integration and manual dexterity skills. Since
occupational therapy programs target at-risk children and access to individual therapies is reported
to be difficult for a number of reasons, other approaches should be taken into consideration [59]. As
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a result, this study aimed at determining whether students in normal classroom settings would benefit
from games and activities based on occupational and remediation therapy principles to enhance school
readiness skills like visuo-motor integration and fine finger movements.

The research questions that guided the present study were:

(1) Did kindergarteners and first graders improve their visual-motor integration ability and their
manual dexterity over time in the course of the intervention when mean scores of the Visual-Motor
Integration Test (VMI) and Movement Assessment Battery for Children-2 (MABC-2) assessed
at T1, T2 and T3 were compared? We expected that the intervention would impact fine motor
skills and visual-motor integration abilities of children during the 10-wk training, improving
their performances from T1 to T2. No assumptions were formulated about skills’ stability at
the follow-up assessment (T3).

(2) Did students at risk of movement difficulty at the baseline in manual dexterity scores make
remarkable progress and demonstrate significantly different rates of improvements compared to
not at-risk peers along the timepoint assessments? With respect to this issue, we do not formulate
any precise hypotheses, because we still do not know if stimulation training in a classroom setting
might be as effective as individual therapy:.

(3) Do male and female children react to the intervention differently over time? Based on previous
research studies in which girls seem to perform better than boys in fine motor skills and boys
being advantaged in visual-spatial tasks compared to girls, we expected that females will improve
on manual dexterity scores, while males would perform better on visual-perceptual abilities.

2. Materials and Methods

2.1. Participants

The current study involved a sample of 55 children recruited from two different public schools in
South Tyrol, a region situated in Northern Italy. Forty-two children attended kindergarten (76.4%), and
thirteen (23.6%) were first graders. Unlike other Italian areas, South Tyrolean preschool classrooms offer
inter-year groups, including children from three to five years. In order to avoid possible confounding
results related to different ages, we have randomly selected children attending the last kindergarten
year from 6 different classes of one school district and enrolled first graders from another school (see
Table 1). There were no drop-out, and all the families of the children joined the research that had been
presented to them by class teachers.

Table 1. Descriptive statistics of the demographic study variables for kindergarteners and first graders
at the baseline.

Kindergarteners First Graders Total Sample
(n=42) (n=13) (n =55)
n % n Y% n Y%
Age. year.
4 8 19.0 8 14.5
5 33 78.6 33 60.0
6 1 24 13 100 14 25.5
Gender
male 26 619 5 38.5 31 56.4

female 16 38.1 8 61.5 24 43.6
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Table 1. Cont.

Kindergarteners First Graders Total Sample
(n=42) (n=13) (n = 55)
n % n Y% n %
Mother’s Educational Level
junior secondary school (0-8 years) 9 244 4 33.3 13 26.5
high school (9-13 years) 19 51.3 5 41.6 24 49
university (14-18 years) 8 21.6 3 25.1 11 22.5
post-university (beyond 19 years) 1 2.7 1 2
not reported 5 119 1 7.7 6 109
Father’s Educational Level
junior secondary school (0-8 years) 10 27.8 4 36.4 14 29.8
high school (9-13 years) 20 55.5 6 54.6 26 55.3
university (14-18 years) 5 13.9 1 9 6 12.8
post-university (beyond 19 Medical 1 28 1 21
School for Health Professions Claudiana.) ’ ’
not reported 6 14.3 2 154 8 14.5
Employment Mother
housewife 13 31.0 4 30.8 17 30.9
process worker 12 28.6 3 23.1 15 27.3
office worker 10 23.8 5 38.5 15 27.3
professional
not reported 7 16.7 1 7.7 8 14.5
Employment Father
unemployed 2 4.8 2 3.6
process worker 18 429 8 61.5 26 47.3
office worker 14 33.3 4 30.8 18 32.7
professional 3 7.1 3 5.5
not reported 5 11.9 1 7.7 6 10.9
Home situation
rent flat 14 33.3 5 38.5 19 34.5
own flat 15 35.7 6 46.2 21 38.2
rent house 2 4.8 1 7.7 3 5.5
own house 2 48 2 3.6
other 3 7.1 3 5.5
not reported 6 14.3 1 7.7 7 12.7
Number of siblings
no sibling 7 16.7 3 23.1 10 18.2
1 sibling 21 50.0 5 38.5 26 47.3
2 siblings 7 16.7 2 15.4 9 16.4
>3 siblings 1 2.4 2 15.4 3 5.4
not reported 6 14.3 1 7.7 7 12.7
Mother’s age (Mean; SD) 36.0 5.35 39.42 4.87 36.84 5.40
Father’s age (Mean; SD) 39.76 6.39 42.50 5.83 40.43 6.31

Students’ average age was 5 years and one month (age range: 55-83 months; SD: 7.43). Gender
was balanced across groups (X? (1) = 2.21, p = 0.13, Cramer’s V = 0.20): thirty-one children were male
(56.4%), and twenty-four were female (43.6%). No significant age differences were found between
males and females within the kindergarteners (F (1 40); t = 2.52, p = 0.66), whereas among first graders,
girls were significantly older than boys (F (111); t = =2.49, p = 0.03). Left-handers were 9.1% of
the total sample.

In terms of socioeconomic status (SES), data about parent’s employment, education and material
wealth were collected. Groups were balanced when comparing parents” employment (kindergarteners’
mothers vs. first graders’ mothers: X? () = 0.75, p = 0.68, Cramer’s V = 0.12; kindergarteners’ fathers
vs. first graders’ fathers: X2 @) = 2.22,p = 0.52, Cramer’s V = 0.21) and education (kindergarteners’
mothers vs. first graders’ mothers: X? (3, = 0.82, p = 0.84, Cramer’s V = 0.12; kindergarteners’ fathers vs.
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first graders’ fathers: X (3) = 0.66, p = 0.88, Cramer’s V = 0.11). No differences have been found with
respect to the average number of children (F (1 46); t = —1.15, p = 0.25) and type of home (X? (4 = 1.93,
p = 0.74, Cramer’s V = 0.20).

At the time of the investigation, none of the children was diagnosed with learning disabilities or
referred for behavioral problems. Parents gave informed consent prior to their children’s participation
in the study. Families had the possibility to withdraw from the study at any time, and the data collected
were treated in compliance with the privacy law. The study protocol and procedures were approved
by the Research and Ethic Committee of the University of Bozen-Bolzano (Bolzano, Italy).

2.2. Procedure and Research Design

The schools were contacted by the research team presenting the objectives of the study and
the procedure required. The schools were located on the territory of the Autonomous Province
of Bolzano and belonged to the Italian-speaking school district. The children who participated in
the research can be considered representative of the local school population, since their scores do not
differ significantly from the mean performances of all South Tyrolean children undergoing the school
readiness tests named “Mondo delle Parole” (M, = 55 participants) = 9-90, SD = 3.53; M = 1063 school children)
=9.28, SD = 3.70; t(1008) = 1,080; p = 0.280, ns).

A quasi-experimental research design was used to investigate the effectiveness of 10 weeks
of intervention on children” visual-motor integration skills and fine motor abilities. Children
were tested three times with norm-referenced and standardized measures: pre-intervention (T1),
post-intervention (T2) and follow-up (T3) within a 2-wk timeframe of each assessment point. Raw
scores of the Beery-Buktenica Developmental Test of Visual-Motor Integration (Beery VMI) [60]
and the Movement Assessment Battery for Children-2 (Movement ABC-2) [61] were converted into
standard scores provided by the manuals on the basis of the child’s chronological age to determine
the performance percentile and determine participants’ risk bands.

2.3. Intervention

Participants received direct, regular, age-appropriate stimulation for eye-hand coordination and
fine finger movements with playing activities based on pediatric occupational therapy principles
in their schools. The educational activities consisted of short games to be carried out in a small
group involving practice with in-hand manipulation, transfer of objects from the palm of the hand
to the fingers, dissociation and coordination of fingers’ uses, bimanual coordination, discrimination
of forms, figure-background separation and completion of paths and tracks. Each type of activity
was proposed in three difficulty levels (low, medium and high) following a pre-established program
according to which the grade-ordered variants were experienced from the small groups in rotation. In
this way, new games were introduced in a progressively difficult order and lasted the entire session.
Commonly used and easily available materials such as scissors, glue, pencils and markers of different
thickness, woolen and twine threads, tissue paper, pipe cleaners, colored paper and cardboard of
various thickness, small spheres of different sizes and weights, raisins, peanuts, rice and pasta for
soups in the shapes of letters of the alphabet were required for activities” completions.

Intervention included twenty approximately 60-min sessions implemented twice a week for
10 weeks between October 2016 and December 2017. Each session had a preordained course: (1) small
groups were created, and the activity of the day was introduced and explained to each small group
by occupational therapists and teachers, (2) children played the games, practicing the activities with
support and aid from the educational team and (3) each session ended by putting a stamp in a cardboard
prepared for the children where they could see the progress of the work and the program.

2.4. Measures

Visual-Motor Integration Test (VMI). The Beery-Buktenica VMI is a widely used standardized
assessment tool to test visual-motor integration, visual discrimination and fine motor coordination
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skills in individuals from early childhood to adulthood. Age-specific updated norms for ages 2 through
18 and above are provided. The VMl is a highly reliable instrument developed and standardized in
the USA on a sample of over 11,000 children [62]. This measure provides a rapid screening of those
children who have difficulty in organizing and coordinating visual-perceptual analyses with motor
performances. The VMI consists of 27 to-be-copied geometric shapes presented in a progressive order
of difficulty. The child is requested to look at the different stimuli and to reproduce them with a pencil
on a white paper of the evaluation protocol. The VMI contains two additional tests: a visual perception
test and motor coordination test, respectively. The purpose of these two tasks is to provide additional
information about the child’s visual discrimination ability and fine finger movement skills involved
in the tracing tasks. Previous studies have shown that the Beery-Buktenica test has considerable
psychometric validity. The test-retest reliability and that between independent judges show high
correlation levels: 0.92 and 0.93 respectively. Visual-Motor Integration Test can rely on a high internal
consistency with a Cronbach’s value « = 0.88 [63]. Children graphic performances are scored either
with 1 or 0 according to the correspondence between drawings and target figures to be copied. The time
required for completing the VMI varies from 15 to 20 min.

