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Abstract. The study used a computer-assisted assessment of children's drawings to investigate the 

relationship between schooling and fine motor skill development. 62 children from grade 1-6 performed 

specific drawing tasks (horizontal line, vertical line, square and circle) on a digital tablet. Six features, 

namely drawing time, velocity, vertical force, horizontal force, impulse of vertical force, impulse of 

horizontal force were extracted from the dynamic data of drawing. Further analysis showed that there was 

grade effect for some of these features. The results suggest dynamic data analysis could be a valuable tool to 

reveal the performance characteristic of fine motor ability development. 
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1. Introduction  

Handwriting is an essential fine motor skill that involves complicated functions. The development of 

handwriting begins with scribbling at an early age [1]. The ability to copy geometric forms is seen as an 

indication of writing readiness in the young child [2]. As the child develops, handwriting becomes more 

smooth and consistent. 

Visual Motor Integration (VMI) has been operationally defined as the ability to copy geometric shapes 

[3], and the Beery Developmental Test of Visual Motor Integration (the Beery VMI test) is often used for the 

assessment of children’s VMI skills [4]. Previous studies mainly focus on the analysis of the drawing product 

of participants who are required to copy figures with a pen/pencil on paper. Weil and Amundson [5] found 

that the kindergarten children who were able to copy the first nine VMI forms can copy more letters than the 

others. Marr and Cermak [6] concluded that VMI scores were significantly associated with handwriting for 

females. It is claimed that VMI is a useful predictor of handwriting performance in a group of first graders 

[7]. However, in those studies the information obtained was not comprehensive enough, in that the dynamic 

information in the drawing process was neglected. Furthermore, it is noticeable that the assessment was 

lacking in quantitative analysis, and subjective judgement and experience of researchers were highly relied 

on. 

The aim of the present study was to exploit a computerized evaluation method of the drawing movement 

development using dynamic data. We selected four typical VMI forms (horizontal line, vertical line, square 

and circle) as templates, and collected the drawing data with a digital tablet. 

2. Method 

2.1. Participants 

62 children from grade 1-6 were randomly recruited from a primary school. All children are right-handed, 

same mother-tongue and free from organic pathologies. The assent was obtained from the children and their 

parents. 
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Table 1. Distribution of number and age of participants 

 Grade 1 Grade 2 Grade 3 Grade 4 Grade 5 Grade 6 

Number  10 8 10 13 11 10 

Age(years) 6.200.42 7.870.99 9.000.47 9.840.80 11.800.98 11.700.82 

2.2. Instruments 

The children were required to execute the drawing task on a tablet using a standard shaped inkless pen. 

The drawing was restricted to a 7cm7cm square area. During the drawing process, the trajectory position 

(x-coordinate x i  and y-coordinate yi ) and the three-dimensional pen-plane contact force ( F ix , iFy  and iFz ) 

information were acquired by the tablet with a fixed sampling rate. 

Table 2. Performance parameters of the tablet 

Name Unit Value 

Voltage V 5 

Power mW 300 

Sampling Rate Hz 100 

Size of Writing Area cm2 77 

Position Resolution cm 0.01 

Force Range N 05 

Force Resolution  N 0.1 

2.3. Tasks 

Considering the different education levels of the participants, we selected four simple figures. The 

subject was required to execute figure copying task of drawing horizontal lines, vertical lines, squares and 

circles. Recognized as strokes, horizontal line and vertical line are basic components of drawing trajectory. 

Square task is to assess the ability of orientation control, and circle task is associated with curve drawing 

movement. 

2.4. Procedures 

The children performed the tasks in an environment that was similar to their normal conditions at school. 

Before the experiment, the subject exercised for several minutes until he/she got used to drawing on the 

tablet. Each task was executed at least ten times. The drawing displayed on-line on the screen of a computer 

which was linked with the tablet. 

2.5. Data Analysis 

The drawing data is represented as: 

,  

where n represents the sampling number, x i , yi , and F ix , iFy , iFz , are the x-coordinate, y-coordinate, 

force in X-axis, force in Y-axis and force in Z-axis at time i respectively. 

For the drawing data of each subject, six features were extracted. Then the mean feature values of the 

drawing by the children in the same grade were calculated. The features were 
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3. Results 

One-way ANOVA was carried out to recognize the features that better highlight the differences across 

grades. The p-values of ANOVA were shown in Table 3. The behavior along the grades of each features is 

reported in Fig. 1. 

 

 
Fig. 1: Influence of grade on features. 

 

Velocity increases significantly with grade in horizontal line drawing task (p=0.003), square task (p=0. 

005) and circle task (p=0.041). Participants performed greatest velocity to execute circle task. 

For drawing time, vertical force, horizontal force, impulse of vertical force and impulse of horizontal 

force, the features value fluctuated at a few grades. However, lower value of those features in grade 4-6 

compared to grade 1-3 were shown. The value of features for square task was higher than that of others.  

Significant effect of grade was found at horizontal force and impulse of horizontal force for four tasks. In 

contrast with horizontal force, vertical force has no significant grade effect. 

Table 3. Features identified by analysis of variance (ANOVA) 

Feature p-value Feature p-value 

Task: horizontal line   Task: vertical line  

Drawing time 0.038* Drawing time 0.196 

Velocity 0.003** Velocity 0.095 

Vertical Force 0.259 Vertical Force 0.228 

Horizontal Force 0.017* Horizontal Force 0.004** 

Impulse of vertical force 0.001** Impulse of vertical force 0.11 

Impulse of horizontal 

force 

0.001** Impulse of horizontal 

force 

0.017* 
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Task: square   Task: circle  

Drawing time 0.187 Drawing time 0.191 

Velocity 0.005** Velocity 0.041* 

Vertical Force 0.065 Vertical Force 0.067 

Horizontal Force 0.001** Horizontal Force 0.029* 

Impulse of vertical force 0.011* Impulse of vertical force 0.006** 

Impulse of horizontal 

force 

<0.001** Impulse of horizontal 

force 

0.006** 

Note: *p<.05, **p<.01. 

4. Discussions 

The study used a digital tablet to quantitatively measure the drawing movement of children. In the four 

tasks, children were required to draw on a square area with their preferred movement magnitudes and speed. 

Six features were extracted from dynamic drawing data. The relationships between features and schooling 

found in the study reflect there is an association between drawing skill and motor maturation. 

In this study, the drawing duration do not have a well-defined trend, but the lower value in the higher 

grades was observed. It is reasonable to assume that the children spent less time on drawing tasks when their 

movements become increasingly efficient. The results are compatible with the finding about the duration 

analysis of handwriting in Italian children [8]. 

Velocity was found to be an important indicator of drawing ability development. The experiment result 

about velocity is similar to previous studies. Schooling has influence over velocity development [9], and 

increased velocity across grade presents the proficiency and automation of motor skill [10]. 

Pen pressure variation was suggested to be an effective measure on handwriting difficulties. P.I. Khalid 

et al. [11] concluded there is no significant difference in mean pressure between poor writers and good 

writers, but pen pressure of poor writers is more variable than that of good writers. Unlike the studies which 

only focused on vertical force of the pen-plane contact force, we also acquired horizontal force and analyzed 

its trend. Our finding reflects horizontal force and impulse of horizontal force had significant grade effect for 

all tasks, while vertical force and impulse of vertical force did not. Although the source of the drawing 

characteristics is the pressure applied on the pen [12], there is no consensus on the development of pen 

pressure up to now [10]. More attention on the research of force variability should be directed to, since force 

control is an essential component of fine motor movement. 
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