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Importance of Chinese Handwriting (1)

= Background:

= In 2001/2002, 5-10% school-aged population in Hong Kong have
handwriting difficulty

= They experience difficulties in
= academic achievement
= social participation and integration

= [tis thus important for students to grasp proper
handwriting skills so that they are able to effectively
= Communicate with other
= Jot notes in a lesson
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Importance of Chinese Handwriting (2)

- Teaching children handwriting is a very important topic in
education

- It is a crucial step towards understanding the language

- Some studies found that there are additional benefits in learning
Asian characters

- Professor Chieh Li, from the department of counseling and applied
educational psychology, Northeastern University, found that Chinese
American students who read and write in characters also do extraordinarily
well on the SAT math test, and have an average score some 200 points
higher than non-Chinese, non-character writing students.

. It is observed that many Asian children educated in their own languages
appear to have gained a greater understanding of mathematical concepts
than English speaking children. It is believe that this is because these
concepts are embedded in their language at a very early stage in the
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Traditional Chinese Handwriting
Education

= Scenario;
1. Teacher writes a character on the blackboard

2. Students copy the character on the exercise book or trace the
strokes of the character on a copybook

3. Students write the same character|many|times as homework
exercise

4. | Teacher|evaluates the handwritings towhether the
characters are written| correctly

%
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=  Whatis the problem with this approach?



Limitations of Traditional Chinese
Handwriting Education
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feedback all the time




Limitations of Traditional Chinese
Handwriting Education (cont.)

No immediate feedback from the teacher when a
student is doing the handwriting homework

Too much manual work for the teacher to check all
students” handwritings

Sometimes not easy to spot broken and concatenated
strokes

Temporal information of the strokes is not kept for
handwriting on paper, thus teacher is unable to verif
the correctness in terms of the stroke order and stroke
direction of the student’s handwritings
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Virtual Assistant for Chinese
Handwriting Education (VACHE)

Department of
Computer Science
EREmAD

City University of Hong Kong




Our Contribution

Not only do we highlight the character that has
bad shapes, but we also try to detect more
challenging errors in missed/extra strokes, stroke
order, length and orientation of individual strokes

In addition to error detection, we also try to
identify the exact cause(s) of the error(s) in order
to provide useful feedback to the user
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Web-based Handwriting Education System

= Practice Chinese handwriting through electronic whiteboard
= Can check kinds of handwriting errors

= Can learn and

= Pattern recognition techniques are applied:

= Match strokes of a user’s handwriting character with the strokes
of a corresponding standard character (Template)

—> the user does not need to write in correct shape / stroke
sequence, which relaxes assumptions of some existing works

= Can check the handwriting errors automatically, with giving
appropriate feedbacks

= Enhance the students’ learning and reduce teachers’ workload
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System Flow Diagram
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Interface Design
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System from Student’s Perspective

Input Devices

chhe; r\;v;teers Input character
on the feeds into AFA
: for analysis :
| VM» Front-end web » | Back-end Automatic
I interface < Feedback and
- Receive Analysis (AFA) tool
fD'Zglayk Allow users to practice Feedback e )
e(;en tr?g (input character) using a from AFA Use Pattern Recognition
whiteboard tablet pen techniques to analyze the input
Tablet PC character with reference to a
Template character
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Front-end Web Interface

= [nclude an interactive whiteboard

= Allow users input character, and receive feedback from back-end
Automatic Feedback and Analysis (AFA) tool after analysis.

Template Exercise Box

Redo
Undo
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Close

“‘Analysis”
e button
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Back-end Automatic Feedback and
Analysis (AFA) Tool

= Apply Pattern Recognition techniques to match the
strokes of the input character with the strokes of the
template character

= Stroke correspondence is found by minimizing the
matching costs of the stroke pairs by Hungarian Method.

= The stroke matching result is then used for detecting
whether a handwriting error, stroke production error
and/or stroke sequence error, has been committed
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Handwriting
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Cost matrix

The matching can
be found by the
Hungarian
Method

Given a cost between
every stroke pair, the
stroke correspondence is
determined by a
matching function that
minimises the total cost
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Checking Stroke Order

= After determining the stroke correspondence, verify
whether the order of the strokes in the user’s character
also match with those in the template character

A @) a Q) a ®
B— 0o b— @ b— @
C C ©) C @
®
Template Character Student Character 1 Student Character 2

Stroke Correspondence:  Stroke Correspondence:
A-a, B-b, C-c A-a, B-b, C-c

Stroke Order: Stroke Department of
1213 / %mputer Science
ERADAL
City University of Hong Kong 1 6



