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Why Text Analysis (1)

* The puzzles of a librarian:

-How can | determine the difficulty-level of a
book for certain children?

-How can | convince parents that the books |
recommend for their kids are appropriate for
the kids’ reading competence levels?
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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 | choose appropriate text
corresponding to my students’ ability levels?
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‘Example Text ---{EEIJJZE%(BI)

#f M AsmEmE T IBM &P

%7 Bl @ CEAREZLAERNEZMBEHRT - HEL—E]
Bmoh £ -

FHARE-—REALNATE A FASHEEM AR - BEAMEASH IR
REEA DB BRERHFII - THEERFX - SRR RETHFLT —
BB E—EERERE REAR - EXGERRI AR L LR F
BRAT  LERE RETHELET LY -

SRR AT B EEET ALSMUEA BN 238 - H—ef T T8
G FRBEBEETE -IBAZT ) BBPRE_RTFAELE Bl AIE
R BB EEL - HEER - HE20AENLERY " RgieBREREL | £
222" BE-F7 ARAEARET22H894& -

EoR BT TXKEAERZ BN 2R FRIFTMMEFZREANHE
fRe MBEA IR F1F8 GaaEHE  AAH TR  HHLHRE  KFT
UHEERGF - B ERAEFRAENEE  EANEAEREEACEINTHS -

@’l B &£ & % g &g X & National Taiwan Normal University
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‘Example Text---FEEk(B1-B2)

T 35

FAEETRARE F Mo B R ST ] B B AR SR T B R el L
fE H BT LSRR ARG T A R EE AR LGOS ER
R BEE > T&P|TIHEAEABBLHES bl ~ &~ #3348 FH
B EF L TR AET c FEES e R IHEENFIAT > HISA
B & TERKE A E ARG c REBCEE SARLTREILEAEEL - 0 E B ﬁﬁéﬁ?ﬁw
s F F FAT I LR A REY) AT R A A TR R AT — 2 -

Fieg RPN EEH -t EGE R —E4F 060 Ty R BIEAFE
WIEENT g EETIHFISIRA B LIRS > F R RSB AT e

4

RAEse o ARG -
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Comparison of téexts—numberof
-characters "

A F4R
CRIE-CFL | mMIbZEE | HEHKES | BAGY =3 | Chinesisch
A - ) = ohne Muhe
M 118 530 124 149 404 90
SD 68 221 57 99 20 42
B &4
CRIE-CFL | RINZE | HEt=E | ZEdx = S [ s
ST i ) - ohne Muhe
M 381 1372 258 402 236 127
SD 225 606 34 283 43 25

et - AL rRmmE BT aRIKE
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Why Text Analysis,(3) o

~+ 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 19% had increased fasting blood sugars.

[EEECRr |, PR A R AR IR

GG RIZER] BAE 2 - I AEMEEEE < 200 mg/dL ; 1 =&
H S < 150 mg/dL ; MK AR E A EEEE (LDL ) <100
mg/dL ; ﬁuﬁ*ﬁﬂaéiaﬂ)@ﬁs@mm) >45 mg/dL. AR
EALELRE W%ﬁﬁ %EH g fENGEL . BT ARG
. %ot RS . %é% e R,
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‘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.

@i B &£ & % g &g X & National Taiwan Normal University
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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

i

@-j B &£ & % g &g X & National Taiwan Normal University
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‘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
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Our techniques/tools for text a
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Proprocissing Tartual Fastura Analyzing Applleations
- CRIE 2.0
. Readability
General Linguistic Prediction
Features
—t WECAnN N - CRIE-CFL ——
1 Leveling
l Features for Text for e
CFL Learners
- CRIE-DK ——
HanParser Content/

Feature of Domain-

,L Specific Texts

Domain Analysis
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CHEARRISCE R eI B ERmEE &
Anahyses of texts written for natrve Chinese readers

