
From Text Analysis to Text Learning: 
The Cases of SmartReading

•Yao-Ting Sung
•Department of Educational 
Psychology and Counseling



Why Text Analysis  (1)

• The puzzles of a librarian:
-How can I determine the difficulty-level of a 

book for certain children?
-How can I convince parents that the books I 

recommend for their kids are appropriate for 
the kids’ reading competence levels?



Why Text Analysis (2)

• The puzzles of a language teacher:
-Why do the textbooks with the same grade-

label have obviously different difficulty-level 
of texts?

-How can I choose  appropriate text 
corresponding to my students’ ability levels?



成功之路---跨越篇



滾雪球學漢語 (雪球)



Example Text ---成功之路(B1)



Example Text---雪球(B1-B2)



Comparison of texts—number of 
characters

A 等級

CRIE-CFL 成功之路 新時代華語 實用中文 雪球 Chinesisch 
ohne Muhe

M 118 530 124 149 404 90

SD 68 221 57 99 20 42

B 等級

CRIE-CFL 成功之路 新時代華語 實用中文 雪球 Chinesisch
ohne Muhe

M 381 1372 258 402 236 127

SD 225 606 34 283 43 25

備註：紅字為最高值，藍字為最低值



Why Text Analysis (3)
• The puzzles of a patient:

Facts about Diabetes
The diabetics need to control their blood sugar. They also need 
to control their blood lipid. The screening of those patients 
usually found they are involved with problems about body weight, 
blood pressure, and fasting lipid and glucose levels. 57.8% of 
patients had increased lipid levels, 56.8% were overweight, 35% 
were hypertensive, and l9% had increased fasting blood sugars.

慎選飲食，控制好糖尿病友的血脂

…血脂的控制目標為：血總膽固醇＜200 mg/dL；血三酸
甘油酯＜150 mg/dL；血低密度脂蛋白膽固醇（LDL）＜100 
mg/dL；血高密度脂蛋白膽固醇（HDL）＞45 mg/dL。飲食調整
重點包括：體重控制、總油脂量、飽和脂肪酸、單元不飽和脂肪
酸、多元不飽和脂肪酸、膽固醇、纖維質攝取量等。



What is text analysis?

• Analyzing the characteristics of text, such as 
styles, topics, difficulty, …et al., through the 
features in texts, such as, word, syntax, 
semantics and cohesion.

•



The evolution of text analysis

• From single level of features to multilevel of 
features

• From qualitative to quantitative
• From domain-general to domain specific
• From user-independent to user dependent



Our approach for text analysis

• Text mining techniques for multi-level, 
multiple linguistic features

• Combining linguistic features with statistical 
techniques and machine learning for 
readability indices



Our techniques/tools for text analysis



CRIE—Homepage



Pre-processing: word segmentation

• The tool for word segmentation: WECAn 
(Word Extractor for Chinese Analysis)

• The tool for sentence parsing: HanParser.



Computational methods involved

• Latent semantic analysis
• Support vector machine
• Word2Vector
• Other statistical methods 



Findings and lessons learned (1)

• In terms of predicting the difficulty of texts, 
accuracy of multi-level features based 
predictions outperform those of uni-level-
based prediction.



Findings and lessons learned (2)

• For L1 and L2 reading materials, few 
features, specifically word level features, are  
powerful predictors for the difficulty of CFL 
texts. 



Findings and lessons learned (3)

• Domain-general linguistic features are not 
sufficient for predicting the difficulty level of 
domain-specific texts. 

• For some fields, domain-specific features 
may be good enough, however, for some 
fields, integrating domain-general and 
domain-specific features may be more 
powerful than suing domain-specific features 
only.



The prediction accuracy: Comparing 
domain-general with specific features

24 general features Social sciences Sciences
Accuracy 55.10% 49.35%

Domain-specific 
concepts 

Social sciences sciences

Accuracy 62.66% 75.91%

• 教科書文本範圍：3-9年級社會科1441篇、 3-9年級自然科772篇。

Sung, Y. T., Chen, J. L., Lee, Y. S., Cha, J. H., Tseng, H. C., Lin, W. C., Chang, T. H. 
& Chang K. E. (2013). Investigating Chinese Text Readability: Linguistic Features, 
Modeling, and Validation. Chinese Journal of Psychology, 55(1), 75-106.