Automatic Feedback on
Stroke Sequence Error

A minimal feedback method (Tsang and Leung 2004) is used to notify user about
the stroke sequence error

— Correct stroke sequence is animated by groups of correct stroke sub-sequences

Template Sequence

——

> > »E

-»[:-»E-»E
—

——

Input Sequence (wrong)

Minimal Feedback on = - { S
Stroke Sequence
Group 1 Group 2 Group 3
(black) (red) (green)
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Example Stroke Production Errors

Missing stroke error Concatenated stroke error
C2 5{5 1 1]
Extra stroke error Broken stroke error
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Checking Missing/Extra Strokes

* After determining the stroke correspondence, verify whether
there are missed or extra strokes in the student’s character

B—

C

Template Character

d

bf——'—‘—_—l

Student Character 1

Stroke Correspondence:

B-a, C-b

Missed stroke:
A

Student Character 2

Stroke Correspondence:
A-a, B-b, C-c

Extra stroke:
d
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Checking Broken Strokes

* Form student character instance(s) by merging neighboring
problematic strokes who do not have a match or whose
matching cost is high, then perform matching to identify the
type of error

B b Stroke Correspondence:
A-a, B-b, C-d
A \ “ a / C
—_— Problematic Strokes:
C d B,b,c
Template Character Student Character
b+c
\

. i Since roblematic strokes b

Since the character matching and ¢ a?e close to each other

provides goadirestt, itcanibess) — a form a character instance b ’

concluded that strokes b and ¢ merging these two strokesy
result from a broken stroke
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Checking Concatenated Strokes

* Form template character instance(s) by merging neighboring
problematic strokes who do not have a match or whose
matching cost is high, then perform matching to identify the

type of error

Stroke Correspondence: B b
A-a, B-b
A ——— 4d
Problematic Strokes: "E‘
B,C,b
Template Character Student Character
Since problematic strokes B B4C e ™\
and C are close to each other, ‘ Since the character matching
form a character instance by A\ |' - provides good result, it can be

concluded that stroke b results from

merging these two strokes
concatenating strokes B and C

21
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Automatic Feedback on
Stroke Production Error

e Stroke production error

— Missing/extra strokes (highlighted)
— Concatenated/broken strokes (circled)

Exercisi
Redo
| _Undo
mation
‘on
) off
| Close
= H—H + LAY
The stroke(s) 2.5 in the example is(are) missing 2 ‘ Analysis ‘
M The strokes 4.3 in the example should be broken oy
a 9 2 ei ! I =1
The strokes 4.3 in your handwriting should be concatenated »" o ‘) ‘ Submit J
A e

| Quit |

Feedback on Stroke Production Error

g ) Department of
Computer Science
EHAHAS

City University of Hong Kong 22




Paper Award
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Kai-Tai Tang and Howard Leung

Jor the paper
Reconstruction Strokes and Writing Sequences from Chinese Character Images

presented by
The Sixth International Conference on Machine Learning and Cybernetics
19-22, August 2007, Hong Kong
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Chinese Handwriting Assessment
System (CHAS)
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CHAS Project

* To standardize the norm of handwriting construct, an
objective, computerized assessment tool for assessing
handwriting legibility is necessary to account for the unique
characteristic of Chinese handwriting.

* In August 2008, we have started a project with the PolyU
team to develop the Chinese Handwriting Assessment
System (CHAS).

* We obtained the Quality Education Fund of HK$2,478,500 for
this project
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Handwriting Data Collection

= Some template characters are shown on the screen and
we collect handwritings of more than 1000 students from
6 primary schools by asking them to copy the characters
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Handwriting Record Loading
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Assessment of the Process of
Handwriting with CHAS Process

=  Quantitative analysis of the handwriting trajectory: the
data can be compared with the norm of the same age
students to screen their potential handwriting problem
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Assessment of the Handwriting
Accuracy with CHAS Product (1)

¢ Aim: to determine the handwriting accuracy by identifying
stroke production errors
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Assessment of the Handwriting
Accuracy with CHAS Product (2)
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Assessment of the Handwriting
Accuracy with CHAS Product (3)
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Assessment of the Handwriting
Accuracy with CHAS Product (4)
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Assessment of the Handwriting
Accuracy with CHAS Product (5)
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Normative Study