Y ARSI B P2 AR EE EH
Analysis of texts written for leamers of Chinese

@ Mo EMERHA® - [EEA] SEENE [2EZEA] BEG B

Pothe ol Webweas M CaTae Ui penimy -, [ZEEZE] SESE E-mail : elearning.ntnu@gmail.com
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“Sung, ¥. T., Chen, 1. L, Cha, J. H, Tseng, H. C., Chang, T. H., & Chang, K. E. (2014). Constructing and walidating readability models: the method
of integrating multilevel linguistic features with machine learning. Behavior Research Methods, in press. DOI- 10.3758/513428-D014-D459-x

2. FMEE - R - FEW - =0F - B9FES - #ER - BET - EEE (2013) - T EoifEEs - SRRl - SERUREUERSE - SEOEER 55
(1) +75-106 -

.Chen, 1. L, Cha, J. H, Chang, T. H., Sung, ¥. T., & Hsieh, K. 5 [2012, Nowv). CRIE: A tool for analyzing Chinese text characteristics. Paper
presented at 42nd Annual Meeting of the Society for Computers in Psychology (SCiP 2012). Minnesota, USA_

-Sung, Y.-T., Chang, T.H., Chen, J.-L., Cha, 1.-H., Huang, C.-H., Hu, M_-K_, & Hsu, F.-Y. (2011, July). The construction of Chinese Readability Index
Explorer and the analysis of text readability. Paper presented at 21th Annual Meeting of Society for Text and Discourse Process, Poitiers,
France.
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Pre-processing: word segmentation

* The tool for word segmentation: WECAnN
(Word Extractor for Chinese Analysis)

» The tool for sentence parsing: HanParser.

@ B &£ & % g &g X & National Taiwan Normal University
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‘Computational methods involved

« Latent semantic analysis
Support vector machine
Word2Vector

Other statistical methods

@ B &£ & % g &g X & National Taiwan Normal University
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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.
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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.
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‘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.
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The prediction accuracy: Comparing
‘domain-general with specific features
o BREFIURFIE ; 3-9FRAER44105E. 3-9Fk B ARFTT25E

24 general features Social sciences Sciences
Accuracy 55.10% 49.35%

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.

Domain-specific Social sciences sciences
concepts
Accuracy 62.66% 75.91%

@-j B &£ & % g &g X & National Taiwan Normal University



The predicting accuracy of hybrid movdels

« 1441 3-9-grade social science artlcles 772 3-9-grade social smence articles,
941 1-12-grade Chinese articles

BARSURESC. f&. BR) 2754 V v \ 76.94
BABSURESC. f&. BA) 2754 \ 38.96
BARSURESC. &, BA) 2754 \ 43.1
BABSURESC. &, BA) 2754 \ 38.02
B SCRL SO 541 v V \ 77.26
(B SR SO 541 \ 82.62
EIP eSS E:N 541 \ 30.68
(B SR SO 541 N 17.74
(B SR SO 541 V \ 27.73
&R SR 1441 v v \ 73.98
&R SR 1441 V 70.02
&R SR 1441 \ 38.79
&R SR 1441 \ 34.56
g R SR 1441 v N 44.14
SEYES'E:N 772 v v \ 79.53
SEYES'E:N 772 \ 84.84
SEYES'E:N 772 V 35.62
SEYES'E:N 772 V 33.94

EEY=3'@N 772 v \ 39.51
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‘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 compliling texts within the same ability-level
or across ability levels.
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Comparison of téexts—numberof
-characters "

A F4R
CRIE-CFL | mMIbZEE | HEHKES | BAGY =3 | Chinesisch
A - ) = ohne Muhe
M 118 530 124 149 404 90
SD 68 221 57 99 20 42
B &4
CRIE-CFL | RINZE | HEt=E | ZEdx = S [ s
ST i ) - ohne Muhe
M 381 1372 258 402 236 127
SD 225 606 34 283 43 25

et - AL rRmmE BT aRIKE

@ B &£ & % ép §& K ¥ National Taiwan Normal University
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Comparison of textbooks—number of