Movement Assessment Battery for Children-2 (MABC-2). The Movement ABC-2 is a standardized
test aimed at identifying motor delays or impairment in children 3 through 16 years of age. The child’s
motor functioning is ascertained through the performances exhibited in eight proposed tasks.
The MABC-2 completing activities are organized in three categories: (a) manual dexterity, (b) aiming
and catching and (c) balance tasks. Standard scores are provided for each component, as well as for
the total score. Originally normed on a representative standardization sample of 1172 children from
the United Kingdom [61], the adaptation of the MABC-2 used for the current study provides reference
scores also for Italian children [59,64]. In this way, it is possible to compare the motor performance
of the tested individual with those of typically developing peers using the interpretation manual.
Furthermore, the MABC-2 is equipped with a three-color “traffic light” system to assist the examiner
in the scoring procedure. Red zone identifies motor performances below the 5th percentile regarded
as having a significant movement difficulty. The amber zone includes scores between the 6th and
the 15th percentile and are considered as at-risk of movement impairments. The green zone reflects
motor performances above the 16th percentile, indicating tasks” completion in an age-expected norm.
The MABC-2 has good psychometric properties, with a reliability coefficient ranging from 0.73 to 0.84.
Internal consistency of the MABC-2 test total score is excellent (Cronbach’s o = 0.90). Subscale values
range from 0.80 to 0.88 of the Cronbach’s a.

For the purposes of the current study, only the first part of the test (manual dexterity scale) was
administered, in which fingers” and hands’ fine motor skills are assessed along three tasks: inserting
coins into the piggy bank, threading beads and drawing trails. The manual dexterity tasks assess in
terms of speed and accuracy how hands are used to manipulate objects and to handwrite. Inserting
coins (MD1) and threading beads (MD2) are two timed tasks requiring to record the seconds needed
for test completion. For MD1, a separate assessment of the preferred hand (PH) and of the other hand
(OH) is foreseen. The drawing trail task (MD3) is evaluated counting the number of errors made in
drawing a line that crosses the preprinted tracks. For the manual dexterity scale, lower scores indicate
better performance (e.g., higher speed in task completion and greater accuracy with reduced number
of errors). The Movement ABC-2 Test provides standardized age-related ratings for each quantitative
performance scores. Children needed on average about 20 min to complete the manual dexterity tasks.

2.5. Statistical Analysis Plan

Statistical analyses were performed using the SPSS software package version 25.0 (IBM Corp.,
Armonk, NY, USA) for Mac-OS. Descriptive statistics indicate means and standard deviations of
continuous variables (i.e., age of mothers and fathers), as well as counts and proportions of categorical
variables (i.e., participants’ genders, parents” educational levels, type of employment, number of siblings
and home situation). Exploratory data analysis and descriptive statistics were performed to provide
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basic information about the main study variables and to highlight potential relationships between
children’s performances. Results are presented in Table 2 according to school order (kindergarten
vs. primary school) and time of assessment (pre-intervention, post-intervention and follow-up).
Categorical variables were analyzed with a chi-square test for association to determine a groups
independence. A value of p < 0.05 was considered statistically significant. Associations among study
variables were assessed by means of Pearson product-moment correlations to determine the strength
and direction of the linear relationship between continuous variables (Pearson’s rho values are
summarized in Table 3).

7

Table 2. Means and SD of the raw performance scores of the Visual-Motor Integration Test (VMI)
and Movement Assessment Battery for Children-2 (MABC-2) assessed at the pre-intervention (T1),
post-intervention (T2) and follow-up (T3).

Kindergarteners First Graders
(n =42) (n=13)

M (SD) Range M (SD) Range

Pre-Intervention ~ VMI (max. = 27)

Visual-Motor Integration 11.37 (1.97) 8-17 14.77 (2.83) 10-19

VMI_Visual Perception 11.69 (3.72) 1-19 16.08 (4.09) 10-23

VMI_Motor Coordination 12.83 (2.76) 6-19 18.08 (3.12) 9-22
MABC-2

Manual Dexterity 1 (posting coins) PH ~ 18.14 (6.62) 4-30 16.62 (1.60) 14-19
Manual Dexterity 1 (posting coins) OH  20.10 (8.82) 1-40 19.23 (2.45) 15-23
Manual Dexterity 2 (threading beads) 47.12 (18.04) 14-94 40.62 (7.71) 31-57

Manual Dexterity 3 (drawing trails) 2.57 (2.52) 0-9 0.62 (1.19) 0-4
Post-Intervention  VMI (max. = 27)
Visual-Motor Integration 12.66 (2.49) 9-19 16.46 (2.47) 12-20
VMI_Visual Perception 14.50 (3.58) 7-23 18.00 (3.16) 13-25
VMI_Motor Coordination 12.89 (3.22) 5-19 20.31 (2.86) 14-25
MABC-2

Manual Dexterity 1 (posting coins) PH  18.82 (3.76) 9-27 17.46 (2.53) 14-22
Manual Dexterity 1 (posting coins) OH  21.03 (3.99) 9-30 22.92 (5.88) 17-37
Manual Dexterity 2 (threading beads) 44.36 (7.66) 28-62 35.31 (10.55) 22-60

Manual Dexterity 3 (drawing trails) 1.95(2.11) 0-7 0.62 (0.65) 0-2
Follow-up VMI (max. = 27)
Visual-Motor Integration 13.10 (2.11) 9-18 16.85 (2.82) 13-22
VMI_Visual Perception 16.40 (2.65) 11-22 20.85 (3.21) 15-26
VMI_Motor Coordination 14.63 (3.15) 6-20 19.85 (2.44) 14-23
MABC-2

Manual Dexterity 1 (posting coins) PH ~ 19.00 (2.62) 15-27 18.54 (4.99) 13-31
Manual Dexterity 1 (posting coins) OH  21.26 (3.21) 15-30 22.00 (6.59) 15-38
Manual Dexterity 2 (threading beads) 46.74 (9.21) 35-70 32.15 (8.27) 21-51
Manual Dexterity 3 (drawing trails) 1.77 (1.61) 0-6 0.31 (0.63) 0-2

Note: PH: preferred hand; OH: other hand.
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Table 3. Bivariate Pearson correlations among study variables for participants (n = 55) at pre-intervention (T1), post-intervention (T2) and follow-up (T3).

9 of 24

Pre-Intervention T1

Post-Intervention T2

Follow-up T3

la 2a 3a 4a 5a 6a 7a 1b 2b 3b 4b 5b 6b 7b 1c 2c 3¢ 4c 5¢ 6c 7c
la - 064 0.62%* —037*  —0.31*  —043%* 052 (.67 047 0.70 *** —0.35** -0.19 —0.47**  —0.35** 0.72 *** 0.55 *** 0.64 *** -0.27 -0.15  —0.60 ***  —0.28*
2a - 059 **  —042**  —035* —-048**  —0.59*** 0.56 *** 0.44 *+* 0.54 % -0.39 ** -0.19 —0.44 *** -0.30 * 0.56 *** 0.56 *** 0.48 *** —0.16 —-0.03 -0.30* -0.19
3a - -0.23 -0.16 —0.35** —0.53 *** 0.64 *** 0.57 *** 0.78 *** -0.35* -0.09 =0.53 % —0.44 ** 0.69 *** 0.72 *** 0.73 *** —0.14 —-0.01 —0.62 ***  —0.48 ***
Pre-intervention T1 4a - 0.66 *** 0.72 *** 0.44 *** —-0.20 -0.23 -0.25 0.40 ** 0.27 0.21 0.27 -0.19 -0.25 —0.28 * 0.10 0.10 0.22 0.13
5a - 0.61 *** 0.38 ** -0.19 -0.12 -0.23 0.40 ** 0.44 *** 0.30 * 0.17 —0.20 —0.12 —0.26 0.03 0.07 0.16 —0.03
6a - 0.46 *** -0.26 -0.23 -0.36 ** 0.29 * 0.20 0.40 ** 0.27 * —0.35 ** —0.28 * —0.38 ** 0.16 0.19 0.42 ** 0.04
7a - —0.60 ***  -0.40* -0.61*** 0.39 ** 0.22 0.33* 0.53 *** —0.43 ***  —0.53 ***  —(.58 *** 0.21 0.00 0.32* 0.39 **
1b - 0.56 *** 0.71 *** -0.26 -0.15 —0.42** —0.48 *** 0.74 *** 0.64 *** 0.75 *** —0.18 -0.10 —0.46 ***  —0.40 **
2b - 0.63 *** -0.28 * -0.02 -0.29 * -0.18 0.50 *** 0.60 *** 0.53 *** —0.21 —-0.09 —0.49 ***  —0.46 ***
Post—intervention 3b - -0.34* -0.07 —0.43 *** —0.47 *** 0.68 *** 0.62 *** 0.78 *** -0.32* -0.15 =0.63 ***  —0.51 ***
” ™ 4b - 0.60 *** 0.43 *** 0.18 —0.37 ** -0.29 * -0.29 * 0.20 0.06 0.19 0.25
5b - 0.11 —0.00 —0.14 -0.13 -0.09 0.37 ** 0.45 *** —0.03 —0.01
6b - 0.27 * —0.45*** =038 ** = —0.47 *** -0.13 —-0.16 0.66 *** 0.28 *
7b - —0.41 ** —0.28 * —0.59 *** 0.16 0.06 0.29 * 0.43 ***
1c - 0.60 *** 0.73 *** -0.11 —0.03 —0.57 *** —0.26
2c - 0.66 *** -0.12 0.05 —0.55 *** -0.32*
3c - -0.10 —0.07 —0.60 *** —0.41 **
Follow-up T3 4c - 0.77 *** 0.18 0.29 *
5¢ - 0.06 0.06
6¢ - 0.28 *
7c -

