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Background

Handwriting is a complex perceptual-motor skill that is dependent on the maturation
and integration of a number of cognitive, perceptual, and motor skills.

Aim

To examine the relationship between visual-motor skills and handwriting skills (HS)
in Arabic-speaking Egyptian children at the age of 4—6 years.

Patients and methods

Overall, 200 typically developing kindergarten and primary school Arabic-speaking
children, in the age range of 4-6 years, were tested using a constructed battery for
assessment of both visual-motor integration (VMI) and HS.

Results and conclusion

Performance on both VMI and HS tasks improved with age. Moreover, the older the
child was, the lesser the duration for completion of the tasks. Copying lines was
found to be the best predictor of copying letters, copying words, and copying
numbers. Reliability and validity of the designed VMI and HS assessment battery

proved to be excellent. VMI is an important prerequisite for Arabic HS.
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Introduction

Handwriting is a complex perceptual-motor skill that is
dependent on the maturation and integration of a
number of cognitive, perceptual, and motor skills
and is developed through instruction. It is an
academic skill that allows individuals to express their
thoughts and feelings and communicate with others

[1].

Handwriting development passes into steps. First the
child scribbles spontaneously, then scribbles using
direction (horizontal, vertical, circular), then
imitates other’s scribble (horizontal, vertical, and
circular) and then imitates lines (horizontal line,
vertical line, and circular line). This is followed by
copying (previously drawn) lines: horizontal line,
vertical line, circular line, and diagonal line [2]. A
child begins to print letters by first imitating
geometric shapes beginning with vertical strokes at
age of 2 years, followed by horizontal strokes at age of
2 years and 6 months, and then circles at age of 3 years.
Imitation and then copying of a cross occurs at 4 years,
copying a square occurs at 5 years, and triangle at 5
years and 6 months. The ability to copy geometric
shapes, especially oblique cross, is considered an
indication of writing readiness in young child, as it
requires crossing the body midline and has been
implicated as the root of reversal problems [3].
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Visual-motor integration (VMI) is the ability of the
eyes and hand to work together in smooth, efficient
patterns [4]. VMI consists of coordinating visual
perceptual  skills  together with  gross-motor
movement and fine-motor movement. It is the
ability to integrate visual input with motor output.
This is how individuals plan, execute, and monitor
motor tasks, such as threading a needle, tying shoe
laces, and catching or hitting a ball. It is also essential in
academic performance [5]. VMI is an important
variable to the child’s handwriting skills (HS),
particularly when copying or transposing from
printing material to cursive or manuscript writing
[4]. It has been observed that as patient’s ability to
copy the forms on the VMI increases, a concomitant
increase in ability to copy letters accurately is seen [6].

Handwriting involves the motor ability of holding and
manipulating the writing instrument, specifically the
pencil. It is important that hand muscles be matured
and developmentally ready for handwriting. Otherwise
the child will develop poor pencil gripping habits which
will affect his or her mastery of the writing tool [7].
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Children who do not succeed in developing proficient
handwriting are defined by some authors as poor hand
writers and by others as dysgraphic [8]. Dysgraphia is
characterized by difficulty in the production of legible
writing, in maintaining the quantity and speed of
writing demanded in class, or both. The number of
typically developing children who struggle with
handwriting  varies, with reported prevalence
worldwide ranging from 6 to 34% [9-11].

Words in Arabic are generally written from right to left
in a cursive script where the shape of the letter or
grapheme may be altered depending on its position in
the word, in either initial, medial, or final position.
Arabic letters also differ from each other depending on
the number and position of the dots appearing above or
below the letter. In the Arabic orthographic system, it
is relatively simple to associate graphemes or
letters to their corresponding phonemes (one-to-one
correlation) compared with the more complicated
orthographies such as those of English and German
which lack that simple one-to-one correlation [12-14].
The Arabic script has been adopted for use in a wide
variety of languages besides Arabic, including Persian,
Malay, and Urdu, which are not Semitic [15]. Many
studies were conducted to explore the relationship
between VMI and HS in English speakers
[6,16,17]. However, to the best of our knowledge,
such relationship was not addressed in Arabic-
speaking Assessing  Arabic-speaking
children handwriting performance in relation to
their visual-motor skills would highlight their
writing readiness which is a fundamental academic

skill.

countries.

The aim of this study was to examine the relationship
between visual-motor skills and HS in Arabic-
speaking Egyptian children at the age of 4-6 years
to evaluate the role of VMI as one of the essential
prewriting skills. Also the validity and reliability of the

proposed assessment tool was examined.