A EFiR
CRIE-CFL | MIZE | #EHK=ESE | 2A+X =g | Chinesisch
A - = ohne Muhe
M 7 75 9 9 38 6
SD 6 40 6 7 8 3)
B Z#K
CRIE-CFL | MINZEs | MESfEE | ZASY =g | Chinesisch
A A = ohne Muhe
M 45 219 27 48 33 9
SD 31 107 8 40 8 4

et AL mmmE | B ARiRE

@ B &£ & % g &g X & National Taiwan Normal University



Within textbook ¢omparisons---2£Ef

e CFL textbook in France
—_

404 236

Characters SD 20 43

M 89 76

Two-character words SD 11 14
Sentences with complex M 16.13 8.32
structure SD 2.7 2.08

M 239 116

Content word SD 15 18
Sentences with complex M 19.13 8.63
semantic categories SD 6.09 2.85
Complex semantic M 6.52 2.66
categories SD 3.1 1.12
Positive conjunctions M 12.44 £
SD 4.27 4.27

B%f&mnn = ﬁﬂ1§“ﬁ%1ﬁﬁAA2£’f& 1 Taiwan Normal University
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‘Within textbook Comparlsons---h‘SZIjJZijéZ
CFL textbook in China

I

M 453 836
Characters
SD 125 255
M 61 127
Difficult words
SD 25 44
Two-character M 124 225
words SD 37 68
M 245 457

Content word
SD 70 151

C15%ikHIFE S BB E B RB2%

552
195
106
333
155
672
321

Taiwan Normal University

629
261
97
425
158
872
346

395
165
S7
301
103
616
230

1231 1612 1128 1776

1072
295
164
473
270
959
608
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_ Applications of text analysis (1)

» [Smart Reading Z:& = :E lintegrates text
leveling, adaptive testing, automated essay
scoring, and reading strategies training.

s R oi Welcome srdemo0303, Today is Tuesday, July 28, 2015 | Loegout | Help | English (United States)
martReading Home Book Search DACC ReadingPorifolio Research

| SmariReading

=] =L

martReading can help you :
r Understand your reading comprehension level
“r Find books that you like that also are at your reading
level
? Understand your mastery towards each book
F Practice different kinds of reading skills
; ’? Gradually improve your reading ability

M | am a publisher

@ 2015 College of Education e-Learning Lab. NTNU, All rights reserved

«
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Adaptive Education in the East-- qu\fucids bl
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Adaptlve education in the West- Pans

T R 'mu‘“—r:_‘ e A L :—rr':-.mm
T wﬂf-—_ﬁli"""_t -.n.:::.u-i,,*iiq-q-

“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

@ B &£ & % ép §& K ¥ National Taiwan Normal University
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Key components for adaptive education (1)

* Knowing students’ abilities/aptitudes

&3~
n

o ¢
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Key components for adaptive education“'(ZL

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

@ B &£ & % g &g X & National Taiwan Normal University



Key components for adaptive education (3_3 |

e

-I\/Iatching Students with appropriate
materials/ methods

Reader: 500C

Text: 500C

|

e
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Adaptive re‘a‘c‘ﬁng: Our approac
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Improved
Literacy

Match nhance the

= r r!
materials to a eader’s

- reading
S lel e strategies and
ability level

ability

CRIE: DACC: CASTLE:

Text leveling Adaptive reading Reading strategy

assessment teaching/learning
Chinese Readability Index Diagnostic Assessment of Computer Assisted Strategies
Explorer Chinese Competence Teaching and Learning Environment

@ B &£ & 2 #p & X 4 National Taiwan Normal University
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Diagnostic Assessment of Chinese

‘Competence (DACQC)

« Establish a reliable, valid, objective, and
efficient assessment tool of readers’ Chinese

comprehension competence.

|

« Suitable for grades 2to 9

@ B &£ & % g &g X & National Taiwan Normal University



Advantages of DACC (1)

{'* h

* Highly efficient and effective computerized
adaptive testing.

