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Abstract 
This study investigated the effect of a visual memory training program on Chinese handwriting 
performance among primary school students with dyslexia in Hong Kong. Eight students of Grade 
2 to 3 who were diagnosed with dyslexia were recruited. All participants received six sessions of 
training, which composed of 30-minute computerized game-based visual memory training and 
30-minute Chinese character segmentation training. Visual perceptual skills and Chinese hand- 
writing performance were assessed before and after the training, as well as three weeks after 
training using the Test of Visual Perceptual Skills (3rd edition) (TVPS-3) and the Chinese Hand- 
writing Analysis System (CHAS). In comparing the pre- and post-training results, paired t-tests re-
vealed significant improvements in visual memory skills, as well as handwriting speed, pause time 
and pen pressure after the training. There was no significant improvement in handwriting accu-
racy or legibility. The improved visual memory and handwriting performance did not show a sig-
nificant drop at the follow-up assessments. This study showed promising results on a structured 
program to improve the Chinese handwriting performance, mainly in speed, of primary school 
children. The improvements appeared to be well-sustained after the training program. There is a 
need to further study the long-term effect of the program through a randomized controlled trial 
study. 
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1. Introduction 
Handwriting is a crucial task in academic studies and one of the most important means that determines the aca-
demic success of students in the Chinese educational system. Students in Hong Kong start their journey of writ-
ing since the preschool age. When they are promoted to primary education, over 50% of their time spent in 
school is involved with handwriting tasks [1]. Poor handwriting abilities may have adverse effect on students’ 
performance in school tests and public examinations. Apart from academic success, handwriting performance 
has long-term effects on students’ self-esteem [2]-[4]. 

1.1. Dyslexia and Its Relation to Handwriting Performance 
In the recently published DSM-V [5], specific learning disorder is the generic term used to describe the disord-
ers (including dyslexia) that are characterized by difficulties in learning which significantly affect academic 
achievement. The prevalence rate of dyslexia depends on the definition and criteria used, with estimates ranging 
from 3% to 10% [6] [7]. Both Chinese and English speakers with dyslexia have been reported to have difficul-
ties with visual processing and working memory [8]-[11]. Furthermore, visual memory may play a particularly 
crucial role among Chinese students due to the characteristics and complexity of Chinese characters. 

1.2. Visual Memory Skills in Relation to Reading and Writing Chinese Characters 
Writing systems can basically be divided into logographic (e.g., Chinese and Japanese) and phonographic sys-
tems (e.g., English). Previous research found that visual short-term memory (VSTM) plays an important role in 
reading logographic characters even in skilled adults, and it is most likely due to the increased demands in 
VSTM and visual attention required for processing complex visual features in logographic symbols [12]. Con-
sidering the logographic nature of Chinese characters which involve complex geometric configurations [13]-[15], 
it is reasonable to predict that visual memory would be particularly important for Hong Kong students to read 
and write traditional Chinese characters. An appropriate computerized intervention programme might bring en-
hancement in visual memory abilities among children with dyslexia, which would in turn improve their Chinese 
handwriting performance. For example, it has been found that time spent on playing video games is related to 
enhanced visual memory recall performances [16]. In another study, Grade one children with handwriting diffi-
culties showed improvements in handwriting time after participating in the Interactive Computerized Handwrit-
ing Training Program (ICHTP)—a training program on visual perception skills [17]. 

Visual memory (VM) is subdivided into three subsystems: visual sensory memory (VSM), visual short term 
memory (VSTM) and visual long term memory (VLTM). When a person sees a visual stimulus, visual informa-
tion is firstly registered in VSM. Higher level memory systems, VSTM and VLTM, draw upon VSM when 
consolidating the stimulus into more stable forms of memory [18]. The amount of information encoded in 
VSTM depends on the object discriminability, the amount of allocated attention, and its capacity [19]. However, 
the capacity of VSTM is limited, which lies in the range of three to four items in children between 5 to 10 years 
old [20]. There is evidence showing that the larger the capacity of VSTM for certain stimuli, the faster these 
materials can be learned; in other words, the faster they can be put into VLTM [21]. 