Patients and methods

Patients

This prospective study was conducted on a sample of 200
typically developing kindergarten and primary school
children (87 males and 113 females) in the age range of
4-6 years (mean: 5+0.61 years). Children were selected
from kindergarten and primary classrooms of
governmental, experimental, and private schools in
Mansoura City, Egypt, in which Arabic language is
taught as the primary language. Children with visual

impairments, cognitive impairments, language or

speech impairments, neurological, neuromuscular, or
musculoskeletal disorders were excluded from the study.

The study sample was divided into three groups as
follows:

(1) Group I. it composed of 90 children at
kindergarten level 1. Their ages ranged between
4 and 5 years. This group included 43 (47.8%)
males and 47 (52.2%) females.

(2) Group II: it composed of 90 children at
kindergarten level 2. Their ages ranged between
5 years and 5 years nine months. This group
included 36 (40%) males and 54 (60%) females.

(3) Group III: it composed of 20 children at grade 1
primary school. Their ages ranged between 5 9/12
and 6 years. This group included eight (40%) males
and 12 (60%) females.

Parents were asked to provide informed consent for
their children to participate in the study. The study was

approved by the ethics committee of the institution
(MS/119).

Methods

All children were subjected to general examination and
subjective evaluation for both language and speech to
ensure their feasibility to participate in the study. Two
formal assessment procedures were constructed for
assessment of both VMI and HS based on Egyptian

curriculum of kindergarten.

Assessment of visual-motor integration

The child was asked to copy 7 lines (including vertical,
horizontal, oblique, zigzag, oblique cross, perpendicular,
and diagonal lines), copy 7 two-dimensional geometric
shapes (including triangle, circle, square, oval, rectangle,
diamond, and pentagon), and color 6 geometric shapes
(including triangle, circle, square, oval, rectangle, and
star) using an unlined paper, a standard pencil, and
crayons without an eraser.

Assessment of handwriting skills

The child was asked to copy 8 Arabic dissimilar letters,
seven Arabic words varying in length (including
monosyllabic, disyllabic, and multisyllabic words),
and seven Arabic numbers (composed of 1, 2, and 3
digits) using a lined paper and a standard pencil
without an eraser.

In all copying tasks, the child was first shown the task
on the paper and asked to copy it without help. If failed,
the examiner drew/wrote it in front of the child and the
child was asked to imitate him. If failed, the child was



given the task as dots and asked to trace it by
connecting the dots. The score of each of these
copying tasks was based on four-point scale, ranging
from 0 to 3, where 3 was given when the child could
correctly copy the task without help, 2 was given for
correct imitation, 1 was given for correct dot-to-dot
tracing, and 0 if the child failed to perform the task. For
coloring shapes, two-point scale was used, where 2 was
given when the child could correctly color inside the
shape and 1 was given when coloring extended outside
the shape. Summation of scores of the 3 subscales of
VMI assessment gave rise to a total score of 54, whereas
summation of scores of the 3 subscales of HS
assessment gave rise to a total score of 66. The total
score for both VMI and HS assessments was 120
points. During both assessments, the child’s pencil
grip was observed, and the time for each task was

calculated for every child.

Testing the validity and reliability of visual-motor
integration-handwriting skKills assessment battery
Validity of VMI-HS assessment battery: It was measured
using content validity and internal consistency validity.

(1) Content validity (judgments’ wvalidity): Three
independent and experienced phoniatricians
were asked to judge the all items of the VMI-
HS assessment battery for its relevance to the
purpose for which it was meant.

(2) Internal consistency validity: It is a measure of
assessment battery homogeneity measured by
correlating each section subitems with the total
section score.

Reliability of VMI and HS assessment battery: This was
tested by the following:

(1) Test—retest reliability: The children were asked to
respond to the VMI-HS items twice with a 2-week
interval.

(2) Internal consistency reliability of VMI-HS
assessment battery: This was analyzed using
reliability coefficient a (Cronbach’s a) test.
Values of a are considered excellent when
a>0.9, good 0.8<a<0.9, and acceptable when
0.7<a<0.8.