Randomly Select Get satisfactory End th
nd the
Selected initial Estimate ability  appropriate test measurement
: assessment
ltems items accuracy

B4

@ B &£ & % g &g X & National Taiwan Normal University
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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

@i B &£ & % g &g X & National Taiwan Normal University



CHINESE READABILITY INDEX. '
EXPLORER (CRIE)

An automated analysis tool for analyzing
features of Chinese text
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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.
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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.

i

@i B &£ & % g &g X & National Taiwan Normal University
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Examples of Features ki

Readab|l|ty analysis

[ CRIE Readability 1.0 | (]| SVM readability prediction 1.0 | (]| SVM readability prediction 2.0 |

Basic information

[1| Paragraphs |[]| Average paragraph length |

Word level

[I| Characters | D| Words | [I| Adverbs | O] | Verbs | [I| Type-token ratio | O] | Difficult words | [I| Low-stroke characters |

|:||. Intermediate-stroke characters | |:||. High-stroke characters | ] | Average strokes | C | Two-character words |

] | Three-character words |

Syntax level

[1| Sentences |[]| Average sentence length |[]| Simple sentence rati0'| ]| modifiers per NP |[]| Np ratio |

[ Average propositional phrase | []| Sentences with complex structure |[]| Parallelism |

[]| Average number of idioms each sentence |

Semantic level

[]| Content words |[]| Negatives |[]| Sentences with complex semantic categories |

[]| Number of complex semantic categories |[]| Intentional words |[]| Noun word density |

[]| Content word frequency in logarithmic | []| Average frequency of content word in domain in Logarithmic |

[J| Number of Idioms |[]| Standard Deviation of number of idioms |




Re ort off Ch!ne ewText Readability -
~s "" & a _—L..—..-———_"' T ‘y -

F o
]

# Readability analysis

* SVM readability prediction 2.0 = 2
Hreadability (grade level 1-6:elementary school, 7:junior high school,8:senior high school ) prediction of SVM. Currently, the SVM readability predication 2.0 model

uses the grade level system in Taiwan as its point of reference.

' Instruction : The diagnosis of the features in this report is based on the features you selected

Feature Namessmu n 'Words

1 021 = » » » s The value of the feature for the

¥ s

B analyzed text
Feature Definition = = = = = pTotal numbe
750 L]
° ° ° 300 AEEEEE
D f t f e o o The blue dots means the average of
e I n I IO n O the features in each level
250 L e
the Feature . 102
. sess s REERERERERERER R SR E) SPrmmmmmemsseeces——————i.
f The red dot-line means the value ¢f this feature for the analyzed text
== Gl G2 G3 G4 G5 G6 G7 G8
; A= =EE ¥ The vertical axis refers to théﬂade
levels (G1-G6 stand for the grade

levels in elementary school, G7 stand
for junior high school, GB stand for
senior high school)

# Single File Result

Ty v - == T T e Tm g



- CRIE-DK L% N ,4 “' i !

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

Research Group Members lD:‘ ‘P ssssss d:| | | sing-Up | Forgot Password? | Demo |
. Please select a system to login : ‘ S H ficih 3 || Eng H Indonesia H ot=9| |

» CRIE-DKiis suitable for a wide- | """ cus miysts of cants uricesn for astive Guiasse veodsrs |

range of extracurricular topics. P - W
The current model covers )

. . , | cRB-0R Amelysis of toxts by demain knowledge - |
Chinese, social studies, natural 2 — —

: d health. Th ~ Weckn & WaaParser ¥ |
science, and health. The range D YT EN IO Brom—

of readability covers grades 1 -
6, middle school, and high
school. Through using a corpus = e _
of 6230 textbooks, it has a e s
prediction accuracy rate of

76%.

ented at 42nd Annual Meeting of

@ B &£ & % ép §& K ¥ National Taiwan Normal University
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Computer Assisted étrategies Teaching and

Learning Environment (CASTLE) s

«

An intelligent tutoring system for reading
strategies

@ B &£ & % g &g X & National Taiwan Normal University



‘Modules of CASTLE i

V.o T

-"n’ r’ IJF"‘ "{/ -

Car pu1er-Ass esdrafrategt,es Teachmg and Leaming Envirenment, CASTLE

e e

Assessment and Teaching and Assessment and
Feedback System for Assessment System for Feedback System for
Summarization Information Integration Keyword Search