Change detection, defined by Pashler [22] as the ability to detect changes in briefly-presented visual display 
items, was applied as one of the principles in our training programme for improving VSTM in the present study. 
As reported by Angelone, Levin, and Simons [23], an increased ability in change detection tasks can bring about 
positive outcomes to the encoding and retaining of information in VSTM. Segmentation has also been found to 
be effective in improving VSTM capacity [21] [24], which reduces the complex visual information into less 
complex components for more efficient and accurate visual encoding. The acquisition of the visual chunking 
skills for the recognition of Chinese characters plays a critical role in character processing because young child-
ren discriminate written Chinese by stroke-patterns rather than strokes [25] [26], while vast majority of Chinese 
characters that are commonly used in Hong Kong can be segmented into two to three radicals via different 
means [27] (Figure 1). 

1.3. Purpose of the Present Study 
Children with dyslexia appear to have handwriting problems such as letter/segment formation, sequencing, 
orientation, and speed [28]. Prior research has largely focused on the reading problems of students with dyslexia  
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Figure 1. Different types of segmentation technique. 

 
and that the handwriting problems have usually been neglected [29]. The purpose of this study was to investi-
gate the effect of a specially-designed visual memory training program on the Chinese handwriting ability (in 
terms of handwriting speed, pen pressure, accuracy and legibility) among primary school students with dyslexia 
in Hong Kong. 

2. Method 
2.1. Participants 
Eight primary school children (4 boys and 4 girls) from Grade 2 to 3 were recruited by convenience sampling. 
Their age ranged from 7.21 to 8.97 years (M = 8.12 years, SD = 0.59 years). Seven of them were right-handed. 
They were diagnosed as having developmental dyslexia by local educational psychologists but no other impair-
ments. Four of them were at Grade 2 and the others were at Grade 3 in local schools in Hong Kong. They used 
traditional Chinese as the main modality for written expression. 

2.2. Outcome Measures 
2.2.1. Test of Visual-Perceptual Skills—Third Edition (TVPS-3) 
TVPS-3 was used to assess all of the visual perceptual skills concerned in this study, including VM. It is an in-
dividually administered, standardized test that assesses non-motor visual-perceptual skills [30]. The total test of 
TVPS-3 has been shown to have good test-retest reliability when used on children with learning disabilities (in-
traclass correlation coefficient (ICC) for the total test standard scores = 0.81). The ICC for the subtests ranges 
from 0.33 (Sequential Memory) to 0.78 (Form Constancy), and ICC for VM is 0.62, which is adequate for clini-
cal use [31]. 

2.2.2. The Chinese Handwriting Analysis System (CHAS) 
CHAS is designed for Chinese students with handwriting difficulties [32]. It is a computerized handwriting 
evaluation system developed to assess handwriting speed, pen pressure, handwriting accuracy, and character 
size. The CHAS consists of the Chinese Handwriting Assessment Tool (CHAT) and the Handwriting Analysis 
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System (HAS). The CHAT is developed to evaluate the handwriting process of each participant [14] [33] [34], 
while the data recorded in CHAT can be exported to HAS for further analysis of the handwriting product. The 
CHAT consists of a digitized writing board (WACOM Intuos 3 digitizer) to be used with an ink pen, which can 
capture the handwriting data such as pressure exerted on the writing board while a participant is writing on the 
grid paper. The participant is instructed to sit in front of the computer screen at a distance of 50 cm. A template 
consists of 90 commonly used Chinese characters at Grade 1 level selected from a list of Chinese Characters 
recommended for the subject of Chinese Language in primary schools in Hong Kong [34]. During the assess-
ment, characters with size of 26 and font type of Simsun are shown on the computer screen, and displayed in 9 
columns of 10 rows. The display sequence of the columns is randomized each time when the system is operated. 
Each participant is instructed to copy the 90 characters as quickly and accurately as possible on a piece of paper 
with a 9 × 10 grid pasted on the handwriting digitizer (Figure 2), while the characters should be readable and 
legible. Besides, they are asked to write just like what they used to write in daily life, and to write each character 
inside the grid accordingly and not to correct their writing if they write a character wrongly. 