Statistical analysis

The results were collected, tabulated, and analyzed
using SPSS  package, version 15 (SPSS inc,
Chicago, Illinois, USA). Qualitative data were
presented as numbers and percentages. Comparison
between groups was done by y*-test. F-test (one-way
analysis of variance) was used to compare between
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more than two groups. Pearson’s or Spearman’s
correlation coefficient was used to test correlation
between variables. P value of less than 0.05 was
considered to be statistically significant. Intraclass
correlation coefficient was used for estimating test
reliability. The reliability was scaled as follows: less
than 0 to 0.25, weak reliability; 0.25 to 0.75, moderate
reliability; 0.75 to less than 1, strong reliability; and 1,
optimum. Linear regression is a statistical method that
delineates the relationship between the independent
variable (VMI items) and the dependent variable (HS).
Based on the value of an independent variable,
coefficient of determination (denoted by %) is a key
output of regression analysis.

Results

Descriptive statistical analysis

Calculation of the duration of task completion

The duration taken for task completion was calculated
for each task of each group:

(1) Group I: the duration ranged from 1860 to 1985s
(mean: 1922.5+14.725).

(2) Group II: the duration ranged from 1465 to 1785's
(mean: 1625+27.42s).

(3) Group III: the duration ranged from 1220 to
1425s (mean: 1322.5+34.335s).

This means that the older the child, the lesser the
duration taken for completion of the tasks.

Observation of the pencil grip

A total of 20 (10%) children in the age range 4 years to 4
years 3 months demonstrated quadripod (four fingers)
pencil grip, 110 (55%) children in the age range 4 years -
5 years 9 months demonstrated static tripod pencil grip,
60 (30%) children in the age range 5 years - 6 years
demonstrated dynamic tripod pencil grip, and 10 (5%)
children at the age of 6 years demonstrated dynamic
quadripod pencil grip.

Comparative analysis

Comparison between the studied groups in their
performance in visual-motor integration assessment
Statistically significant differences were found among
the three groups (P<0.05) in their performance in
VMI assessment (Table 1). Group III children
showed the highest mean and SD, whereas group I
children showed the lowest mean and SD in all subtotal
as well as total scores. Regarding time taken for task
completion, the group III children showed the lowest
mean and SD whereas group I children showed the
highest mean and SD.
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Table 1 Comparison among the studied groups in their performance in visual-motor integration assessment

Group | (n=90) Group Il (n=90) Group Il (n=20) F P
Copying line 19.03+1.43 20.86+0.35 20.90+0.31 84.289 <0.001"
Copying line time 137.16+3.04 121.49+3.55 101.25+8.25 767.479 <0.001"
Copying shapes 16.50+2.08 19.81+0.76 20.65+0.67 133.443 <0.001"
Copying shapes time 178.37+3.68 169.57+6.84 127.00+6.37 692.763 <0.001"
Coloring shapes 7.69+1.30 9.23+1.10 9.65+1.14 46.063 <0.001"
Coloring shapes time 780.59+13.56 691.10+78.38 513.00+35.67 210.373 <0.001"
Visual-motor integration total time 1099.22+14.72 982.16+87.16 741.25+34.33 306.104 <0.001"
Visual-motor integration total 43.18+3.20 49.90+1.37 51.20+1.01 217.808 <0.001"

F=analysis of variance test. ~P<0.001.

Comparison between the studied groups in their
performance in handwriting skills assessment

Statistically significant differences were found among
the three groups (P<0.05) in their performance in HS
assessment (Table 2).

Correlative analysis

Using Pearson’s correlation (7), significant positive
correlations were found between total score of VMI
and total score of HS (P<0.05) in the three groups
(Table 3).

Validity and reliability of visual-motor integration-
handwriting skills assessment battery

Validity of visual-motor integration-handwriting skills
assessment battery

(1) Content validity (judgments’ validity): The three
independent and experienced phoniatricians
judged all items of the VMI-HS assessment
battery for being completely relevant to the
purpose for which it was meant.

(2) Internal consistency validity: It is a measure of
assessment battery homogeneity measured by
correlating each section subitems with the total
section score. Statistically strong correlation values

while medium

correlation values were found when 7=0.3-0.5.

There was a positive significant correlation of

each item and its subtotal score (Tables 4 and 5).

were found when =0.5-1,

Also, therewere significant positive correlations
between total score of VMI-HS and each of the
total scores of VMI (=0.841, P<0.001) and HS
(r=0.938, P<0.001).

Reliability of visual-motor integration and handwriting
Skills assessment battery

(1) Test-retest reliability: Test-retest of the copying
lines (r=0.522, P<0.001), copying shapes
(r=0.867, P<0.005), coloring shapes (r=0.881,
P<0.041), copying letters (r=0.577, P<0.003),

copying words (r=0.959, P<0.001), and copying
numbers (7=0.554, P<0.001) indicated excellent
reliability of the tested items. Also, the results of
test—retest of VMI subtotal score (=0.962,
P<0.003), HS subtotal score (7=0.948,
P<0.001) and VMI-HS total score (=0.942,
P<0.001) indicated excellent reliability of the
VMI-HS assessment battery.