3¢ Alocal norm of handwriting construct of Hong
Kong students has been created

Estimated Marginal Means of Total time taken to copy 90 characters from the
template [second] (time of last point with pressure >0 - time of first point with
pressure >0)
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0.009
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Assessment of the Process of
Handwriting with CHAS Process

. Assessment report can be generated as PDF file
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Handwriting Samples

Normal primary student
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Data Analysis between Normal and SLD
students (1)

Time per character analysis
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Data Analysis between Normal and SLD
students (2)

* Number of characters exceeding the grids
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Data Analysis between Normal and SLD
students (3)

e Stroke sequence similarity

Correct stroke sequence analysis
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Computerized Handwriting Speed
Test System (CHSTS)



CHSTS Project

To determine the extra time allowance for students with
physical disabilities in public exam, a computerized
handwriting speed test system (CHSTS) is developed to assist

in assessing handwriting performance of secondary school
students

We obtained two grants of HKS470,000 in 2010-2012 and
HKS608,012 in 2014-2016 from the Hong Kong Examination
Assessment Authority for this project
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Handwriting Data Collection

 Some template characters are shown on the screen and we
collect handwritings of more than 300 S5 and S6 students from
6 secondary schools by asking them to copy the characters on
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Procedures of Assessment

All assessments were done with least disturbance to
participating schools possible

After liaison with principal and teachers, dates (5-6
hours, usually separated into 1-3 days) would be set up
for project team to complete the assessment

School was required to provide a quiet and large room,
other equipments (ex. Assessment tools, electronic
supplies) were brought by project team

All participation were voluntary, students and parents
were all informed and signed written consent before

assessment
Department of
Computer Science
iy o
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Procedure of Work

Each student was asked to copy two templates (one in
English & one in Chinese) for three times

Instruction was to copy as fast as possible with good
legibility

Three trials of copying to measure the variation of
handwriting performance due to fatigue or other factors

No rest time in between each trial, 15 minutes rest
between Chinese and English

The characters/words are randomized to prevent the
practice effect

Usually about 1 hour for a student to complete 3 trials of

Chinese and 3 trials of English
Department of
Computer Science
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Interface of Data Display
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Qualitative Analysis
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Handwriting Samples
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Scatterplot of ETA against Z-score of no.of words per minute (Chinese)

Extra Time Allowance Model
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Report Generation

20110924141744796 [Compatibility Mode] - Microsoft Word
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CODE:20110924141744796
NAME:TEST02
SCHOOL:TEST02

Chinese Handwriting

COMPUTERIZED HANDWRITING SPEED TEST EVALUATION REPORT

File Code Total Writing Writing Time for each | Total Word Number of Correct
Time(S) Speed(Word /Min) word(S) Written Wrong word Percentage

#4 309.05 25.04 3.7 129 76 41.09%

#5 270.16 28.87 2.6 130 74 43.08%

#6 242.63 3141 29 127 74 41.73%

ETA:20.70%

English Handwriting

File Code Total Writing | Writing Time for each | Total Word Number of Correct
Time(S) Speed(Word /Min) word (S) Written Wrong word Per 5

#1 299.40 27.79 216 124 17 8§6.29%

#2 297.56 2738 219 125 30 76.00%

#3 253.14 29.57 2.03 110 20 8§1.82%

ETA:20.29%

English Typing

File Code Total Typing Time for each ‘Word per min | Total word Number of Correct

Time(5) word (S) written ‘Wrong word Percentage

#7 0.48 0.48 125.00 1 1 0.00%

#8 0.22 0.22 267.86 1 1 0.00%

#9 0.50 0.50 12097 1 1 0.00%

#10 85.74 1.41 42.69 61 11 B81.97%

English (Australia)
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Smart Handwriting And
Recognition Platform (SHARP)
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SHARP Project

* We obtained two grants of HKS2,910,000 in 2017-2018 and
HKS1,453,600 in 2020-2022 from the Innovation and
Technology Fund (ITF)
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Motivation

According to Chapter 3 Integration Education from the Report No. 70
issued by the HKSAR Audit Commission on April 2018

— About 42,890 students with special educational needs (SEN) were studying in
mainstream primary and secondary schools in 2016/2017

— About 22% have Attention Deficit/Hyperactivity Disorder (AD/HD)
— About 18% of them have Autism Spectrum Disorders (ASD)
It is important to find out if children have specific reading and writing

difficulties, such that appropriate training or remedial adaptation could
be made to support their learning at school

Evaluation of handwriting by teachers and parents were found to be too
subjective and varied