CHAT provides the following information: 1) total writing time (s), 2) in-air time (s), 3) on-paper time (s), 4) 
the ratio of pause time to on-paper time, 5) speed (characters/min), 6) standard deviation (SD) of writing time 
per character (s), 7) pen pressure (Newton), and (8) SD of pen pressure. HAS provides the following informa-
tion:(1) accuracy rate, 2) total number of characters with stroke errors, 3) total number of characters which ex-
ceeded the grid, and 4) SD of the size of each character (mm). 

2.2.3. Parents’ Questionnaire 
Feedbacks from parents were collected through questionnaires completed one month after the six sessions of 
training program. Parents rated their level of agreement and commented on four main areas: 1) arrangement of 
the training program, 2) participants’ perceived motivation towards the training, 3) participants’ perceived per-
formance after the training program in (a) handwriting speed, (b) pen pressure, (c) accuracy, (d) legibility, and (e) 
visual memory ability, and 4) overall comments on the training program. 

 

 
Figure 2. The CHAS system is composed of a laptop computer with the software installed, 
a digitized writing board (WACOM Intuos 3 digitizer), an ink pen, and a grid paper. 
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2.3. The Training Program 
2.3.1. The Computerized Game-Based VM Training 
Design of the computerized training considered the format of change detection tasks and aimed to improve par-
ticipant’s memory capacity. In each session, the training contained four different categories of visual stimuli: 1) 
simple shape, 2) simple cartoon, 3) picture of a real object, and 4) number or Chinese character (Figure 3). A 
maximum of four visual stimuli were shown in each question of Categories 1 to 3. The training activities em-
phasized VM in relation to the size, shape, color, orientation and number of various visual stimuli. For Category 
4, each question was presented with one visually complicated Chinese character in terms of number of strokes, 
radicals and special configuration [8]. All the Chinese characters were of Grade two to three levels extracted 
from the teaching resources for students of the corresponding level from the Education Bureau of Hong Kong 
SAR [35]. 

The training program was designed as a PowerPoint presentation and the visual stimuli were displayed on an 
electric projector with a screen size of “43 × 33” at a distance of about four meters away from the participants. 
For each question, participants first viewed the question number presented at the center of the screen (Figure 4).  

 

 
Figure 3. Examples of questions in the computerized VM training program. 

 

 
Figure 4. Sample trial used in the computerized VM training program. 
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The stimuli were then presented for variable duration based on the categories and number of items in each slide. 
For Categories 1 to 3, with reference to previous studies on visual working memory [36]-[38], the duration for 
displaying the visual stimuli was set at 1000 ms for each item. Category 4 focused on the training related to vis-
ual sensory memory, and the display duration of each item was set at 50 ms [39]. 

After showing the visual stimuli, a retention slide (blank slide) was shown. For Categories 1 and 2, after a re-
tention interval of 1000 ms, several test displays were shown sequentially and one of them was the target item. 
Each test screen was displayed for 1000 ms and was accompanied by an alphabet. After viewing all test screens, 
a plain white screen was shown and the participants noted the answer (i.e., the alphabet accompanied with the 
target item) on an answer sheet. For Categories 3 and 4, participants had to write down the names of all the 
items displayed or the Chinese character shown. 

Verbal instructions were given to ensure the participants understand the questions before the session. There 
was no time limit for answering each question and the next question would be displayed only after all partici-
pants in the group had completed the question. No verbal rehearsal or discussion was allowed during the train-
ing. 