*p <0.05** p <0.01; ** p < 0.001. Note: VMI = Visual-Motor Integration Test; VMI_P = Supplemental Test VMI Perception; VMI_MC = Supplemental Test VMI Motor Coordination;
MD1_PH = Manual Dexterity 1 Preferred Hand (posting coins); MD1_OH = Manual Dexterity 1 Other Hand (posting coins); MD2 = Manual Dexterity 2 (threading beads); MD3 = Manual
Dexterity 3 (drawing trails). Font styles indicate different timepoints for data acquisition: regular = pre-intervention T1; italic = post-intervention T2; bold = follow-up T3. 1la = VMI; 2a =
VMI_VP; 3a = VMI_MC; 4a = MD1_PH; 5a = MD1_OH; 6a = MD2; 7a = MD3. 1b = VMI; 2b = VMI_VP; 3b = VMI_MC; 4b = MD1_PH; 5b = MD1_OH; 6b = MD2; 7b = MD3. 1c¢ = VMI; 2¢ =

VMIL_VP; 3¢ = VMI_MC; 4c = MD1_PH; 5¢ = MD1_OH; 6c = MD2; 7¢ = MD3.
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To investigate changes over time in standardized VMI scores and MABC-2 manual dexterity
performances of kindergartners and first graders, a series of one-way repeated-measure ANOVAs
were performed. There were no outliers in the data, as assessed by an inspection of the dependent
variables’ boxplots. The assumption of normality for the VMI and the MABC-2 scores was satisfied for
both groups of children, for each timepoint, as assessed by a Shapiro-Wilk’s test (p > 0.05), respectively.
Mauchly’s test was run to verify if differences between all combinations of levels of the within-subject
factor had equal variances. When the assumption of sphericity was violated, and the Mauchly’s test
was significant at the 0.05 level, results were interpreted using the Greenhouse-Geisser [65] correction
for the one-way repeated-measure ANOVAs.

The second aim of this study was to understand if there was a two-way interaction between
the intervention factors and risk group. Indeed, this research question was aimed at untangling
whether the effect of the intervention program depends on a group factor, being more effective for
children of the risk group. Children performing at or below the 16th percentile at the baseline on
the MABC-2 might improve significantly more in their performance compared to not at-risk peers
immediately after the intervention (12) and at the follow-up (13). To investigate if the intervention’s
effectiveness changed differently over time depending on the group factor, a series of two-way mixed
ANOVAs were performed with the risk group as the between-subjects factor and intervention as
the within-subjects factor.

The third aim of the current study was to investigate how children genders influenced
the effectiveness of the intervention on visual-motor integration and manual dexterity skills over time.
A series of one-way repeated-measure ANOVAs were run with intervention as the within subject factor
with three levels (pre- and post-intervention and follow-up) and gender as the between subject factor
(male/female). Interaction effects were tested and reported in the main findings.

3. Results

Test scores, means and standard deviations for the study variables are reported in Table 2 separately
for educational institutions (kindergarten and primary school), and bivariate correlations are reported
in Table 3.

Beery and Beery [60], in their 6th manual’s edition, showed that the VMI has good construct
validity, because all correlations among scales were significant beyond the 0.05 level of confidence
since the supplemental tests measures part of what the VMI measures, and results correlate at least
moderately well with one another. In the present study, children’s outcomes on the Beery VMI and its
subtests indicated that visual-motor integration abilities were at all test phases positively correlated
with both visual-perceptual skills and hand-motor coordination. The strength of association ranged
from moderate (r = 0.40 to 0.59) to strong (r = 0.60 to 0.79) and has been found to be highly significant
(p < 0.001).

Results showed that visual-motor integration abilities, visuo-perceptive and motor-coordination
skills are negatively associated with manual dexterity scores on MABC-2 over time. This negative linear
relationship suggests that higher levels of children’s oculo-manual motor integration is associated with
lower levels of time spent for completing fine fingers’ tasks.

3.1. Effects of the Intervention on Visual-Motor Integration and Fine Motor Skills over Time

The first aim of this study was to assess the effectiveness of the intervention, investigating changes
over time on visual-motor integration skills and fine motor abilities in two different age groups:
kindergarten and first grade children. Findings from the one-way repeated measure ANOVA for three
timepoints are shown in Table 4 for visual-motor integration performances and in Table 5 for manual
dexterity scores.
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Table 4. Changes over time in kindergartners” and first graders’ raw scores at the Beery Buktenica Visual-Motor Integration Test measured at T1, T2 and T3.

Time of Administration Statistics
Groups and Scales Pre-Intervention  Post-Intervention Follow-Up
(T1) (T2) (T3) F p np? Comparisons M. Diff. P
M SD M SD M SD
Kindergartners’ VMI scores (max. = 27)

Visual-Motor Integration 11.37 1.97 12.66 2.49 13.03 2.06 12.457  0.0001  0.252 T1vs. T2 -1.289 0.005

T2 vs. T3 —-0.368 ns
T1vs. T3 -1.658 0.001
Visual Perception 11.47 3.77 14.50 3.58 16.39 2.70 32579  0.0001 0.468 T1vs. T2 -3.026 0.001
T2 vs. T3 —-1.895 0.003
T1vs. T3 —4.921 0.001

Motor Coordination 12.82 2.90 12.89 3.22 14.61 3.22 9.552 0.001  0.205 T1vs. T2 -0.079 ns
T2 vs. T3 -1.711 0.001
T1vs. T3 -1.789 0.002

First grades’ VrMI scores (max. = 27)

Visual-Motor Integration 14.77 2.83 16.46 247 16.85 2.82 6.936 0.004 0.366 T1vs. T2 -1.692 0.048

T2 vs. T3 —0.385 ns
T1vs. T3 -2.077 0.029

Visual Perception 16.08 4.09 18.00 3.16 20.85 3.21 10977  0.001 0478 T1vs. T2 -1.923 ns
T2 vs. T3 —2.846 0.012
T1vs. T3 -4.769 0.003
Motor Coordination 18.08 3.12 20.31 2.86 19.85 2.44 7.641 0.003  0.389 T1vs. T2 —-2.231 0.008

T2 vs. T3 0.462 ns

T1vs. T3 -1.769 0.024
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Table 5. Changes over time in kindergartners’ and first graders’ motor performances reported as raw scores at the manual dexterity tasks of the MABC-2 at T1, T2 and T3.

Time of Administration Statistics
Groups and Scales Pre-Intervention  Post-Intervention Follow-up
(T1) (T2) (T3) F 4 np? Comparisons M. Diff. |4
M SD M SD M SD
Kindergartners” MABC-2 scores
Manual dexterity 1 PH 17.92 6.47 18.71 3.75 19.03 2.65 0.752 0.451  0.020 T1vs. T2 -0.789 ns
T2 vs. T3 -0.316 ns
T1vs. T3 -1.105 ns
Manual dexterity 1 OH 20.00 8.90 20.95 4.02 21.32 3.23 0.652 0471  0.017 T1vs. T2 -0.947 ns
T2 vs. T3 —-0.368 ns
T1vs. T3 -1.316 ns
Manual dexterity 2 47.82 18.02 44.32 7.76 46.92 9.27 1.152 0.308  0.030 T1vs. T2 3.500 ns
T2 vs. T3 —-2.605 ns
T1vs. T3 0.895 ns
Manual dexterity 3 2.45 2.29 1.89 211 1.74 1.62 2.158 0.123  0.055 T1vs. T2 0.553 ns
T2 vs. T3 0.158 ns
T1vs. T3 0.711 ns
First graders” MABC-2 scores
Manual dexterity 1 PH 16.62 1.60 17.46 2.53 18.54 4.99 1.195 0.306  0.091 T1vs. T2 —0.846 ns
T2 vs. T3 -1.077 ns
T1vs. T3 -1.923 ns
Manual dexterity 1 OH 19.23 2.45 2292 5.88 22.00 6.59 2.805 0.080  0.189 T1vs. T2 -3.692 ns
T2 vs. T3 -0.923 ns
T1vs. T3 —-2.769 ns
Manual dexterity 2 40.62 7.71 35.31 10.55 32.15 8.27 10.477  0.001  0.466 T1vs. T2 5.308 ns
T2 vs. T3 3.154 ns
T1vs. T3 8.462 0.003
Manual dexterity 3 0.62 1.19 0.62 0.65 0.31 0.63 0.513 0.605  0.041 T1vs. T2 0.000 ns
T2 vs. T3 0.308 ns
T1vs. T3 0.308 ns

Note: PH = preferred hand; OH = other hand.
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With regards to visual-motor integration skills, analyses revealed a statistically significant
difference in VMI performances during the 10 weeks of intervention. Activities elicited statistically
significant changes over time in kindergarten children: F (5, 74) = 12.457, p = 0.0001, partial n? =0.252, as
well as in first graders: F (3, 04y = 6.936, p = 0.004, partial n? = 0.366, respectively. Post hoc analysis with
a Bonferroni correction revealed that visual-motor integration performances increased significantly
from pre-intervention (T1) to post-intervention (T2) (d = 0.69; intermediate effects size) but not from
post-intervention (T2) to follow-up (T3) in the two groups of children. Visual discrimination skills,
assessed with the supplemental test of visual perception, increased over time in kindergarten children:
F 0,72y = 32.579, p = 0.0001, partial n? = 0.468 and in first graders, F (o, 24y = 10.977, p = 0.0001,
partial n? = 0.478. The statistically significant changes affect all performances assessed in younger
children and between T1-T3 and T2-T3 in the older ones. Graphomotor skills tested with the motor
coordination supplemental test of the VMI increased in both age groups over time (kindergarten
children: F (5 74y = 9.552, p = 0.0001, partial n? = 0.205 and first graders: F (o 24) = 7.641, p = 0.003,
partial n? = 0.389).

