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EIAE H3Hd (Text Cohesion)!

| od
HAE HEP0[Er?
-Ell A E e (Text Cohesion)2 HIAES F/d3tA
A 20T RS0 o8] HHE
THHOZ EHAEO| YL HAE Lyof
B2ASHA MAIE == (arguments), HIAE
X| Al O (discourse markers), & At(connectives)

2| A0St H 2450 2l A E (Halliday &
Hasan, 1976; Graesser, Jeon, Yan, & Cai, 2007; Graesser, Singer, &
Trabasso, 1994; Sanders & Matt, 2006).

-hebA, Jeig2 O2fet QoA 450 7|8

o
SHMEl HIAE O Cf$H HE A (representation) 2 2
HolE = AS T =], 2016)




2020-01-08

YA &35 2020 &H Workshop

[ ]
m
ot

Mot 2
oo (>

of M
oL
|0
u

I

B

At

o o

—~ J-l—
& M0 ry2ro0x
>
oo%tol o 0x
'
=
$0
Ral
=
I'|-II N
1A
|0
HU
=
o
1A

>t
z NMH
e’
>
Mo
N
N
Q
&)

ZAreox  oxolo
ot

> 1> QI

logA
Moo
Not
0x

HT
il
O
i

fot

0)al

jill

:\||:

ilm

|0

Hu

, 2016)
A|Off LtEfCt
H

Af

of
ackground knowledge)0fl 7|2raf =4 &
Eof oot o2 HOlE &= QUZ(Graesser,
Jeon, Yan, & Cai, 2007)

F>
o™
=
J=

>

|m
ol
s
lm

~

Mo Jdox 0OHo

10
|

\ChA| 2513, A0 SNL HAE |6t
J H (text-based information)2t O|3HXt2| HiZ
XMool &= &g A0 2N & -dE (Graesser,
McNamara, Louwerse, & Cai, 2004)

A = A
& AHZA(linguistic linking)2 2|0|st1
2 SYE2 HAE LJof| EXYSt= A0 A
AtO| AHH K| A (prior

o| A= X|& 2 (Taboada, 2004)
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CjE kO Ol AlZ| 0] E =™ K|S0| IAE

Hotda 20| QAS(Graesser Jeon, Yan, & Cal

2007; Halliday & Hasan, 1976)
CEHAE HEYL HAE O[sfo] B
McNamara, & Louwerse, 2003)

e
<
_I_>ﬂ_

I'
TH

=~

= & (Graesser,
cEHIAE Hold2 HIAEE O|8|SH=
A=(Snow, 2002)
sie, HIAE ™o 2 w0 A0M 523t

2Halof O &f Y (McNamara, Louwerse, McCarthy,
& Graesser; Jeon, 2008)

o|r

247} T}

— -

McNamara et al. (1996)

* They examined how text cohesion interacts with readers’ prior
knowledge

* Findings (reverse cohesion effect, O'Reilly & McNamara, 2007)

* Hi 8h knowledge readers are more likely to be benefit from low cohesion

* Low-knowledge readers are more likely to be benefit from high cohesion
(HL) text

High-knowledge Low-knowledge
readers readers
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O|X|= 2&HQ0l @A0|7| 20
AoOjdE|ef A E2 O Moy Y EN
EXE M S5 S HAE0| HHo|
I:H_cl’_l'l E|'%I:O|_I' ;E‘ |k| g‘_r"%l'(Halliday&Hasan,

1976; Kintsch & Van Dijk, 1978; Knott & Dale, 1994; Knott, Sanders,
Oberlander, 2001; Long, Wilson, Hurley, & Prat, 2006; Sanders &

Noordman, 2000)

[ = o_l_
SEEEEE

-Halliday & Hasan (1976)
« & X Hehd(reference cohesion)
« CHX|2F A 2F Mot (substitution and ellipsis cohesion)
« %] ™M2td(lexical cohesion)
« & HeHd(conjunction cohesion) e

*Graesser, McNamara, & Louwerse (2003)
s S & & X (co-reference), T2 E EHA{(given-new cues),
=&AL 2 A (verb tense), SAE Al K| (verb tense), &'H
H 2l (scene changes), #X||0(headers), TX|-=(topic
sentences), 7H5 Bl(punctuation), T=AFEZ HEA|(signals
of rhetorical structure)
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‘Halliday & Hasan(1976)

<Xt ™3t (reference cohesion)

> Q1% AE Yo
Three blind mice, three blind mice.
See how /ey run! See how #/¢y run!