2.3.2. Chinese Character Segmentation Training 
The Chinese character segmentation training (Figure 5) was given in a worksheet format. Participants had to 
complete two pages of worksheets in each session. In each page, there were five Chinese characters extracted 
from a study of the Chinese characters recommended for the subject of Chinese language in primary schools 
[40]. The characters were decomposed into radicals highlighted with different colors. At the beginning of each 
session, the trainers first introduced the orientation and writing sequence of the radicals in the Chinese charac-
ters on the worksheet. The participants copied each character for five times in grids of size 8 cm × 9 cm to prac-
tice the segmentation technique. The level of difficulty increased with the number of radicals in each character 
across the training program. There were two radicals in each character in the first two sessions and three radicals 
in the third to the fifth sessions. In the last session, the number of radicals in each Chinese character varied from 
two to three. To ensure that the participants utilized the segmentation technique to encode the characters instead 

 
 

Figure 5. Examples of the Chinese characters segmentation training. 
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of writing familiar characters via recall from previous memory, the characters printed on the worksheets were of 
higher level of difficulty than normal Grade two and three level and appeared unfamiliar to the participants. 

2.3.3. Home Program Worksheet 
A home program in the form of worksheets was provided to strengthen the training effect of segmentation in ad-
dition to the training sessions. Participants were required to finish three pages of worksheets using the skills 
learnt in each session and submit them in the following session. 

2.4. Procedure 
This study was a pretest-posttest design with follow-up. To start with, ethical approval from the Human Subjects 
Ethics Committee of The Hong Kong Polytechnic University was obtained. Our team contacted non-governmental 
organizations including the Hong Kong Association for Special Learning Disabilities, Heep Hong Society and 
the Boys’ and Girls’ Clubs Association of Hong Kong to recruit students with dyslexia. After screening, parents’ 
consents were collected. The eight recruited participants were randomly allocated into two groups of four. 

Pre-training, post-training and follow-up assessments were administered to evaluate visual memory and 
handwriting performances using TVPS-3 and CHAS respectively. Participants were assessed a week before the 
first training session and a day after the last training session. The follow-up assessment was conducted three 
weeks after the post-training assessment. The six training sessions were conducted once a week in six consecu-
tive weeks. Each session lasted for an hour and consisted of two parts, including 30-minute computerized game- 
based VM training and 30-minute Chinese character segmentation training. The home program was arranged for 
the participants under parents’ guidance after each session. Parent questionnaires were given four weeks after the 
training program to evaluate the visual memory and handwriting performances of the participants. 

3. Results 
The eight participants took part in all training sessions and completed the pre-training and post-training assess-
ments. Seven of them finished the follow-up assessment which was conducted three weeks after the intervention. 
Descriptive statistics (including means and standard deviations) of the TVPS and CHAT items obtained in the 
three assessment sessions are shown in Table 1 and Table 2. Possible differences in the TVPS scores, hand- 
writing speed, pen pressure, handwriting accuracy and legibility between the three time slots—before, imme-
diately after, and three weeks after the training program, were checked using paired t-tests. 

3.1. Comparison of TVPS Outcomes 
Significant differences were found in the overall standard scores [t(7) = −5.59, p < 0.01] and the subtest scores 
of visual discrimination (VD) [t(7) = −2.49, p < 0.05], VM [t(7) = −2.39, p < 0.05] and figure-ground (FG) [t(7) 
= −3.33, p < 0.05] before and immediately after the training program (Table 1). No significant difference was 
demonstrated in the subtests of visual spatial relationship (p = 0.36), visual constancy (p = 0.24), visual sequen-
tial memory (p = 0.86), and visual closure (p = 0.21) before and after the training. Between the post-training and 
follow-up assessments, no significant difference was found in the TVPS scores except for spatial relation [t(6) = 
−2.56, p < 0.05] (Table 2). 