In terms of intervention effectiveness on fine motor skills among kindergarteners and first graders,
changes over time on MABC-2 scores have been examined. Results indicated that, within both age
groups, finger fluency on preferred hand and other hand did not change significantly over the 10-week
intervention. Epsilon (¢) values, calculated according to Greenhouse and Geisser [65], were used to
correct the one-way repeated measures ANOVA. Exercises did not lead to any valuable increase of skills
from pre-intervention to follow-up on the manual dexterity domain (MD1) of kindergarten participants
on preferred (PH) and other hand (OH) (PH: F (15051, 20.028) = 0.752, p = 0.451, partial n? = 0.020;
OH: F (25.295, 38.792) = 0.652, p= 0471, partial 1]2 = 0017) and of first graders (PH F (19.128, 16.004) = 1.195,
p = 0.306, partial 2= 0.091; OH: F (5 24 = 2.805, p = 0.080, partial n?= 0.189), respectively. Threading
beads abilities increased only for older children (first graders: F (5 24y = 10.477, p = 0.001, partial
n? = 0.466), whereas younger ones became faster only after post-intervention but did not maintain
their acquired fluency over time (F (1428, 52.827) = 1.152, p = 0.308, partial n? = 0.030). Drawing trails
task revealed an increase of performance, because both groups showed a decrease of errors in absolute
numbers over time when completing their target figures within the given paths. However, this skill’s
improvement does not reach a statistically significant level (kindergarteners: F (o 74) = 2.158, p = 0.123,
partial n? = 0.055; first graders: F (1 408, 16.901) = 0.513, p = 0.605, partial n? = 0.041).

3.2. Effects of the Intervention on different Risk Band Children

The second goal of the study was to determine whether the intervention changes its effectiveness
with regards to children’s risk bands (see Table 6). Of interest, we found a significant interaction
between the risk band and time on fine finger dexterity performances (i.e., posting coins with preferred
hand and threading beads). The interaction effect shows that different risk groups have different
patterns of fine motor performances over time (MD1_PH: F (1700, 83.294) = 4.334, p = 0.021, partial
n? = 0.081; MD2: F (1 476, 72333 = 9.824, p = 0.001, partial n? = 0.167). As such, from these results, we
might expect that intervention efficacy over time depends on the factor group; i.e., intervention efficacy
is observable only in the at-risk group. For this reason, the interaction effects were further investigated
in terms of simple effects via multiple contrasts, adjusted for Bonferroni correction.
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Table 6. Means and SD for the main outcome variables and partial eta-squared values associated with risk bands and time-intervention factors.

Factors Statistics
‘Olut'ctl))llne Risk Band Intervention Risk Intervention Risk by Intervention Comparison
ariables
M(SD)atT1 M (SD)atT2 M (SD)at T3 F np? P F np? r F np? P
VMI 10.609  0.178 0.002*  12.685  0.206  0.001**  0.142 0.003 0.868 T2 > T1**
At-Risk 9.78 (1.64) 11.33 (1.58) 11.89 (1.83) T3 > T1 ***
Not at-risk 12.76 (2.54) 14.12 (2.98) 14.45 (2.78) NR > R **
VMIL_P T2>T1*
At-Risk 9.00 (5.09) 10.89 (2.02) 14.78 (2.22) 19.300  0.283  0.001**  29.087 0372  0.001***  1.198 0.024 0.306 T3 > T2 ***
. T3 > T1 ***
Not at-risk 13.43 (3.72) 16.36 (3.34) 18.12 (3.36) NR > R #**
VMI_MC T3 > T2**
At-Risk 10.56 (2.69) 9.56 (2.06) 12.11 (3.29) 19.561  0.285  0.001**  7.552 0.134  0.001 ***  2.242 0.044 0.112 T3 > T1**
Not at-risk 14.93 (3.48) 15.90 (4.07) 16.76 (3.40) NR > R ***
MD1_PH
At-Risk 24.00 (4.40) 19.88 (5.13) 22.13 (2.53) 20.712 0297  0.001***  0.963 0.019 0.385 4.334 0.081 0.021 ** R > NR ***
Not at-risk 16.40 (5.05) 18.12 (3.11) 18.30 (3.15)
MD1_OH
At-Risk 25.88 (11.39) 22.13 (4.39) 24.50 (4.03) 6.583 0.118 0.013* 0.283 0.006 0.673 2.968 0.057 0.076 R >NR*
Not at-risk 18.67 (6.45) 21.33 (4.65) 20.93 (4.12)
MD2 T2 < T1 ***
At-Risk 69.25 (17.56) 47.75 (9.86) 55.50 (8.38) 28.218 0365  0.001** 11.316  0.188  0.001**  9.824 0.167  0.001 *** T3>T2*
. T3 <T1*
Not at-risk ~ 41.65 (11.89) 40.95 (8.94) 40.86 (9.97) R > NR #**
MD3
At-Risk 4.50 (3.25) 2.88 (2.41) 2.63 (1.76) 14.822 0232 0.001***  4.877 0.091 0.010 ** 2.481 0.048 0.089 T3 < T1**
Not at-risk 1.51 (1.62) 1.33 (1.75) 1.14 (1.42) R > NR ***

Note: VMI = Visual-Motor Integration Test; VMI_P = Supplemental Test VMI Perception; VMI_MC = Supplemental Test VMI Motor Coordination; MD1_PH = Manual Dexterity 1
Preferred Hand (posting coins); MD1_OH = Manual Dexterity 1 Other Hand (posting coins); MD2 = Manual Dexterity 2 (threading beads); MD3 = Manual Dexterity 3 (drawing trails).
*p <0.05;** p <0.01; *** p < 0.001.
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Figure 1 illustrates different intervention effects in both tested groups. Statistical analysis by means
of repeated-measure ANOVAs revealed a main effect of the group in the predicted direction for manual
dexterity performance with children included in the at-risk group benefitting from the stimulation
program over time (MD1_PH: F 4 53 = 17.346, p = 0.001, partial n? = 0.247 at pre-intervention;
F (1,500 =2.742, p = ns, partial n? = 0.104 at post-intervention; F (1 50y = 10.697, p = 0.002, partial
n2 = 0.176 at follow-up). Children at-risk for motor difficulty were significantly slower than their
peers in completing the posting coins task at the baseline. This difference was no longer statistically
significant at the post-intervention assessment, indicating that the stimulation program has reduced
the amount of time required to the at-risk group to carry out the task. Moreover, a main effect of
intervention in the predicted direction was found for the threading beads motor activity, showing that
children experience a significant increase of their performance over time, from baseline to follow-up
(MD2: F (1, 53) = 30.555, p = 0.001, partial n? = 0.366 at pre-intervention; F (1, 50) = 4.013, p = ns, partial
n? = 0.074 at post-intervention; F (1 50 = 15.575, p = 0.001, partial n? = 0.238 at follow-up). At baseline,
the time measured in seconds needed for threading beads was higher in the at-risk group than in
the healthy group (M = 25.5, SE = 4.6, p = 0.001). After intervention, the two groups did not show any
significant differences in completing the manual dexterity task (M = 6.6, SE = 3.2, p = ns). Overall,
the intervention with at-risk children showed a very large effect size expressed by the Cohen’s d = 1.15
for manual dexterity skills. However, effectiveness of the stimulation program does not seem to
result in a long-term improvement, because at the follow-up testing, at-risk children showed again
significantly slower performances than their peers (M = 14.6, SE = 3.7, p = 0.001).

Manual Dexterity Performance (MD2)

Groups

M not at-risk
M at-risk

60

40

Estimated marginal means

20

Pre-intervention (T1) Post-intervention (T2) Follow-up (T3)

Time of Intervention

Figure 1. Changes on manual dexterity scores in at-risk and not at-risk children over time.

A main effect of time was found on manual dexterity scores measured in the threading beads activity,
showing that significant changes in children’s motor performances occur between pre-intervention to
post-intervention and between post-intervention and follow-up. Analyses confirm the visual inspection
of the box plots depicted in Figure 1 and reveal that the not at-risk group scores similarly over time,
whereas the at-risk group becomes faster after intervention (M diff. T1-T2 = 11.1, SE = 2.5, p = 0.001)
and worsens its performance when the stimulation of the intervention ceases (M diff. T2-T3 = -3.8,
SE = 1.5, p = 0.05) but are still significantly faster compared to T1.
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3.3. Effects of Gender on Visual-Motor Integration and Fine Motor Skills

Findings of the one-way repeated-measure ANOVAs investigating gender and intervention effects
on study variables are provided in Table 7.

The ANOVA analysis showed that female children copied more figures than male children and
had a higher eye-hand coordination score (F (1, 49) = 6.712, p = 0.001, partial n? = 0.120). Furthermore,
girls performed better than boys also on the supplemental motor coordination test of the VMI, realizing
more figures in the given time (F (1, 49) = 9.082, p = 0.004, partial n? = 0.156).