(2) Internal consistency reliability of VMI-HS
assessment battery: It is an internal consistency
estimate of reliability of VMI-HS. This was
analyzed using  reliability = coefficient «
(Cronbach’s «a) test. Values of a are considered
excellent when @>0.9, good 0.8<a<0.9, and
acceptable when 0.7<a<0.8. The high alpha
values of copying lines (@=0.90), copying shapes
(@=0.92), coloring shapes (a=0.87), copying
letters (@=0.89), copying words (a=0.94), and
copying numbers (¢=0.88) in all subtotal scores
denotes intercorrelation between VMI-HS items.

Regression analysis

Stepwise linear regression analyses were used to
identify the strongest predictors of HS. Results
demonstrated that copying lines was the best
predictor of copying letters, copying words, copying

numbers, and total HS score as revealed by the higher
value (Table 6).

Discussion

The present study aimed at examining the relationship
between visual-motor skills and HS in Arabic-
speaking Egyptian children at the age of 4-6 years
as well as testing the validity and reliability of the
proposed assessment tool.

A sample of 200 typically developing kindergarten
Arabic-speaking children in the age range between 4
and 6 years was subjected to assessment of both VMI
and HS. Children were asked to copy lines and two-
dimensional geometric shapes and color geometric

shapes for the purpose of assessment of VMI. The
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Table 2 Comparison among the studied groups in their performance in handwriting skills assessment

Group | (n=90) Group Il (n=90) Group Il (n=20) F P
Copying letters 23.46+0.88 23.94+0.23 23.90+0.31 15.103 <0.001"
Copying letters time 57.61+3.06 53.73+3.68 43.25+5.20 132.200 <0.001"
Copying words 14.13+3.89 20.32+0.91 20.90+0.31 136.028 <0.001"
Copying words time 778.34+17.46 561.30+28.95 497.50+33.38 2127.805 <0.001"
Copying numbers 20.69+0.61 20.930.25 20.90+0.31 6.854 0.001"
Copying numbers time 55.66+3.19 51.17+2.13 40.25+4.13 242.525 <0.001"
Handwriting skills total time 891.61+18.63 666.67+27.42 581.00+33.66 2463.018 <0.001"
Handwriting skills total 58.27+4.43 65.20+0.88 65.80+0.41 133.390 <0.001"

F=analysis of variance test. **P<0.001.

Table 3 Correlation between total score of visual-motor integration and total score of handwriting skills in the three studied

groups

Visual-motor integration total score

Group |
r P

Group I Group Il

r P r P

Handwriting skills total score 0.562 <0.001"

0.861 0.019° 0.500 0.001"

r=Pearson’s correlation. *P<0.05. **P<0.001.

Table 4 Correlation between visual-motor integration total
and its subtotal score

Visual-motor integration total

score
r P
Copying lines 0.916 <0.001**
Copying shapes 0.804 <0.001"
Coloring shapes 0.354 <0.001"

Pearson’s correlation: 0<r>-1 means negative correlation, r=0
means no correlation and +1<r>0 means positive correlation.
P<0.001.

Table 5 Correlation between handwriting skills total and its
subtotal score

Handwriting skills total score

r P
Copying letters 0.504 <0.001"
Copying words 0.974 <0.001"
Copying numbers 0.358 <0.001"

Pearson’s correlation: 0<r>-1 means negative correlation, r=0
means no correlation and +1<r>0 means positive correlation.
P<0.001.

copying tasks were chosen based on the work of Beery
and Buktenica [18] and Van der Zee [19] who stated
that the ability to copy basic shapes including lines is an
indication of the extent to which an individual’s visual
and motor abilities have been integrated. Coloring was
considered as a part of manual dexterity development of
the child according to Will [20], and as one of visual
discrimination tasks according to Reynolds and
Pearson [21].

According to Klein ez a/. [22], imitation is achieved
before direct copying because during imitating, eye
movements are rehearsed while the task is being

demonstrated. To copy forms, a child must first be
visually aware of location and direction. This awareness
is made possible through voluntary eye movement in a
given direction. The child then proceeds to a
constructive realization of this location through arm
movements that correspond to the eye movements.