3.2. Handwriting Performance 
Comparing the results before and immediately after the training program (Table 1), significant differences were 
found in in-air time [t(7) = 2.55, p < 0.05], pen pressure [t(7) = 2.89, p < 0.05] and speed (characters per minute) 
[t(7) = −2.81, p < 0.05], while the difference in total copying time was close to significance (p = 0.08). No sig-
nificant difference was found in on-paper time (ground time) (p = 0.27), accuracy rate (p = 0.24) and number of 
characters with stroke errors (p = 0.27). When comparing the post-training assessment and the follow-up as-
sessment, no significant difference was found in all measured items (Table 2). 

3.3. Parents’ Feedback 
Eight questionnaires were collected from the parents of all participants after the six sessions of the training pro- 
gram. The results of the questionnaire are shown in Table 3. 
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Table 1. Means, standard deviations and results of paired t-tests on TVPS and CHAT measuring items at the pre-training as-
sessment and the post-training assessment. 

 Pre-training assessment (n = 8) Post-training assessment (n = 8)  

 Mean SD Mean SD t(7) 

TVPS (Scaled Score)      

Discrimination 9.13 3.91 12.38 3.93 −2.49* 

Visual memory 10.00 3.16 13.25 4.30 −2.39* 

Spatial relation 13.37 4.37 14.50 3.07 −0.99 

Form constancy 9.75 4.46 11.50 4.54 −1.28 

Sequential memory 9.88 2.59 10.13 3.18 −0.19 

Figure ground 9.88 4.49 12.00 5.29 −3.33* 

Visual closure 9.75 7.09 12.12 4.73 −1.38 

Overall standard score 99.50 11.63 112.38 15.15 −5.59** 

CHAT      

Copying time 676.95 241.96 573.45 207.69 2.07 

Ground time 218.18 77.18 194.96 67.37 1.19 

Air time 458.77 170.04 378.49 146.14 2.55* 

Pen pressure 1.12 0.63 0.84 0.47 2.89* 

Variation of pressure 0.81 0.33 0.63 0.28 2.14 

Speed (characters per min) 9.04 3.58 10.40 3.38 −2.81* 

Speed (time per character) 5.84 2.41 5.30 3.17 0.61 

Variation of speed (time per character) 6.40 5.38 6.81 6.48 −0.15 

Exceed grid 7.38 7.07 12.00 11.07 −1.73 

Character size 13.35 0.63 12.54 1.42 2.23 

Variation of character size 2.10 0.43 2.07 0.44 0.252 

Accuracy rate 0.84 0.07 0.80 0.14 1.27 

Stroke error 12.25 5.28 14.00 8.50 −1.19 
*p < 0.05; **p < 0.01. 

 
Table 2. Means, standard deviations and results of paired t-tests on TVPS and CHAT measuring items at the post-training 
assessment and the 3-week follow-up assessment. 

 Post-training assessment (n = 8) Follow-up assessment (n = 7)  

 Mean SD Mean SD t(6) 

TVPS (Scaled Score)      

Discrimination 12.38 3.93 11.00 4.32 0.31 

Visual memory 13.25 4.30 15.00 3.27 −1.49 

Spatial relation 14.50 3.07 16.43 3.05 −2.56* 

Form constancy 11.50 4.54 13.86 3.76 −2.35 

Sequential memory 10.13 3.18 10.29 3.20 −0.130 

Figure ground 12.00 5.29 12.57 5.22 −1.04 

Visual closure 12.12 4.73 11.57 4.43 0.16 

Overall standard score 112.38 15.15 114.43 15.52 −1.31 
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Continued 

CHAT      

Copying time 573.45 207.69 614.31 184.37 −0.74 

Ground time 194.96 67.37 221.33 73.19 −1.41 

Air time 378.49 146.14 392.97 117.13 −0.43 

Pen pressure 0.84 0.47 1.00 0.30 −0.88 

Variation of pressure 0.63 0.28 0.74 0.20 −1.04 

Speed (characters per min) 10.40 3.38 9.63 3.51 0.84 

Speed (time per character) 5.30 3.17 7.07 4.11 −0.98 

Variation of speed (time per  
character) 6.81 6.48 12.53 12.89 −0.96 

Exceed grid 12.00 11.07 10.86 9.92 1.19 

Character size 12.54 1.42 2.69 1.70 −0.14 

Variation of character size 2.07 0.44 3.08 2.19 −1.23 

Accuracy rate 0.80 0.14 0.79 0.83 0.14 

Stroke error 14.00 8.50 15.14 5.34 −0.48 
*p < 0.05. 