The two groups of children differed neither on the posting coin activity nor on the drawing trails
exercise of the MABC-2 (MD1_PH: F (1, 49) = 3.550, p = ns, partial n? = 0.003; MD1_OH: F(1, 49) = 33.726,
p = ns, partial n? = 0.013). However, girls made fewer mistakes than boys when, realizing the target
figure within the trails at each timepoint assessment. There was a statistically significant effect of gender
in the threading beads task, with males requiring more time than females to complete the activity
(F (1, 49) = 4.665, p = 0.036, partial n? = 0.087).

The intervention effect was significant for several outcome variables. The differences between
children’s performances on eye-hand integration and visual discrimination was greater at T2 than at
T1 (VML F (5, 98) = 21.608, p = 0.001, partial n? = 0.306; VMI_MC: F (5 ¢g) = 10.523, p = 0.001, partial
n? =0.177). Follow-up assessments revealed that children improved their scores in all VMI scales
when compared to pre-intervention achievements.
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Table 7. Means and SD for the main outcome variables and partial eta-squared values associated with gender and time-intervention factors.

17 of 24

Factors Statistics
‘Olut'ctl))llne Gender Intervention Gender Intervention Gender by Intervention Comparison
ariables
M (SD)atT1 M(SD)atT2 M (SD)atT3 F np? p F np? p F np? p
VMI 6.712 0.120 0.013 * 21.608 0.306  0.001***  2.703 0.052 0.072 T2 > T1 ***
Male 11.76 (2.43) 12.90 (2.83) 12.93 (2.13) T3 > T1 ***
Female 12.86 (2.86) 14.59 (2.95) 15.41 (3.00) F>M*
VMI_P 3.694 0.070 0.060 42.550 0465  0.001***  0.122 0.002 0.886 T2 > T1 ***
Male 12.03 (3.85) 14.66 (2.91) 16.69 (2.52) T3 > T2 ***
Female 13.45 (4.83) 16.36 (4.57) 18.64 (4.14) T3 > T1 ***
VMI_MC 9.082 0.156 0.004 *  10.523 0.17 0.001 **  0.061 0.001 0.941 T3 > T1 ***
Male 12.97 (3.25) 13.48 (4.12) 14.66 (3.50) T3 >T2*
Female 15.73 (3.80) 16.50 (4.49) 17.64 (3.56) F>M*
MD1_PH 0.133 0.003 0.717 1.449 0.029 0.240 1.370 0.027 0.258
Male 17.13 (6.22) 18.87 (3.82) 18.50 (2.52)
Female 18.24 (4.79) 17.71 (2.95) 19.48 84.27)
MD1_OH 0.659 0.013 0.421 2172 0.042 0.136 0.402 0.008 0.602
Male 19.83 (9.38) 20.80 (4.71) 20.93 (3.46)
Female 19.76 (4.77) 22.38 (4.33) 22.29 (5.21)
MD2 4.665 0.087 0.036 * 2.251 0.044 0.127 0.032 0.001 0.931 M>F*
Male 48.37 (19.31) 44.27 (8.21) 45.80 (10.59)
Female 42.57 (10.01) 38.81 (10.06) 39.38 (10.84)
MD3 1.160 0.023 0.287 1.971 0.039 0.145 0.474 0.010 0.624
Male 2.30 (2.33) 1.73 (1.91) 1.47 (1.38)
Female 1.52 (1.99) 1.33 (1.98) 1.24 (1.81)

Note: VMI = Visual-Motor Integration Test; VMI_P = Supplemental Test VMI Perception; VMI_MC = Supplemental Test VMI Motor Coordination; MD1_PH = Manual Dexterity 1
Preferred Hand (posting coins); MD1_OH = Manual Dexterity 1 Other Hand (posting coins); MD2 = Manual Dexterity 2 (threading beads); MD3= Manual Dexterity 3 (drawing trails).
*p < 0.05; ** p < 0.01; ** p < 0.001.
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4. Discussion

Handwriting is the coordination of perceptual, motor and cognitive abilities, which are all involved
in the capacity to write letters efficiently [66]. Due to its complexity, it is not surprising that handwriting
is prone to disturbances in the course of acquisition. In the present study, we analyzed the effectiveness
of an intervention based on occupational therapy principles on handwriting foundational skills in
order to enhance school readiness among kindergarteners and first graders. Our aim was to examine
children’s improvements on visual-motor integration and manual dexterity skills after stimulation
with games and other activities managed in a normal classroom setting. According to previous studies
reporting that access to therapies can be difficult for a number of reasons, other approaches need
to be considered in which teachers play an important role in supporting children’s development of
pre-writing and writing skills. For this purpose, we have proposed a short-term intervention program
to improve fine finger movement dexterity and eye-hand coordination abilities in small groups during
classroom lessons. To test the effectiveness of the stimulation program, we administered the Beery and
Buktenika VMI and the Movement Assessment Battery for Children at three phases (pre-intervention,
post-intervention and one month after the end of the activities). Results indicated that children’s
visual-perceptive performances and their motor coordination improved from T1 to T2, with some
differences related to school order. Kindergarten children displayed significant improvements in
coping figures and discriminating geometric targets but did not enhance significantly their ability to
control fine movements in reproducing figures while connecting dots within trails. Intervention was
effective among first graders on visual-motor integration and motor coordination, but improvements
on visual perception did not reach a statistical significance.

At the fine motor control level, younger and older children did not score higher after the stimulation
program. A possible explanation for this finding may be that the planned activities were not structured
according to the specific needs of the children or to their already achieved level of competence. Games
that were not modulated with respect to the level of individual competence may not have sufficiently
motivated the children in carrying out the tasks. Moreover, the short time interval may have led to
a lower engagement in the realization of the MABC-2 subtests. However, looking at the raw scores,
children’s finger motor precision represented by the ability to recreate a predetermined model within
trails or the bilateral hand coordination in inserting beads improves slightly over time, even when not
reaching statistical significance levels. Indeed, time required and number of errors to complete these
tasks decrease progressively from T1 to T2 for both groups of children. Concerning finger dexterity of
the preferred and the other hand, findings suggest that the intervention did not enhance considerably
children’s ability to realize fluently the posting coin task, though conclusions should be drawn with
caution, because mean differences were calculated in seconds and not in milliseconds, which could
have allowed a greater precision in the analysis of performance differences. However, our findings are
consistent with previous studies reporting descriptive characteristics of MABC-2 motor tasks in five
and six-year-olds [67] with finger fluency and motor precision scores comparable in and across groups.

Findings of our study should also be interpreted in light of what has been reported in recently
published systematic analyses on motor intervention programs for school-aged children [68,69]. In line
with previous studies [37,70] designed to develop fine motor control in typically developing children
aged 5-6 years, our study had a duration of 10 weeks. However, despite the fact the above-mentioned
studies indicate an effectiveness in a 10-wk intervention, the number of hours devoted in each training
were slightly different. Indeed, Axford and colleagues [70] designed an intervention program lasting
22.5 h to target motor skills used in daily tasks based on 30-min daily practices. Findings revealed
significant gains in writing proficiency, cutting abilities and drawing skills, but no improvements
in visual-motor integration was reached, since the mean number of features drawn in the pre- and
post-tests were found similar. Diversely, the training of Ohl and colleagues [37] had a total duration
of only 5-hrs, with ten 30-min lessons for 10-wks, aiming at strengthening of the intrinsic hand
musculature, finger isolation and pincer grasp exercises; separation of the two sides of the hand;
translation, rotation, opposition, visual-perceptual and visual-motor skills and bilateral coordination,
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cutting with scissors, drawing a person, and putting on a coat. They found that five-year-old children
improved both on visual-motor integration and on fine motor skills. Given the fact that comparisons
with other trainings on the same abilities remains difficult, because based on nonhomogeneous
intervention models and on variable amounts of stimulations during the same time interval, we have
compared the effect size of our study with those reported in the above-mentioned studies. In line
with the study of Axford and colleagues [70], we obtained a moderate clinical effect size (d = 0.69) for
the significant improvements on visual-motor integration abilities compared to the small effect size
reported from Ohl [37].

A final concern is the fact that, in the current study, the intervention program led to different
changes in a group at-risk of motor impairment compared to not at-risk children. Results indicated
that games and stimulation activities helped children classified below the 16th percentile to improve
in the manual dexterity domain. Differences in motor performances between children identified
as at-risk and their typically developing peers decreased after the intervention program, showing
a good remediation chance for children with weaker performances during the stimulation phase. At
the follow-up assessment only one month after the end of the activities, at-risk children become slower
than their peers in completing motor tasks again, suggesting that fine motor skills have not been
consolidated during the stimulation phase and require a longer time of intervention to foster mastery
of motor development. If at-risk children are more likely to struggle with everyday school tasks
involving fine motor skills [2,4,71], then we might suppose that sooner or later they will want to evade
activities they perceive as disadvantaged, resulting in a loss of confidence and in a lack of interest for
schoolwork. Hence, additional attention should be devoted to those students who are more at-risk,
with the purpose of allowing them to collect positive school experiences, building self-confidence and
school success. In this sense, teachers may play an important role in taking early educational actions
to counteract this possible effect. One potential way might be to pursue the stimulation of writing
foundational skills with games to be included in daily classroom activities. Doing so, it would be
possible to aim at improving children’s skills in schoolwork that is not oriented to the task’s completion
in a defined interval but to a pleasant play framework to be conducted in small groups. Moreover,
the activities modulated according to progressive difficulty levels allow children to have experiences
calibrated according to their already developed skills. However, to our knowledge, no other studies
than the present one report the effectiveness of a stimulation training on children at-risk of developing
fine motor delays taking place in a collaborative group setting during schooltime, by which we obtained
a very large effect size (Cohen’s d = 1.18 for VMI scores and d = 1.15 for MD scores).