S89| 0f

Halliday & Hasan(1976)

K| H 3t (substitution cohesion)

My axe is too blunt.
I must get a shaper ore.

M 2f ot (ellipsis cohesion)
Joan brought some carnations, and Catherine some
sweet peas.

2020-01-08
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Halliday & Hasan(1976)

«0{%| M&td(lexical cohesion)

>0{z/tte
There was a large mushroom growing near her, about the same height as
herself; and, when she had looked under it, it occurred to her that she
might as well look and see what was on the top of it. She stretched herself
up on tiptoe, and peeped over the edge of the mushroom,...

>4l FHof
Henry’s bought himself a new Jaguar. He practically lives in the car.

SERSEINS
*Halliday & Hasan(1976)

« ™ & Hetd(conjunction cohesion)

For the whole day he climbed up the steep mountainside, almost without

stoppmg
And in all this time he met no one. (£-7F A

For the whole day he climbed up the steep mountainside, almost without

stopping.
Yet he was hardly aware of being tired. (22| <5 Ab)

For the whole day he climbed up the steep mountainside, almost without

stopping.
So by night time the valley was far below him. (212} T Ab

For the whole day he climbed up the steep mountainside, almost without

stopping.
Then, as dusk fell, he sat down to rest. (A|ZF & A
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*Graesser, McNamara, & Louwerse(2003)

« 5= & & (co-reference)

He was eating an apple.
The color of the apple was green.

She made a cake for her friends.
It was very tasty.

S89| 0f

*Graesser, McNamara, & Louwerse(2003)

« 2| Al (deictic markers)

He visited San Francisco last month.
He had a wonderful time there.

2020-01-08
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*Graesser, McNamara, & Louwerse(2003)

- 417 E (given-new cues)
The jokes Horace tells are awful.

7’3 H.: Horace tells jokes.
M7 2 Those jokes are awful.

S89| 0f

*Graesser, McNamara, & Louwerse(2003)

O & A

ST HEAL oA
27t Al | and, also, moreover
Alzt Al | then, when, before, after, during, while

ro
i}

10
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Iz e e e e S 2

because, consequently, as a result

Al |in order to, by means of

A [ A Ak | R
>
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o

Al | but, although, however

rr
o

I
>

therefore, so
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*Graesser, McNamara, & Louwerse(2003)

« SAFA|H|
«EIAE LHOf| MA|El 7H70 AFAS 2| AZHA Ll
aME elAEo| ot HAo| 223 AES
O] &
« SALS| AlH| R (A, 2t Of2h)dt AlZtS
LIEFL = EEM(OE S5, currently, late ,+n the
future) SO °|-7._'S HA EIAE Cfet dgds

o:l A—I

S89| 0f

*Graesser, McNamara, & Louwerse(2003)

o
e
T
ot

« A1 ZH2 O|OF7| Bl A E (narrative text)Of| Al 2
=90| 8% ==0| &350t S A9t
HHO| Hat= EIAEO| ok A 0| 7|

-A7t= E S7H0|LE HH HetE KW=
Crefet 72| 2t X|A|N(0lE =, back at the
ranch)E ALEZ 2N H& & QI 0[0F7| & Tt=
LK
(|
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SEA] O| O &
O oO— T O
== detdES4 (from ™&7], 2016)
o +&  |HaHel 27 CiX|9f A2t B
ofsl HeH
2% 4% |HaHel B8 e R
u% ey
GM&LS| & SSEX
PUEE EA
At 2
SAAIH
75y
BAE £Z | GMRLY £E RO Ho}
BHH O
N2
AR HA|
of HEE AI=H0l TP