 
Table 3. Results of the parents’ questionnaire (n = 8). 

 Totally agree Agree Neutral Disagree Totally disagree 

Arrangement      

Appropriate time 37.5% 50% 12.5% 0% 0% 

Appropriate venue 75% 12.5% 12.5% 0% 0% 

Parent’s understanding      

Understood child’s handwriting problem 0% 62.5% 37.5% 0% 0% 

Understood method of improving handwriting abilities 12.5% 50% 25% 0% 0% 

Effectiveness of the training program      

Child’s handwriting accuracy improved 0% 100% 0% 0% 0% 

Child’s handwriting legibility improved 12.5% 62.5% 25% 0% 0% 

Child’s writing speed improved 0% 75% 12.5% 12.5% 0% 

Child’s pen pressure improved 12.5% 62.5% 25% 0% 0% 

Child’s visual memory improved 12.5% 87.5% 0% 0% 0% 

Engagement      

Child was motivated 62.5% 37.5% 0% 0% 0% 

Overall      

Satisfied towards the program 37.5% 62.5% 0% 0% 0% 

4. Discussion 
4.1. Basic Visual Perceptual Skills and Handwriting 
4.1.1. VM and Overall VP Performance 
Participants showed significant improvements in VM after the 6-week training program. This is consistent with 
previous studies on VM suggesting that children’s VM could be increased to a larger capacity for sustaining in-
dividual features in the integration of object percepts (e.g., [24]). A review has also suggested that change- 
detection is an effective training method for VM [18]. The results shown in the present study advocates that 
computerized VM training together with training on segmentation techniques is effective in advancing visual 
memory skills in children. Previous studies have shown that visual perceptual skills are often used in combination 
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in the real world; it is therefore expectable that the overall performance of visual perception could also be en-
hanced once the visual memory skills are improved through training. 

4.1.2. Visual Discrimination and Figure Ground Performance 
The other two subtests of visual perception skills, VD and FG, which were secondary outcome measures, should 
be examined carefully. The results showed that the improving effect of VM training was generalized to two 
non-trained domains, VD and FG. Interestingly, neither the computerized training nor the segmentation skill 
training required VD or FG skills. It therefore suggests that the improvement of VM have effects on the 
non-trained visual perceptual skills of VD and FG. A previous study on short term memory showed that an in-
creased VM capacity could affect the outcomes of VD task [41]. The improvement in FG is consistent with the 
study by O’Herron and von der Heydt [42], who suggested that FG organization is related to the process of object 
identification and STM is essential in continuous perception which is one of the key components in FG skills. 

4.2. Chinese Handwriting Performance 
There was a reduction in the total in-air time and pen pressure, and an increase in handwriting speed, when 
comparing the pre- with the post-training assessment. In-air time, the pauses in the flows of writing, has been 
suggested to be the time taken for the registration of character segments during writing [43]. Taking considera-
tion of the significant increase in memory subtest scores of the TVPS together with the significant changes in 
the CHAS outcomes, our results demonstrated that children could register segments of characters faster with 
improved visual memory skills after the training, and hence, shortened the pause time during writing. It is sug-
gested that children could, in turn, be able to produce more characters in a given period of time, thus increasing 
the handwriting speed. This is consistent with the findings of Tseng and Chow [1] that memory subtest scores of 
the TVPS were positively associated with the speed of handwriting Chinese characters for children in Grades 
two and six. No significant drop in performance in the outcome measures of CHAS within three weeks after the 
training illustrated that the improvement in handwriting speed, in-air time and pen pressure could be well- 
sustained for at least three weeks. 