@ B &£ & % ép §& K ¥ National Taiwan Normal University



CASTLE
(Training)

Login

DACC

(Assessment)

Y &

Flow-chart of SmartReadi

i ¥

g

J

Book Database

Y

CRIE (Leveling)

_

Assessment
Results

( Recommend )

Reading List

Book
Publishers

Reading
Portfolio

Reading
Books

Summarizatio
n Assessment

]

Mgk g

f $g X & National Taiwan Normal University
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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

@-j B &£ & % g &g X & National Taiwan Normal University
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Applications of text analysis (2):AES-HAN

Automated Scoring and Automated Grammatical
Error Detection

i“ (]

Theory of

Chinese Written Corpus Teaching Writing

@ B &£ & % ép §& K ¥ National Taiwan Normal University
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The Characterlstlcs of AES-Han: s

* A large * Four * Develop error
collection of dimensions tagging
written texts for scoring: system for
centered on a e Content analyzing

1 single topic  Organization a0 hpes al

with learners Gt different
at different proficiency
proficiency * Words and levels

B Punctuations

@ I & 2 6 $g X 4 National Taiwan Normal University
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Preprocessing Feature Extraction Machine Learnin
B DTTE_ TSaurt bxfaction o _Yachine Leaming g
i o N :
| L . |
— ! ' > Organization [+ ! i
Tramning ! | Unknown Word | ! E i | Feedback _L C t
Documents : Extraction E i i i Model > ommen
: T Figure-of- o 3 i
| | ] 1 | 1
E | speech inie !
: : L | ’
| Word Lo ! Feature Value |
! . | (I 4 . . . I
E Segmentation | | E > Topic E | Discretization E
: | | =
| e o =
E | Sentence o l
1 t t . . ]
i | Part-of-Speech | | || Structure b Predicting !
> 1 ! JF’
E Tagglng ! ! v Model I Score
! 1 1 1! I
i L 18 i
: e Surface o !
| L . |
! | R TP :

____________ U S
e ) =TT e L. = ¢R - - T = o .
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T_he Flow Chart

Error

Erroneous

&N

v

Sentence

7~

Erroneous

= sentence examples

(Novice)

h

2

7~

Erroneous

- sentence examples

(Intermediate)

2

Erroneous

— sentence examples

(Advanced)

of A
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Corrected
Sentence
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Corrected
sentence examples
(Novice)

edback L,
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-
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Corrected
sentence examples
(Intermediate)

Corrected
sentence example

(Advanced)

ormal |
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ES-Han for Teaching Writi

»

Chinese
Written
Corpus
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AES-Han System Flowchart f
Student
v
Wéstseayan Witing Portfolio Need Hel p?
A 4
Select a y
A 4
\_ Qiides Witing
@‘7 Wi ti ng
Gonment Feedback
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"Han System Flowc.

Acher
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A/ ]
Essay Managenent
l ect” The Managenent Select” Geate a
of Assigned Essay” New Topi c”
fssign Title Al New Topic List

-

M ew
Sudents’ Essay
Portfolio

\ 4

Select A ass

\ 4

Wol e d ass
Report

\\Funct i ol

/ ) Syst em
\ H n

\

S udent Account
Managenent
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Need Hel p?

Manage
S udent
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AES-Han DEMO
[ Automated Essay Scoring for Han, AES-Han |
2.96.191:8081/AES-Han_NEW,/?AspxAutoDetectCookieSupport=1 w e =

$EE 2 B B BN L E R

Automated Essay Scoring for. Han, AES-Han

— | I'm a student I'm a teacher —

Ii? AES-Han can evaluate the overall quality of your writing, including the
purpose and the content, organization and structure, grammar as well as words and
punctuation.

G AES-Han can help you understand your writing proficiency and grammatical
errors. AES-Han can also help you develop the process of writing, including
drafting, organization and editing techniques. ¢

hem'changl 11{@gmail.com ‘
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