We would like to develop an objective handwriting evaluation system,
with normative data available for comparison, to assess students who

may have handwriting difficulties
Department of
Computer Science
M e
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Technical Solution

 SHARP (Smart Handwriting Analysis and Recognition
Platform) aims to fulfill our goal by integrating a number of
technologies to form the solution:
— New hardware tablet
— Deep learning
— Cloud computing and storage

* SHARP thus offers an effective handwriting screening tool for
teachers and helps professionals such as occupational
therapists to better understand the underlying handwriting
problems of a student with special needs
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System Descrlptlon (1) - Equipment
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Ad-sized tablet
Paper template

Digital ink pen
Blue-tooth dongle (USB size)
Notebook or desktop




System Description (2) — Cloud Platform

[=]=] &
[ PendoSharp x  +
< C @ httpsy//sharp.pendo-idc.com +* @ 0 :

WELCOME TO SHARP

Smart Handwriting Analysis Platform (SHARP) is a
handwriting among pri

-mary students and screen out students with handwriting difficulties

E] Web-based S8, Multi-student test & Precise test data
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System Description (3) — Handwriting
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[ PendaSharp x 4+
(& @ https:;//sharp.pendo-idc.com/report/analysis/2/2 b g |G o H

PendoSharp Assessment -
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System Description (4) — Data Analysis

SIS

[) PendaSharp x  +
C & nhitps//sharp.pendo-ide.com/report/analysis/2/2 w BQ
Pendo! =

Handwriting  Data Analysis  ritten Error

ﬂ

Z-Score Mnormal M Require Attention M Urgent Attention @) Remark
?73[:2:;01 Time Pressure Legibility
Profile ID: N
46
Grade: 2
Grade 4 087

District: .
Hong Kong 0
Handedness: - - - -0.14 - [ ] .

Right 1 .08 -0.75 -0.67 0.9 -0.59
Date of Birth: 2 w14
2007/01
! B 242
CoreCenter:
Palyu
speed  Total Writing  Ground Air A/G SD of Time Pen SD of Pen Out of
P Time Time Time Ratio perword  Pressure Pressure Grid
L Boport Above -1 Below 1 Below 1 Below 1 1to-1 Below 1 1to-1 Below 1 Below 1
1to-2 1to2 : e 1t02
Below 2 sbove above 2 above 2 ;?ilgn 2, M2 eon )y Abowe? Above 2
Data list
Factors Performance Mean Standard Deviation Status
Speed (characters / min) 16.21 13.14 3.52 X,
Total Writing Time (min) 5m 33s 7m 23s 137.14 X,
Ground Time (min) 2m21s 3m 05s 59.1 25
Air Time (min) 3m12s 4m 18s 97.09 X,
A/G Radio 1.37 1.43 0.42 X,
Pen pressure 970.85 1591.2 256.84 S

SD of Pen Pressure 457.86 490.64 55.97 3 Department Of
SD of Time Per Word 1.48 2.51 114 = Com puter SCience

out of Grid 0 26.56 19.01 25 § ;% jﬁi Fﬁ j( é,li
City University of Hong Kong
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System Description (5) — Written Error

[=]=]
[) PendoSharp x  +
C @ nhtipsy//sharp.pendo-idc.com/report/analysis/2/2 # B0
Pendo! .

Handwriting  Data Analysis  Written Error

l Wrong Additional Missing Concatenated  Reversed Wrong - a
Stroke Stroke Stroke Stroke Stroke sequence Coidencied Remark

Name: i 1 None
17064A01
Profile ID: il 1 None
46 .
Grade: 5 Error Checking
Grade Lll x None
District:
Hong Kong = None
Handedness:
Right =4 1 None
Date of Birth:
2007/01 % rone
CoreCenter:
Polyu

5 g None

, ¥ 1 None
X 2nd Stroke: Concatenated Stroke

& None /

ﬂg None

& 1 None

= 2 None 1x 2x 3x ax Replay

B 1 1 None

Z 1 1 None

i 4 1 None

2 1 2 None

b z None
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System Descri

lon (6) — Report
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Data Collection

e Six schools were selected from four major regions in Hong
Kong

* Aclassin each grade was selected and all students in that
class were invited to participate the study

* 608 primary school students were recruited:
— 507 typically developing students
— 85 students with special educational needs Dl

as ASD, ADHD, SplLD, etc.
— 16 non-Chinese speaking students
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No. of males
No. of females

Age
Handwriting process
Ground time (min)