The predicting accuracy of hybrid models

文本數 國文科詞表 社會科詞表 自然科詞表 準確率(%)

混合型文本(國文、社會、自然) 2754 √ √ √ 76.94

混合型文本(國文、社會、自然) 2754 √ 38.96

混合型文本(國文、社會、自然) 2754 √ 43.1

混合型文本(國文、社會、自然) 2754 √ 38.02

國文科文本 541 √ √ √ 77.26

國文科文本 541 √ 82.62

國文科文本 541 √ 30.68

國文科文本 541 √ 17.74

國文科文本 541 √ √ 27.73

社會科文本 1441 √ √ √ 73.98

社會科文本 1441 √ 70.02

社會科文本 1441 √ 38.79

社會科文本 1441 √ 34.56

社會科文本 1441 √ √ 44.14

自然科文本 772 √ √ √ 79.53

自然科文本 772 √ 84.84

自然科文本 772 √ 35.62

自然科文本 772 √ 33.94

自然科文本 772 √ √ 39.51

• 1441 3-9-grade social science articles, 772 3-9-grade social science articles,  
541 1-12-grade Chinese articles



Findings and lessons learned (4)

• Teachers/textbooks editors are not skillful in 
decoding the ability (difficulty)-level of 
curriculum standards (e.g., CEFR), they 
showed obvious disagreement/contradictions 
in compiling texts within the same ability-level 
or across ability levels. 



Comparison of texts—number of 
characters

A 等級

CRIE-CFL 成功之路 新時代華語 實用中文 雪球 Chinesisch 
ohne Muhe

M 118 530 124 149 404 90

SD 68 221 57 99 20 42

B 等級

CRIE-CFL 成功之路 新時代華語 實用中文 雪球 Chinesisch
ohne Muhe

M 381 1372 258 402 236 127

SD 225 606 34 283 43 25

備註：紅字為最高值，藍字為最低值



Comparison of textbooks—number of 
difficult words

A 等級

CRIE-CFL 成功之路 新時代華語 實用中文 雪球 Chinesisch 
ohne Muhe

M 7 75 9 9 38 6

SD 6 40 6 7 8 5

B 等級

CRIE-CFL 成功之路 新時代華語 實用中文 雪球 Chinesisch
ohne Muhe

M 45 219 27 48 33 9

SD 31 107 8 40 8 4

備註：紅字為最高值，藍字為最低值



Within textbook comparisons---雪球

• CFL textbook in France
CEFR A2 B1-B2

Characters M 404 236
SD 20 43

Two-character words M 89 76
SD 11 14

Sentences with complex 
structure

M 16.13 8.32
SD 2.7 2.08

Content word M 239 116
SD 15 18

Sentences with complex 
semantic categories

M 19.13 8.63
SD 6.09 2.85

Complex semantic 
categories

M 6.52 2.66
SD 3.1 1.12

Positive conjunctions M 12.44 8.16
SD 4.27 4.27

B等級的語言特徵值顯著低於A2等級



Within textbook comparisons---成功之路

• CFL textbook in China
CEFR A1 A2 B1 B2 C1 C2

Characters
M 453 836 1231 1612 1128 1776

SD 125 255 552 629 395 1072

Difficult words
M 61 127 195 261 165 295

SD 25 44 106 97 57 164

Two-character 
words

M 124 225 333 425 301 473

SD 37 68 155 158 103 270

Content word
M 245 457 672 872 616 959

SD 70 151 321 346 230 608

級
C1等級的語言特徵值顯著低於B2等
級



Applications of text analysis (1)

• 「Smart Reading 慧讀，會讀」integrates text 
leveling, adaptive testing, automated essay 
scoring, and reading strategies training.



Adaptive Education in the East-- Confucius



Adaptive education in the West- Paris  

“At School in the Year 2000” A futuristic image of learning as 
depicted on a postcard from the World’s Fair in Paris, Circa 
1899 Image Source: Wikimedia Commons
Curtsey: Phil McRae



Key components for adaptive education (1)

• Knowing students’ abilities/aptitudes



Key components for adaptive education (2)

• Knowing the difficulty level of  teaching 
materials and methods for students



Matching Students with appropriate 
materials/ methods

Text: 500CReader: 500C

Key components for adaptive education (3)



Adaptive reading: Our approach

CRIE:
Text leveling

DACC:
Adaptive reading 

assessment

CASTLE:
Reading strategy 
teaching/learning

Match 
materials to a 

reader’s 
ability level

Enhance the 
reader’s
reading 

strategies and 
ability

Improved 
Literacy

Diagnostic Assessment of 
Chinese Competence

Chinese Readability Index 
Explorer

Computer Assisted Strategies 
Teaching and Learning Environment



Diagnostic Assessment of Chinese 
Competence

• Establish a reliable, valid, objective, and 
efficient assessment tool of readers’ Chinese  
comprehension competence.