The use of unlined paper during VMI assessment was
supported by the work of Ritchey [23] who reported
that kindergarteners had difficulty copying shapes on
paper that used top, middle, and bottom lines. The use
of single base-lined paper during HS assessment was
supported by the work of Asher [24] who suggested
that beginning writers who had not mastered letter
formation should initially use paper with no lines or a
single baseline. Some authors [6,25] found that using
paper without lines increased the legibility of beginning
writers as they did not have to attend to the lines. On
the contrary, Daly ez a/. [16] concluded that there was
no significant difference in letter writing legibility
between students who used paper with or without lines.

The calculation of the duration taken for tasks
completion revealed that as age increased, the child
consumed lesser duration and also the performance
improved. This finding agreed with studies of Ziviani
[26] and Karlsdottir and Stefansson [27] who found
negative correlation between the age and time
consumed by children. As stated by Hill [28], this

would be expected owing to maturity and classroom
training which improve the HS of children.

Observation of the pencil grip for the studied children
revealed that the static tripod grip was the most
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Table 6 Linear regression for the relationship between visual-motor integration and handwriting skills

Copying letters

Copying words

Copying numbers Handwriting skills

total score
p r p r p r p r
Copying lines 1.160" 0.996 1.088" 0.977 1.064" 0.996 1.972" 0.998
Copying shapes 0.027 0.239° 0.045 1.036"
Coloring shapes 0.080 0.285 0.027 0.406"

Linear regression. 'P<0.05. “P<0.01.

observed at age 4 years to 5 years 9 months, although
quadripod  (four fingers) grip
predominated at the age of 4 years to 4 years 3
months. Similar results were reported by Benbow
[29] and Schneck and Henderson [30] who stated
that children initially use immature grasps (such as
four fingers and static tripod) when they first hold
pencils or crayons and then this progresses into mature
(such as dynamic tripod and dynamic quadripod) grasp
patterns. At the age of 5-6 years, most of the studied
children demonstrated dynamic tripod grip. The
dynamic quadripod grip was the most observed grip
at the age of 6 years. According to the work of Dennis
and Swinth [31], children acquired four fingers grip at
the age of 4 years and the tripod grasp typically
develops in children between the ages of 4 and 6
years, whereas Graham er a/ [32] found that
dynamic tripod was acquired at 6 years and dynamic
quadripod at 67 years [29]. The variation in the
reported prevalence of the four common grasp
patterns might be explained by differences in
teaching practices over time and changes in
emphasis in school curricula.

the immature

The readiness factors for mastering handwriting were
explored in several studies. VMI was found to indicate
readiness of formal handwriting instruction [6,33,34].
Beery and Buktenica [18] and Van der Zee [19] stated
that the ability to copy basic shapes is a prerequisite for
writing and an indication of the extent to which an
individual’s visual and motor abilities have been
integrated. The present study revealed significant
positive correlation between VMI and HS in
Arabic-speaking kindergarten children. Similar result
was obtained in a number of studies performed on
English-speaking children. Examples of these studies
are Sovik [35], Cornhill and Case-Smith [36], Daly
et al. [16], Volman ez al. [37], Feder and Majnemer
[38], and Klein ez a/. [22]. All these studies concluded
that VMI is a significant predictor of HS in young
students and that this relationship is more important in
early grades, particularly because young students tend
to rely more on visual feedback and motor information
to guide their movements to form and copy letters.

Sovik [35] found that VMI was the most significant

variable to a child’s HS, particularly when copying from
printing material. Volman ez al. [37] showed that good
fine motor coordination was the only significant
predictor of good handwriting and that poor
handwriting quality was particularly related to
deficits in VMI.

Stepwise linear regression analyses were used to identify
the strongest predictors of HS. Results showed that
copying lines was the best predictor of copying letters,
copying words, copying numbers, and total HS score.
This result agreed with that of Weil and Amundson [6]
who observed that as patient’s ability to copy the forms on
the VMI increased, a concomitant increase in ability to
copy letters accurately was seen. Letters and numbers are
comprised of vertical, horizontal, and diagonal strokes.
The ability to form these lines is an essential foundation

skill for the future development of printing [39].

Reliability and validity of the VMI and HS assessment
battery were tested and proved to be excellent. These
batteries can be used as baseline for future studies on

children with dysgraphia.

Conclusion

The VMI is an important prerequisite for Arabic HS.
Copying lines was found to be the best predictor of
copying letters, copying words, and copying numbers.
Reliability and validity of the designed VMI and HS
assessment battery proved to be excellent.

Limitations
This study was limited by its cross-sectional design and
small sample size.
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