Norm Formation

Air time (min)
Air/Ground time ratio
Speed (words/sec)

SD of writing time per character
Pen pressure

SD of pressure

Handwriting product

Out of grid (no. of words)

Size (mm?2)

Wrong stroke (%)
Additional stroke (%)
Missing stroke (%)

Concatenated stroke (%)
Reverse stroke (%)
Wrong stroke sequence (%)

P.1 P.2 P.3 P.4 P.5 P.6 p
n (%) n (%) n (%) n (%) n (%) n (%)
56 (22) 47 (19) 36 (14) 42 (17) 35 (14) 33(13) .10
58 (22) 47 (18) 40 (16) 34 (13) 41 (16) 38 (15) 14
Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD)

6.99 (0.44) 8.05 (0.53) 9.13 (0.51) 10.13 (0.58) 11.15 (0.69) 12.11 (0.57)  <.001 **x*
5.35 (1.55) 4.92 (1.78) 3.19 (0.86) 2.94 (0.89) 2.45 (0.64) 2.1\0.48)  <.001 ***
ba—as AA—(a-aaa A-=a-ta—sal A-aa-ta—as A-Aa-fa—aad = <.001 ***
o . . O 1 %k %k %
Handwriting process improves from P.1 to 6 zogl
5.79 (2.04) 4.71 (2.44) 2.80 (1.05) 2.30 (0.88) 1.84 (0.61) 1.4 4 <.001 ***
1598.31 (230.95) 1652.54 (215.03) 1663.61 (196.44) 1560.13 (264.73) 1637.90 (233.86) 1534.77 (289.45) .003 **
511.00 (66.03) 497.06 (62.87) 500.17 (56.73) 493.62 (56.18) 476.96 (65.62) 483.91 (65.11) .006 **
32.21(19.18)  35.84(21.77)  25.13(18.42)  24.38(19.43)  19.14 (18.38)  16.46 (18.06) <.001 ***
86.52 (33.62) 58.27 (24.54)  52.06 (26.25)  37.47 (15.71) <.001 ***

74.97 (24.36)  61.40 (22.82)

% %k *k

33.39 (16.23)
42.13 (17.88)
13.98 (10.87)
26.26 (16.14)
3.80 (4.73)
22.68 (11.67)

35.96 (18.57)
38.54 (17.42)
15.53 (12.93)
28.56 (18.06)
4.54 (5.55)
21.18 (10.89)

25.12 (14.43)
25.93 (13.41)
13.79 (11.94)
26.22 (18.96)
2.02 (3.80)
20.99 (9.06)

24.89 (15.69)
22.91 (15.86)
15.91 (11.73)
31.39 (19.79)
3.31(9.64)
22.19 (11.38)

19.78 (12.42)
17.31 (11.07)
13.85 (10.32)
27.66 (19.43)
1.93 (3.49)
18.21 (9.86)

23.96 (15.09)

16.08 (12.15)

18.59 (14.20)

32.31(20.49)

1.78 (2.96)

17.61 (10.17)
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Deep Learning

* Deep learning technology using long short-term memory
(LSTM) under the Recurrent Neural Network (RNN)
architecture has been applied to analyze the legibility of the
students’ handwritings

* The system has been trained on thousands of collected
handwriting characters and the parameters have been fine
tuned with the aim to boost up the performance
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* Aspires to promote engineering education and groom engineering professionals

* Organise a series activities for secondary school teacher, students and their parents
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Bright Future Engineering Talent Hub

STEM Carnival cum
Student Project Exhibition
3-5Jul 2024

Summer Research Internship
Jul - Aug 2024

Engineering = Innovation x Collaborative Activities with

i L e e Entrepreneurship Engineering Societies
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Photos from Past Events

nogenerarw
ultNr:hng% PEyer D‘elnﬂ:;
Hﬁ!ﬁ::slﬁiﬁfﬁﬁgﬂ*ﬁ

[\ ¢
% ——Prof=STEVEN WANG

BOC LT401
- HERBALGY THEATRE

A o » 1ol
Department of

Computer Science

EREHT AR
City University of Hong Kong 6 6



https://www.youtube.com/watch?v=Z5oHmz9n77U&t=1174s

- BRICHTEUTURE » &
ENGINEERING TTALENTT [H]@l

[BEE 7 aciEE e

’ B!Jg‘ JnoA Jaauibu3j

% J%’
7

* STEM Challenge 2024 have rolled out and is currently accepting applications!

*  Summer Research Internship 2024 will accept application starting 5 February 2024!
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