-Need to Analyze longer texts such

as textbooks, newspaper articles (Van

Oostendorp, Otero, & Campanario, 2002), and
tutorial dialogs (Jeon, 2008)

*» The manipulation of text variables in the

previous studies was possible because sentence
pairs, or very small text fragments were used

» However, when research questions call for

longer texts, it becomes more difficult to keep
track of the various sources of cohesion and
language by hand

2020-01-08
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The lack of a one-stop,
computational linguistic
department store (Mcnamara,

Louwerse, McCarthy, & Graesser, 2010)

« Although there are several computational linguistic
databases and techniques available to analyze
text they are distributed across various sources

e.cg;., CELEX, Baayen, Piepenbrock, & van Rijn,
1993; LSA, Landauer & Dumais, 1997; MRC
Psychollngwstlc database, Coltheart 1981;
Y

syntactic parsing, Charnlak 2000; WordNet
Fellbaum, 1998)

)
o

rlo
~NJ

S AEETI0|EY 24 U BT HIHoR
ZIE| A|AH 2t
aTr — O = O

CEIAE B AN St
«Coh- Metrix(°401 BHlAE I—I‘é‘M-I

_I__

=
*TEES 010-| HIAE .LL=|7|- A| I=Ii:ﬂo N

«Auto-Kohesion(2t=0{ EIAE 7‘*6

2020-01-08
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Coh-Metrix

*A Web-based automated language
analysis tool (Graesser, Jeon, Cai, & Yan, 2007;
Jeon, 2008)

*The only computer tool free to the
public which was designed to analyze
language and textbooks with a rich
set of linguistic and psycholinguistic
measures

Coh-Metrix

*Analyzes text and discourse on many different
dimensions of cohesion, readability, and
language

*Provides 108 measures on public Web site
(Coh-Metrix 3.0) (S71&)
« Provides over 100 measures in PC version (H|S7H-&)

*Put emphasis primarily on deeper levels of
meaning and cohesion, unlike standard
readability formulas (e.g., Flesch-Kincaid Grade
Level, Flesch Reading Ease score)

2020-01-08
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Coh-Metrix Main Modules

TE==M7|(Parser)
(Charniak, 2000)

Computational = |

R EALEM 7| (Tagger)
Linguistic Tools (Brill, 1995)
(Jurafsky & Martin, 2008)
] |
\ /
Corpus Norms LSA

. (Latent Semantic Analysis,
& L9X|Ca| DB Landauer & Dumais, 1997)

Coh-Metrix A|AEIQ| ME| &, EfEM HIt

HE7| & &3] (2019

Olsll+= & ME7| (2019)

HME7| (2011, 2014, 2015)

A2 & ME7| (2016)

QoIx & HE7| (2013)

AX2 & HE7| (2013)

HE7| & YUK (2009; 2010)

Jeon (2014)

So & Jeon (2017)

Kim & Jeon (2017)

Kim, Kim, & Jeon (2014)

Kacewicz, Pennebaker, Davis, Jeon & Graesser (2014)
Hartley & Jeon (2010)

* Jeon, Graesser, & Cai (2008)

+ Jeon & Azevedo (2007; 2008)

» Azevedo & Jeon (2007)

» Jeon, Graesser, McNamara, Louwerse, & Cai (2006)
* Graesser, Jeon, Yang, & Cai (2007)

* Graesser, Jeon, Cai, & McNamara (2008)

* Jeon & Graesser (2006; 2008)

.
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Coh-Metrix &2 S|

«7| Z=AHE K| (Descriptive Measures)

& XX MeHd (Referential Cohesion)
«9|0| X H2tA(Semantic Cohesion, LSA)
«O1 2| CHY S (Lexical Diversity)