Finally, in our third strand of analyses, we observed a gender effect on the intervention program,
with a stronger increase of abilities in female children compared to male peers. Most interestingly, girls
outperformed boys in visual-motor integration and in motor coordination tasks, which is in line with
previous findings [71-73]. In completing the threading beads activity, male children were found to be
slower than female. Our results confirm other studies documenting different developmental trajectories
for boys and girls. For example, neuroscientists have found an earlier completion of brain development
among girls [74] and a stronger hemispheric asymmetry in males. Diverse brain organization was
believed to account for multiple performance differences between males and females [75,76]. In
the present study, these inequalities between boys and girls may reflect the fact that females show
higher readiness than boys for formal schooling and pre-writing skills. Since teachers can adjust their
instructions to pupils’ learning paces, these findings might serve to support the modulation of teaching
contents and methods adapted to the individual characteristics and needs of children.

5. Conclusions

Single results and conclusions reported in this study should be considered with caution due to
several limitations. First, the intervention program was not planned to direct children’s individual
areas of weakness (visual construction, motor planning, eye-hand coordination, etc.). However,
the lack of individualization has to be viewed in light of the authors’ goals to develop a training and
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intervention program that could be used in an inclusive group educational setting. Since the amount
of practice is important to reach effective outcomes, this method has the undoubted advantage of
maximizing the practical intervention while, at the same time, a high level of children’s motivation is
maintained. Trainings are not done in a separate learning environment and in a face-to-face setting with
a therapist. The effectiveness of the intervention program was distributed over the entire class, while
most at-risk children have been stimulated in their own school. Moreover, the intervention program
improved necessary abilities of children in the natural setting in which instruction is carried out and
was not perceived as a special rehabilitation training and might therefore facilitate a generalization
and integration of acquired skills to other school tasks.

Another limitation of the present study was the lack of a control group to assess the effectiveness
of the intervention. Thus, it is not possible to determine whether the observed improvements were
due to the stimulation program, to children’s maturation over time or to spontaneous learning. Future
studies should compare a treatment group with matched peers receiving either a placebo treatment
(i-e., “active group”) or no experimental manipulation (i.e., “passive control group”) to further evaluate
changes on children’s pre-writing skills. More research is needed to determine the impact of such
activities and games carried out in educational settings.

Third, the sample size of this study was rather small and divided in a two-school order (i.e.,
42 kindergarten children and 13 first graders). This heterogeneous distribution of participants
represents a further limitation of our study, because, particularly for the second group, the very few
subjects per condition (gender or risk band) solicit to interpret results with great caution. It is therefore
recommended for future research to include a larger sample size recruited from a larger geographical
area to achieve statistical inference. Moreover, studies including a larger number of boys and girls
may help to interpret gender differences in critical skills for handwriting acquisition. In addition,
the program should be tested with different clinical pediatric populations to better explain how specific
individuals respond to the proposed stimulation.

Finally, future studies should take into account the visual integrity of children to exclude that
some known disorder (e.g., uncorrected refractive errors, amblyopia or some other visual pathologies)
could affect children’s performances in the completion of visual-motor integration tests interfering
directly with visual input, which in turn may impact the processing and outputs. Eventually, it would
be prudent to introduce the assessment of children’s visual abilities as one of the exclusion criteria in
future researches.

Given our findings, we believe that future research should concentrate on the fine motor skills
in hand manipulation and their relation to executive functions. Furthermore, since it appears that
the amount of practice determines far-reaching outcomes, we think that future intervention programs
should be planned for longer periods of time. Although the amount of time required to learn specific
motor skills is largely unknown, preliminary evidence from other studies suggest that more practice
for longer periods of time might help in stabilizing changes over time [32]. For this reason, we
additionally suggest to test the long-term effects of stimulation training (beyond one month), to ensure
that the effectiveness will not diminish or dissolve over time. Finally, teachers should be guided and
trained in carrying out such activities and educational programs, so that they could take place on
a daily basis and reinforce direct and implicit learning.

Author Contributions: The authors contributed to the present work as follows: conceptualization, L.T.;
methodology, L.T., M.T. and D.U.; formal analysis, L.T., M.T. and C.L.; resources, L.T. and B.T.; data curation, L.T.;
writing—original draft preparation, L.T. and M.T.; writing—review and editing, L.T., M.T. and D.U.; visualization,
L.T., M.T. and C.L,; supervision, L.D., R.Z.S. and D.U. and funding acquisition, L.T. and B.T. All authors have read
and agreed to the published version of the manuscript.

’

Funding: This research was financed by the Free University of Bolzano-Bozen in collaboration with the “Claudiana’
College for Health Care Professions with the project number BW2057 and with an RTD position for LT.

Acknowledgments: Livia Taverna thanks the Free University of Bozen-Bolzano for supporting the Open Access
Publication of this work.

Conflicts of Interest: The authors declare no conflicts of interest.



Int. |. Environ. Res. Public Health 2020, 17, 2166 21 of 24

References

1. Lam, SS.T.; Au, RK.C,; Leung, HW.H.; Li-Tsang, C.W.P. Chinese handwriting performance of primary
school children with dyslexia. Res. Dev. Disabil. 2011, 32, 1745-1756. [CrossRef]

2. McHale, K.; Cermak, S.A. Fine Motor Activities in Elementary School: Preliminary Findings and Provisional
Implications for Children With Fine Motor Problems. Am | Occup Ther. 1992, 46, 898-903. [CrossRef]

3. Tseng, M.H.; Chow, S.M.K. Perceptual-Motor Function of School-Age Children With Slow Handwriting
Speed. Am. |. Occ. Ther. 2000, 54, 83-88. [CrossRef] [PubMed]

4. Marr, D.; Windsor, M.M.; Cermak, S. Handwriting Readiness: Locatives and Visuomotor Skills in
the Kindergarten Year. Early Child. Res. Pract. Internet ]. Dev. Careeduc. Young Child. 2001, 3, 1-16.

5. Smits-Engelsman, B.C.; Niemeijer, A.S.; van Galen, G.P. Fine motor deficiencies in children diagnosed as
DCD based on poor grapho-motor ability. Hum Mov. Sci. 2001, 20, 161-182. [CrossRef]

6. Graham, S.; Harris, K.R.; Herbert, M. It is more than just the message: Presentation effects in scoring writing.
Focus Except. Child. 2011, 44, 1-12. [CrossRef]

7. Graham, S.; Harris, K.; Fink, B. Is handwriting causally related to learning to write? Treatment of handwriting
problems in beginning writers. J. Educ. Psychol. 2000, 92, 620-633. [CrossRef]

8. Schneck, C.; Amudson, S. Prewriting and handwriting skills. In Occupational Therapy for Children, 6th ed.;
Mosby: St. Louis, MO, USA, 2010; pp. 555-580.

9. Taverna, L.; Tremolada, M.; Sabattini, F. Drawing and Writing. Learning of Graphical Representational
Systems in Early Childhood. In Proceedings of the 2nd International and Interdisciplinary Conference on Image and
Imagination; Cicalo, E., Ed.; Advances in Intelligent Systems and Computing book series (AISC); Springer
Nature: Berlin/Heidelberg, Germany, 2020; pp. 216-229.

10. Berninger, VW. Coordinating Transcription and Text Generation in Working Memory during Composing:
Automatic and Constructive Processes. Learn. Disabil. Q. 1999, 22,99-112. [CrossRef]

11.  Moore, R.L.; Rust, J.O. Printing errors in the prediction of academic performance. J. of Sch. Psychol. 1989, 27,
297-300. [CrossRef]

12. Holopainen, L.; Kofler, D.; Koch, A.; Hakkarainen, A.; Bauer, K.; Taverna, L. Ci sono differenti predittori
della lettura nelle lingue che hanno un’ortografia trasparente? Evidenze da uno studio longitudinale. J. Educ.
Cult. Psychol. Stud. 2020, 21, 1-22.

13. Jones, D.; Christensen, C.A. Relationship between automaticity in handwriting and students’ ability to
generate written text. J. Educ. Psychol. 1999, 91, 44-49. [CrossRef]

14. Troster, H.; Flender, J.; Reineke, D. Predictive validity of the Dortmunder Entwicklungsscreening fiir den
Kindergarten (DESK 3-6). Diagnostica 2011, 57, 201-211. [CrossRef]

15.  Vellutino, ER.; Scanlon, D.M.; Small, S.; Fanuele, D.P. Response to intervention as a vehicle for distinguishing
between children with and without reading disabilities: Evidence for the role of kindergarten and first-grade
interventions. J. Learn Disabil. 2006, 39, 157-169. [CrossRef] [PubMed]

16. Speece, D.L.; Schatschneider, C.; Silverman, R.; Case, L.P.; Cooper, D.H.; Jacobs, D.M. Identification of
Reading Problems in First Grade within a Response-To-Intervention Framework. Elem. Sch. J. 2011, 111,
585-607. [CrossRef] [PubMed]

17.  Goldstein, J.; McCoach, D.B.; Yu, H. The Predictive Validity of Kindergarten Readiness Judgments: Lessons
from One State. |. Educ. Res. 2017, 110, 50-60. [CrossRef]

18.  Cornhill, H. Factors that relate to good and poor handwriting. Am. ]. Occup. Ther. 1996, 50, 732-739.
[CrossRef]

19. Cameron, C.E.; Brock, L.L.; Hatfield, B.E.; Cottone, E.A.; Rubinstein, E.; LoCasale-Crouch, J. Visuomotor
integration and inhibitory control compensate for each other in school readiness. Dev. Psychol. 2015, 51,
1529-1543. [CrossRef]

20. Cameron, C.E.; Cottone, E.A.; Murrah, W.M.; Grissmer, D.W. How Are Motor Skills Linked to Children’s
School Performance and Academic Achievement? Child Dev. Perspect. 2016, 10, 93-98. [CrossRef]

21. Maeland, A.F. Handwriting and Perceptual-Motor Skills in Clumsy, Dysgraphic, and ‘Normal” Children.
Percept. Mot. Skills 1992, 75 (Suppl. 3), 1207-1217.