• Suitable for grades 2 to 9



Advantages of DACC (1)

• Highly efficient and effective computerized 
adaptive testing.

Randomly 

Selected initial 

Items

Estimate ability

Select

appropriate test 

items

Get satisfactory 

measurement 

accuracy

End the 

assessment



Advantages of DACC (2)

• Vertical diagnosis for locating a student’s 
grade of reading competence.

• Horizontal diagnosis for various 
dimensions of competence:
-vocabulary
-sentence comprehension 
-main ideas and gist
-inferential comprehension 



An automated analysis tool for analyzing 
features of Chinese text



Advantages of  CRIE (1)

• An integrated reading psychology, 
linguistics, and machine learning text 
readability analytic system

• Multilevel analyses: Includes lexical, 
syntactic, semantic, and cohesion 
levels.



Advantages of CRIE (2)

• Comprehensive, power, and valid quantitative 
indicators for texts of native-, non-native  
Chinese speakers.

• Indicators valid for domain general, domain-
specific, and hybrid domain texts.  



Examples of Features



Graphical Analysis

41

Reading Level

Word Counts

Definition of 
the Feature



CRIE - DK

• CRIE-DK uses natural research 
language and domain-specific 
terms to establish a new 
readability model for leveling 
online materials.

• CRIE-DK is suitable for a wide-
range of extracurricular topics. 
The current model covers 
Chinese, social studies, natural 
science, and health. The range 
of readability covers grades 1 –
6, middle school, and high 
school. Through using a corpus 
of 6230 textbooks, it has a 
prediction accuracy rate of 
76%.



An intelligent tutoring system for reading 
strategies 

Computer Assisted Strategies Teaching and 
Learning Environment (CASTLE)



Modules of CASTLE

Assessment and 
Feedback System for 
Keyword Search

Teaching and 
Assessment System for 
Information Integration

Assessment and 
Feedback System for 
Summarization



Flow-chart of SmartReading

Login

CASTLE
(Training)

DACC
(Assessment)

Assessment 
Results Reading 

Portfolio

CRIE (Leveling)

User

Book 
Publishers

Book DatabaseBook Database
g

Recommend 
Reading List

Reading 
Books

Summarizatio
n Assessment



Partners of Research and Practices 
• Chi Mei Hospital

• Hyweb Technology Co. Ltd.

• ISF Academy in Hong Kong

• International Schools of China, Hong Kong, Singapore, 
and South Korea

• Parenting Magazine

• National Academy for Educational Research

• Taipei E-learning Education Center, Taipei 
Government

• United Daily News
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AES-Han

Chinese Written Corpus

Automated Scoring and Automated Grammatical 
Error Detection

Theory of 
Teaching Writing

Applications of text analysis (2):AES-HAN



Grading

• A large 
collection of 
written texts 
centered on a 
single topic 
with learners 
at different 
proficiency 
level

Scoring

• Four 
dimensions 
for scoring:
• Content
• Organization
• Grammar
• Words and 

Punctuations

Error Tagging

• Develop error 
tagging 
system for 
analyzing 
error types at 
different 
proficiency 
levels

The Characteristics of AES-Han:





The Flow Chart of AES-Han for Teaching Writing 



AES-Han System Flowchart
Student

Need Hel p?Wr i t i ng Por t f ol i o

My Por t f ol i o

Wr i t e an 
Essay

Sel ect  a 
Ti t l e

St ar t  
Wr i t i ng

Wr i t i ng 
Feedback

Scor e and 
Comment

Gr ammar  
Hel per

Essay 
Sampl e

Wr i t i ng 
Gui des

Logi n Syst em 
Funct i on



acher
-Han System Flowchart



AES-Han DEMO
「Automated Essay Scoring for Han, AES-Han」



he Introduction of System Function for Student



Writing Guides



Writing Exercise



Writing Feedback-Score and Comments



Writing Feedback-Grammar



Writing Feedback-Essay Samples



Writing Portfolio



he Introduction of System Function for Teacher



Student Account Setting



Essay Management



Custom A New Writing Topic



Assign Essay



Review Students’Essay



Add Teacher’s Comment



Revise Grammatical Errors
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