« &£ AHConnectives)

23k Hl(Sjtuation Model)

S A EE/d(Syntactic Complexity)
0| 3| 2 (Word Information)

«7t= 4 H4=(Readability Scores)

7| = A& X[ (Descriptive Measures)

+CF0| £=(The number of words)
* DESWC/READNW
«2% Z£=(The number of sentences)
* DESSC/READNS
Ct2F =(The number of paragraphs)
* DESPC/READNP
-H0{ Z 0| (Word length)
* DESWLsy/READASW
&= Z0|(Sentence length)
* DESSL/READASL
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A=A Hetd(Referential cohesion)

« Co-reference cohesion occurs when a noun,
pronoun, or noun phrase refers to another
constituent in text or discourse

« Many empirical studies have demonstrated the
effect of co-reference cohesion on text and
discourse comprehension (Haviland & Clark, 1974;
Manelis & Yekovich, 1976; Cirilo, 1981)

* Higher co-reference cohesion indicates easier
understanding of text

=& Mot (Referential cohesion)

- QIME 2 Ao CHet =2 ¥H5(Argument overlap for
adjacent sentences (local cohesion)):
CRFAOT/CRFBATum

* indicates the proportion scores of adjacent sentence
pairs in text or discourse which contain common
arguments (e.g.,, nouns, pronouns, noun phrases)

* Jane has an gpple.
* The color of the gpple is red.

- HH| E% Aof st = ¥H5(Argument overlap for all
sentences (global cohesion)): CRFAOa/CRFBAaum
* indicates the proportion scores for all sentence pairs
which contain common nouns, pronouns, or noun
phrases

2020-01-08
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o|0|& Mgt (Semantic Cohesion, LSA)

* Latent Semantic Analysis (LSA)

A computational and statistical method that represents the semantic and
conceptual meanings of text and discourse based on a large number of
corpora (Hu, Cai, Wiemer-Hastings, Graesser, & McNamara, 2007; Jeon,
2008; Landauer, 2007)

LSA uses singular value decomposition (SVD) to extract approximately
100-500 semantic dimensions from a large word-by-document co-
occurrence matrix made from original corpora

In these semantic dimensions (i.e, a knowledge space) extracted from the
word-by-document co-occurrence matrix, a text component (i.e, word,
sentence, paragraph, or section) is represented as a vector of values

The semantic or conceptual similarity between any two text components
is computed as a cosine value (functionally varying from -1 to 1) between
the two vectors

Higher LSA cosines indicate higher semantic and conceptual
similarities

o|0|X gt d(Semantic Cohesion)

LSA cosine for adjacent sentences (local
cohesion): LSASST/lSAassa

* This is the mean LSA cosine scores for the adjacent
sentences in the text

* These LSA cosine scores indicate the semantic and
conceptual similarities between the adjacent sentences

LSA cosine for all sentences
(global cohesion): LSASSp/LSApssa

* This is the mean LSA cosine scores for all the
sentences in the text

* These LSA cosine scores indicate the semantic and
conceptual similarities among all the adjacent
sentences

2020-01-08
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O{%| CtFM(Lexical Diversity)

» Type-token ratio
* The word type indicates each unique word in a text,
whereas the word token indicates all instances of
each unique word
» For example, if a word computer appears five times
in a text, the type of the word computeris 1,
whereas the token of the computeris 5

* Type-Token Ratio = Number of Type / Number of
Token

* A high type-token ratio of a text indicates that people have much
difficulty understanding the text because it contains many unique
words to be processed

01| C}Fd(Lexical Diversity)

Type-token ratio for all words

* LDTTRa

Type-token ratio for content words
« LDTTRc/TYPTOKc

MTLD (McCarty & Jarvis, 2010): the mean length of
sequential word strings in a text that maintain a given
TTR Value

o [DMTLDa/LEXDIVID
vocd-D (McCarty & Jarvis, 2010): is calculated

through a computational procedure that fits TTR
random samples with ideal TTR curves