However, there was no significant change across the training for the number of characters which exceeded 
grid, stroke errors and overall accuracy rate. This indicated that the improvement in visual memory skills alone 
might not cause any effect on the Chinese handwriting accuracy and legibility. Handwriting performance was 
affected by a constellation of skills, such as motor, visual-motor integration, cognitive and visual-perceptual 
processing [44]-[51]. Moreover, handwriting accuracy is highly related to the visual-motor integration skills as 
reflected by its high correlation with the scores of the Beery-Buktenica Developmental Test of Visual-Motor In-
tegration—5th Edition [52]. Training on VM skills alone for a relatively short duration might not be sufficient to 
produce improvement in handwriting legibility and accuracy. 

4.3. Qualitative Outcome—Parents’ Feedback and In-Session Observation 
Parents’ feedback was positive towards the VM training program. All the parents agreed that their children had 
improvement in handwriting performance in terms of accuracy after the training program, and 75% agreed that 
their children wrote faster, more neatly and performed with reduced pen pressure in writing tasks. Concerning 
the effects of the training program on VM, all the parents agreed that children had improved visual memory 
skills. All parents agreed (among which 62.5% strongly agreed) that children had high motivation towards the 
engagement of this training program. Most parents also reported their children were excited and eager to partic-
ipate in the program. Most of the participants commented the computerized training program was interesting and 
attractive. During the training, they were able to answer all the questions actively, showed great effort to attempt 
difficult questions and eagerness to improve their own performance. Gradual improvement on the computerized 
training in terms of number of correct answers and handwriting performance in terms of handwriting speed and 
pen pressure was observed in most of the participants. 

4.4. Implications 
The findings of this study have a number of implications for future practice. In Hong Kong, repetitive copying 
and dictation are the key strategies used by primary school teachers in order to enhance students’ handwriting 
performance [14]. The present study has shown that the application of segmentation techniques can have positive 
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impacts on handwriting. Therefore, it is suggested that this technique should be taken into consideration by pri-
mary school teachers as a guiding method in copying tasks for students who are identified with visual memory 
problems and suffering from handwriting difficulties. By doing this, students may be able to achieve higher 
competence in handwriting with less monotonous copying in relatively shorter time. Our results provided new 
insights to therapists that computerized game-based VM training can be adopted as a training tool to address the 
underlying issues of VM problems and hence facilitate the handwriting performance of primary school students. 

4.5. Limitations of the Present Study 
Some limitations and shortcomings of the present study are noted. There were a limited number of training ses-
sions and restricted length of retention period before the follow-up assessment. Furthermore, the cognitive abili-
ties which might have influences on the development of handwriting skills (including attention, reasoning skills, 
learning ability and motor skills) [53] were not assessed. Future studies should assess the cognitive abilities and 
motor skills which might affect the handwriting performance. Moreover, the current study has relatively small 
sample size and lacks a control group. A larger sample size should be recruited and a control group should be 
arranged in future studies to address reliability and validity issues. As we found pen pressure improvement in 
this training program, studies on pen pressure in relation to handwriting speed and VM skills are also recom-
mended. 

5. Conclusion 
This study investigated the effect of a specially-designed computerized VM training program on the Chinese 
handwriting performance of primary school children with dyslexia in Hong Kong. The VM training program 
showed a positive effect: a significant improvement was found in visual memory skills, as well as in handwrit-
ing speed (characters per minute), in-air time and pen pressure, and the effect sustained for at least three weeks. 
Participants enjoyed and actively took part in the interactive program. It is hoped that a controlled trial with a 
larger scale can be conducted in further investigations on the program effectiveness, so that new treatment 
measures in relation to VM of children with dyslexia can be developed. On the other hand, segmentation tech-
niques should be introduced to primary school teachers to provide an alternative option for teaching Chinese 
characters to children. 
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