22. Tseng, M.H.; Murray, E.A. Differences in Perceptual-Motor Measures in Children with Good and Poor

Handwriting. Occup. Ther. |. Res. 1994, 14, 19-36. [CrossRef]


http://dx.doi.org/10.1016/j.ridd.2011.03.001
http://dx.doi.org/10.5014/ajot.46.10.898
http://dx.doi.org/10.5014/ajot.54.1.83
http://www.ncbi.nlm.nih.gov/pubmed/10686631
http://dx.doi.org/10.1016/S0167-9457(01)00033-1
http://dx.doi.org/10.17161/foec.v44i4.6687
http://dx.doi.org/10.1037/0022-0663.92.4.620
http://dx.doi.org/10.2307/1511269
http://dx.doi.org/10.1016/0022-4405(89)90044-7
http://dx.doi.org/10.1037/0022-0663.91.1.44
http://dx.doi.org/10.1026/0012-1924/a000053
http://dx.doi.org/10.1177/00222194060390020401
http://www.ncbi.nlm.nih.gov/pubmed/16583795
http://dx.doi.org/10.1086/659032
http://www.ncbi.nlm.nih.gov/pubmed/22058431
http://dx.doi.org/10.1080/00220671.2015.1039111
http://dx.doi.org/10.5014/ajot.50.9.732
http://dx.doi.org/10.1037/a0039740
http://dx.doi.org/10.1111/cdep.12168
http://dx.doi.org/10.1177/153944929401400102

Int. |. Environ. Res. Public Health 2020, 17, 2166 22 of 24

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

Volman, M.J.M.; van Schendel, B.M.; Jongmans, M.]. Handwriting difficulties in primary school children:
A search for underlying mechanisms. Am. J. Occup. Ther. 2006, 60, 451-460. [CrossRef] [PubMed]

Weil, M.J.; Amundson, S.J. Relationship between visuomotor and handwriting skills of children in
kindergarten. Am. J. Occup. Ther. 1994, 48, 982-998. [CrossRef]

Cameron, C.E.; Brock, L.L.; Murrah, W.M.; Bell, L.H.; Worzalla, S.L.; Grissmer, D. Fine motor skills and
executive function both contribute to kindergarten achievement. Child Dev. 2012, 83, 1229-1244. [CrossRef]
Becker, D.R.; Miao, A.; Duncan, R.; McClelland, M.M. Behavioral self-regulation and executive function both
predict visuomotor skills and early academic achievement. Early Child. Res. Q. 2014, 29, 411-424. [CrossRef]
Kulp, T.M. Relationship between visual motor integration skill and academic performance in kindergarten
through third grade. Optom. Vis. Sci. 1999, 76, 159-163. [CrossRef]

McPhillips, M.; Jordan-Black, J.A. The effect of social disadvantage on motor development in young children:
A comparative study. J. Child. Psychol. Psychiatry 2007, 48, 1214-1222. [CrossRef] [PubMed]

Tremolada, M.; Taverna, L.; Bonichini, S. Which factors influence attentional functions? Attention assessed
by KITAP in 105 6-to-10-year-old children. Behav. Sci. 2019, 9, 7. [CrossRef] [PubMed]

Feder, K.P; Majnemer, A. Handwriting development, competency, and intervention. Dev. Med. Child. Neurol.
2007, 49, 312-317. [CrossRef] [PubMed]

Hillier, S. Intervention for Children with Developmental Coordination Disorder: A Systematic Review.
Internet J. Allied Health Sci. Pract. 2007, 5, 1-11.

Zwicker, ].G.; Harris, S.R. A reflection on motor learning theory in pediatric occupational therapy practice.
Can. J. Occup. Ther. 2009, 76, 29-37. [CrossRef]

Brock, L.L.; Murrah, WM.; Cottone, E.A.; Mashburn, A.].; Grissmer, D.W. An after-school intervention
targeting executive function and visuospatial skills also improves classroom behavior. Int. J. Behav. Dev.
2018, 42, 474-484. [CrossRef]

Case-Smith, J. Effectiveness of School-Based Occupational Therapy Intervention on Handwriting. Am. J.
Occup. Ther. 2002, 56, 17-25. [CrossRef] [PubMed]

Parush, S.; Hahn-Markowitz, J. A Comparison of Two Settings for Group Treatment in Promoting
Perceptual-Motor Function of Learning Disabled Children. Phys. Occup. Ther. Pediatrics 1997, 17,
45-57. [CrossRef]

Case-Smith, ]. Fine Motor Outcomes in Preschool Children Who Receive Occupational Therapy Services.
Am. J. Occup. Ther. 1996, 50, 52-61. [CrossRef] [PubMed]

Ohl, AM.; Graze, H.; Weber, K.; Kenny, S.; Salvatore, C.; Wagreich, S. Effectiveness of a 10-Week Tier-1
Response to Intervention Program in Improving Fine Motor and Visual-Motor Skills in General Education
Kindergarten Students. Am. J. Occup. Ther. 2013, 67, 507-514. [CrossRef] [PubMed]

Lust, C.A.; Donica, D.K. Effectiveness of a Handwriting Readiness Program in Head Start: A Two-Group
Controlled Trial. Am. J. Occup. Ther. 2011, 65, 560-568. [CrossRef]

Ratzon, N.Z.; Efraim, D.; Bart, O. A short-term graphomotor program for improving writing readiness skills
of first-grade students. Am. . Occup. Ther. 2007, 61, 399-405. [CrossRef]

Jordan, G.; Michaud, E; Kaiser, M.L. Effectiveness of an intensive handwriting program for first grade
students using the application LetterSchool: A pilot study. J. Occup. Ther. Sch. Early Interv. 2016, 9, 176-184.
[CrossRef]

Taverna, L.; Bellavere, M.; Tremolada, M.; Santinelli, L.; Biffi, A.; Putti, M.C. Psycho-educational play supports
occupational activity in ALL children during hospitalization. Effects on children’s fine motor skills, HRQOL,
parents’ perception of the child. Int. |. Psychosoc. Rehabil. 2019, 23, 1-27.

Taverna, L.; Tremolada, M.; Bonichini, S.; Tosetto, B.; Basso, G.; Messina, C. Motor skill delays in pre-school
children with leukemia one year after treatment: Hematopoietic stem cell transplantation therapy as an
important risk factor. PLoS ONE 2017, 12, e0186787. [CrossRef]

Gelati, C. Female superiority and gender similarity effects and interest factors in writing. In Past, Present, and
Future Contributions of Cognitive Writing Research to Cognitive Psychology; Taylor & Francis: New York, NY, USA,
2012; pp. 153-174.

Adams, A.M.; Simmons, FR. Exploring individual and gender differences in early writing performance.
Read Writ 2019, 32, 235-263. [CrossRef]

Persky, H.R.; Dane, M.C; Jin, Y. The Nation’s report card: Writing 2002 (NCES 2003-529); National Center for
Education Statistics: Washington, DC, USA, 2003.


http://dx.doi.org/10.5014/ajot.60.4.451
http://www.ncbi.nlm.nih.gov/pubmed/16915876
http://dx.doi.org/10.5014/ajot.48.11.982
http://dx.doi.org/10.1111/j.1467-8624.2012.01768.x
http://dx.doi.org/10.1016/j.ecresq.2014.04.014
http://dx.doi.org/10.1097/00006324-199903000-00015
http://dx.doi.org/10.1111/j.1469-7610.2007.01814.x
http://www.ncbi.nlm.nih.gov/pubmed/18093027
http://dx.doi.org/10.3390/bs9010007
http://www.ncbi.nlm.nih.gov/pubmed/30626060
http://dx.doi.org/10.1111/j.1469-8749.2007.00312.x
http://www.ncbi.nlm.nih.gov/pubmed/17376144
http://dx.doi.org/10.1177/000841740907600108
http://dx.doi.org/10.1177/0165025417738057
http://dx.doi.org/10.5014/ajot.56.1.17
http://www.ncbi.nlm.nih.gov/pubmed/11833397
http://dx.doi.org/10.1080/J006v17n01_03
http://dx.doi.org/10.5014/ajot.50.1.52
http://www.ncbi.nlm.nih.gov/pubmed/8644837
http://dx.doi.org/10.5014/ajot.2013.008110
http://www.ncbi.nlm.nih.gov/pubmed/23968788
http://dx.doi.org/10.5014/ajot.2011.000612
http://dx.doi.org/10.5014/ajot.61.4.399
http://dx.doi.org/10.1080/19411243.2016.1178034
http://dx.doi.org/10.1371/journal.pone.0186787
http://dx.doi.org/10.1007/s11145-018-9859-0

Int. |. Environ. Res. Public Health 2020, 17, 2166 23 of 24

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

Salahu-Din, D.; Persky, H.R.; Miller, J. The Nation’s Report Card: Writing; U.S. Department of Education:
Washington, DC, USA, 2008.