« LDVOCDa/LEXDIVVD
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X & At(Connectives)

 Connectives are important linguistic markers
to signal the cohesion and coherence
relations (Halliday & Hasan, 1976; Jeon, 2008)

« Coh-Metrix provides several types of
connective incidence scores

* An incidence score indicates the number of
occurrences of a particular category per 1,000
word's

M AH(Connectives)

+ Additive connectives (e.g. also, and, moreover)
o CNCAdQ/CONADD/

« Temporal connectives (e.g. after, before, when)
*  CNCTemp/CONTEMPI

+ Causal connectives (e.g., because, so, therefore)
» CNCCaus/CONCAUSI

+ Adversative and contrastive connectives (e.g., although, whereas)
s CNCADC/CONADVCONI

* Logical connectives (e.g., and, or)
»  CNClogic/CONLOGI

+ Positive connectives (e.g., also, moreover)
 CNCPos

+ Negative connectives (e.g, however, but)
* CNCNeg

 All connectives
s CNCAIl/CON/
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A=t S (Situation Model)

Event-Indexing Model (Zwaan, Langston, &
Graesser, 1995; Zwaan & Radvansky, 1998)

Time (Temporal cohesion): deleted
Space (Spatial cohesion): deleted
Protagonist: deleted

Intentionality (Intentional cohesion)
o SMINTEr/INTEC

Causality (Causal cohesion)

« SMCAUSH/CAUSC

SAMAN S (Syntactic Complexity)

Syntactic complexity indicates how difficult it is to
analyze the syntactic structures of text or discourse
(Graesser et al, 2004)

Sentences with complex syntactic structures are very
difficult to understand because these sentences are
structurally dense and have many embedded
linguistic components

Coh-Metrix computes the syntactic complexity based
on Charniak Parser (2000)

2020-01-08
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EAMAN 2E M (Syntactic Complexity)

A noun phrase (NP) density score: SYNNE/SYNNP
The mean number of modifiers per NP

 The types of these modifiers per NP include adjectives, adverbs, or
determiners which qualify head nouns

» For example, a noun phrase the very pretty flower contains three
modifiers (the, very, and pretty) and one head noun (flower)

* Sentences with many modifiers per NP indicate that the sentences
are difficult to be understood because of the volume of content in
the NP constituents

The mean number of words before main verb of main
clause in sentences: SYNLE/SYNLE

* A sentence with many words before the main verb of main clause
indicates that people have to hold many words in working memory
before they get to the main idea of the sentence that is typically
affiliated with the main verb

0| 2]H 2 (Word Information)

The word information in Coh-Metrix includes the MRC Psycholinguistics
Database (Coltheart, 1981) properties of words, with values ranging from
100 to 700

MRC contains 150,837 words and provides information about 26
different linguistic properties of these words

TH|d (Concreteness): WRDCNC/WRDCacwm

* How concrete a words is, on the basis of human ratings

& 4d (Imageability): WRDIMGc/WRDlacwm

* How easy it is to construct a mental image of the word in one's
mind, according to human ratings
&5 LI0|(Age of acquisition)
* This is the score of the age of acquisition norms (Gilhooly & Logie,
1980) multiplied by 100 to produce a range from 100 to 700

+ Captures the fact that some words appear in children’s language
earlier than others

2020-01-08
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01 2|8 £ (Word Information)

 CELEX DBOf| 7|dtsf O{F|BI= ZHX| At=

o LIE0{0f Chot 02|l =(Word frequency

for content words): WRDFRQc/FRCLacwm

2= 0%=0 oiet o2l = (Log
frequency for all words):
WRDFRQa/FRCLaewm

0| 2]H 2 (Word Information)

1218 CHRHEARENS): WRDPRPIs
121E THEA(E =) WRDPRP1p
201X THRHAL: WRDPRP2/PROZI
3Q1E CHEAREr): WRDPRP3s
301 CHHA(=ZR): WRDPRP3p