Pargulski, J.R.; Reynolds, M.R. Sex differences in achievement: Distributions matter. Personal. Individ. Differ.
2017, 104, 272-278. [CrossRef]

Malecki, C.K.; Jewell, ]. Developmental, gender, and practical considerations in scoring curriculum-based
measurement writing probes. Psychol. Sch. 2003, 40, 379-390. [CrossRef]

Matarma, T.; Lagstrom, H.; Loyttyniemi, E.; Koski, P. Motor Skills of 5-Year-Old Children: Gender Differences
and Activity and Family Correlates. Percept. Mot. Ski. 2020, 127, 367-385. [CrossRef] [PubMed]
Venetsanou, F.; Kambas, A. Motor Proficiency in Young Children: A Closer Look at Potential Gender
Differences. SAGE Open 2016, 6. [CrossRef]

Morley, D.; Till, K.; Ogilvie, P.; Turner, G. Influences of gender and socioeconomic status on the motor
proficiency of children in the UK. Hum. Mov. Sci. 2015, 44, 150-156. [CrossRef]

Casey, M.B.; Nuttall, R.; Pezaris, E.; Benbow, C.P. The influence of spatial ability on gender differences in
mathematics college entrance test scores across diverse samples. Dev. Psychol. 1995, 31, 697-705. [CrossRef]
Jansen, P; Schmelter, A.; Quaiser-Pohl, C.; Neuburger, S.; Heil, M. Mental rotation performance in primary
school age children: Are there gender differences in chronometric tests? Cogn. Dev. 2013, 28, 51-62.
[CrossRef]

Lauer, J.E.; Udelson, H.B.; Jeon, S.O.; Lourenco, S.F. An early sex difference in the relation between mental
rotation and object preference. Front. Psychol. 2015, 6, 558. [CrossRef]

Levine, S.C.; Huttenlocher, J.; Taylor, A.; Langrock, A. Early sex differences in spatial skill. Dev. Psychol. 1999,
35, 940-949. [CrossRef]

Lippa, R.A ; Collaer, M.L.; Peters, M. Sex differences in mental rotation and line angle judgments are positively
associated with gender equality and economic development across 53 nations. Arch. Sex. Behav. 2010, 39,
990-997. [CrossRef] [PubMed]

Voyer, D.; Voyer, S.; Bryden, M.P. Magnitude of sex differences in spatial abilities: A meta-analysis and
consideration of critical variables. Psychol. Bull. 1995, 117, 250-270. [CrossRef] [PubMed]

Shea, D.L.; Lubinski, D.; Benbow, C.P. Importance of assessing spatial ability in intellectually talented young
adolescents: A 20-year longitudinal study. J. Educ. Psychol. 2001, 93, 604—614. [CrossRef]

Sugden, D.A.; Chambers, M.E. Intervention in children with Developmental Coordination Disorder: The role
of parents and teachers. Br. |. of Educ. Psychol. 2003, 73, 545-561. [CrossRef]

Beery, K.E.; Beery, N.A. The Beery-Buktenica Developmental Test of Visual-Motor Integration (Beery VMI) with
Supplemental Developmental Tests of Visual Perception and Motor Coordination and Stepping Stones Age Norms:
Administration, Scoring and Teaching Manual, 6th ed.; NCS Pearson: Minneapolis, MN, USA, 2010.
Henderson, S.E.; Sugden, D.A.; Barnett, A.L. Movement Assessment Battery for Children, 2nd ed.; Pearson
Psychological Corporation: London, UK, 2007.

Beery, K.E.; Beery, N.A. The Beery-Buktenica Developmental Test of Visual-Motor Integration (Berry VMI) with
Supplemental Developmental Tests of Visual Perception and Motor Coordination: Administration, Scoring and
Teaching Manual; NCS Pearson: Minneapolis, MN, USA, 2004.

Chinner, A.; Brown, T.; Stagnitti, K. The Reliability of Two Visual Motor Integration Tests Used with Children.
J. Occup. Ther. Sch. Early Interv. 2011, 4, 129-140. [CrossRef]

Biancotto, M.; Hirnstein, M.; Pelamatti, G.M.; Santamaria, T.; Zoia, S. Movement Assessment Battery for Children
Second Edition Standardizzazione Italiana; Giunti OS: Firenze, Italy, 2016.

Greenhouse, S.W.; Geisser, S. On methods in the analysis of profile data. Psychometrika 1959, 24, 95-112.
[CrossRef]

Maldarelli, ].E.; Kahrs, B.A.; Hunt, S.C.; Lockman, J.J. Development of early handwriting: Visual-motor
control during letter copying. Dev. Psychol. 2015, 51, 879-888. [CrossRef]

Psotta, R.; Brom, O. Factorial Structure of the Movement Assessment Battery for Children Test—Second
Edition in Preschool Children. Percept. Mot. Ski. 2016, 123, 702-716. [CrossRef]

Eddy, L.H.; Wood, M.L.; Shire, K.A.; Bingham, D.D.; Bonnick, E.; Creaser, A. A systematic review of
randomized and case-controlled trials investigating the effectiveness of school-based motor skill interventions
in 3- to 12-year-old children. Child Care Health Dev. 2019, 45, 773-790. [CrossRef]

Santangelo, T.; Graham, S. A Comprehensive Meta-analysis of Handwriting Instruction. Educ. Psychol. Rev.
2016, 28, 225-265. [CrossRef]


http://dx.doi.org/10.1016/j.paid.2016.08.016
http://dx.doi.org/10.1002/pits.10096
http://dx.doi.org/10.1177/0031512519900732
http://www.ncbi.nlm.nih.gov/pubmed/31959076
http://dx.doi.org/10.1177/2158244015626226
http://dx.doi.org/10.1016/j.humov.2015.08.022
http://dx.doi.org/10.1037/0012-1649.31.4.697
http://dx.doi.org/10.1016/j.cogdev.2012.08.005
http://dx.doi.org/10.3389/fpsyg.2015.00558
http://dx.doi.org/10.1037/0012-1649.35.4.940
http://dx.doi.org/10.1007/s10508-008-9460-8
http://www.ncbi.nlm.nih.gov/pubmed/19130205
http://dx.doi.org/10.1037/0033-2909.117.2.250
http://www.ncbi.nlm.nih.gov/pubmed/7724690
http://dx.doi.org/10.1037/0022-0663.93.3.604
http://dx.doi.org/10.1348/000709903322591235
http://dx.doi.org/10.1080/19411243.2011.595303
http://dx.doi.org/10.1007/BF02289823
http://dx.doi.org/10.1037/a0039424
http://dx.doi.org/10.1177/0031512516666072
http://dx.doi.org/10.1111/cch.12712
http://dx.doi.org/10.1007/s10648-015-9335-1

Int. |. Environ. Res. Public Health 2020, 17, 2166 24 of 24

70.

71.

72.

73.

74.

75.

76.

Axford, C.; Joosten, A.V.; Harris, C. iPad applications that required a range of motor skills promoted motor
coordination in children commencing primary school. Aust. Occup. Ther. J. 2018, 65, 146-155. [CrossRef]
[PubMed]

Marini, A.; Piccolo, B.; Taverna, L.; Berginc, M.; Ozbi¢, M. The Complex Relation between Executive Functions
and Language in Preschoolers with Developmental Language Disorders. Int. |. Environm. Res. Pub. Health
2020, 17, 1772. [CrossRef] [PubMed]

Liu, T.; Hoffmann, C.; Hamilton, M. Motor Skill Performance by Low SES Preschool and Typically Developing
Children on the PDMS-2. Early Child. Educ. ]. 2017, 45, 53-60. [CrossRef]

Duiser, LH.F,; van der Kamp, J.; Ledebt, A.; Savelsbergh, G.J.P. Relationship between the quality of children’s
handwriting and the Beery Buktenica developmental test of visuomotor integration after one year of writing
tuition. Aust. Occup. Ther. ]. 2014, 61, 76-82. [CrossRef]

van Hartingsveldt, M.].; Cup, E.H.C.; Hendriks, J.C.M.; de Vries, L.; de Groot, 1.].M.; Nijhuis-van der
Sanden, M.W.G. Predictive validity of kindergarten assessments on handwriting readiness. Res. Dev. Disabil.
2015, 36, 114-124. [CrossRef]

Halpern, D.E; Eliot, L.; Bigler, R.S.; Fabes, R.A.; Hanish, L.D.; Hyde, J. The Pseudoscience of Single-Sex
Schooling. Science 2011, 333, 1706-1707. [CrossRef]

Hirnstein, M.; Hugdahl, K.; Hausmann, M. Cognitive sex differences and hemispheric asymmetry: A critical
review of 40 years of research. Laterality 2019, 24, 204-252. [CrossRef]

® © 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).


http://dx.doi.org/10.1111/1440-1630.12450
http://www.ncbi.nlm.nih.gov/pubmed/29355982
http://dx.doi.org/10.3390/ijerph17051772
http://www.ncbi.nlm.nih.gov/pubmed/32182903
http://dx.doi.org/10.1007/s10643-015-0755-9
http://dx.doi.org/10.1111/1440-1630.12064
http://dx.doi.org/10.1016/j.ridd.2014.08.014
http://dx.doi.org/10.1126/science.1205031
http://dx.doi.org/10.1080/1357650X.2018.1497044
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Handwriting and Academic Success 
	Intervention Programs Duration and Gender Differences 
	Research Aims and Questions 

	Materials and Methods 
	Participants 
	Procedure and Research Design 
	Intervention 
	Measures 
	Statistical Analysis Plan 

	Results 
	Effects of the Intervention on Visual-Motor Integration and Fine Motor Skills over Time 
	Effects of the Intervention on different Risk Band Children 
	Effects of Gender on Visual-Motor Integration and Fine Motor Skills 

	Discussion 
	Conclusions 
	References