CH AL 2H & 4~ WRDPRO/DENPRPI
HAL 2= == WRDNOUN
SAHEE 244 WRDVERB
AEBAIE . A= WRDAD)
EANEE Yl WRDADV

2020-01-08
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7t=4d H=(Readability Scores)

* The Flesch Reading Ease score: RDFRE /READFRE
* Ranges from 0 to 100
* The average of the Flesch Reading Ease score is
usually located between 60 and 70
* A higher Flesch Reading Ease score indicates easier
reading

* Flesch Reading Ease score = 206.835 - (1.015 x ASL)
- (84.6 x ASW)

» ASL (Average Sentence Length) = The number of words divided by the
number of sentences

*  ASW (Average number of Syllables per Word) = The number of syllables
divided by the number of words

75 ™ 4=(Readability Scores)

* The Flesch-Kincaid Grade level: RDFKGL/READFKGL
* Ranges from 0 to 12
» Converts the Flesch Reading Ease score into a U.S.
grade-school level (i.e, 1 - 12t)
* A higher Flesch-Kincaid Grade level indicates more
difficult reading

* Flesch-Kincaid Grade level = (.39 x ASL) + (11.8 x
ASW) - 15,59

2020-01-08
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7t=+ a=(Readability Scores)

« L2 Readability: RDL2/L2
« Based on the subset of Bormuth’s (1971) corpus
of 32 academic reading texts used by Greenfield
(1999) to develop the Miyazaki EFL readability
score (Crossley, Allen, & McNamara, 2011)

R2 Readability = -45.032 + (52.230 * CRFCWO1)
+ (61.306 * SYNSTRUT)
+ (22.205 * WRDFRQmMC)

« CRFCWO1: content word overlap
« SYNSTRUT: sentence syntactic similarity
« WRDFRQmc: log word frequency for content word
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What 12 ToR Metrix?

Coh-Metrix is a system for computing computational cohesion and

coherence metrics for written and spoken texts. Coh-Metrix allows

readers, writers, educators, and researchers to instantly gauge the
difficulty of written text for the target audience.

What is cohesion’

Where can I learn more?

Take a look through the publications in the
Documentation section. If you would like to get in
contact about using Coh-Metrix or potential
collaboration, please contact us. Check the contact
seetion for more information on where to send your
questions or commerts.

Click here to check out the new Coh-Metrix book. -
Go to Coh-Metrix Message Board here .
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Which one is more difficult to read(or understand)?

TEXT 1

The mole is a small furry animal that lives underground.
It moves around in tunnels that it digs. The mole has
changed its life in four ways because it lives
underground.

First, the mole has short, solid legs that are good for
digging tunnels. This helps the mole dig tunnels so it
can hunt for worms to eat. The mole also digs a home
tunnel where it sleeps.

Second, good hearing is important so the mole can tell
when other animals are in its tunnels. The mole’s ears
are tiny because larger ears would get in the way when
digging.

Third, the mole’s eyes are very small and they can “see”
only light and dark. This is because moles live
underground where it is dark, so it is not important for
them to see.

Finally, because it is dark underground, the mole has a
special way of figuring out where it is going. When it
is going forward, the mole feels its way with its nose
and the hairs on its front feet. When the mole is going
backward, its tail tells it which way to go.

TEXT 2

Every three to five years along the western coast of
South America, the Pacific Ocean’s current abruptly
changes. This sudden change is called El Nino. The
name means “the Child Jesus:” It occurs right after
Christmas. When El Nino happens, two important
climate changes occur. The Pacific costal waters
warm up. In addition, the normal amount of rainfall
significantly increases.

Peru suffers the most from the effects of El Nino. The
warmer water Kills millions of fish. Thousands of birds
that feed on the fish also die. And, there are landslides
and severe flooding in agricultural regions.

1973 was an El Nino year, and the difficulties Peru
faces were especially serious that year. Over-fishing
had already reduced the once abundant fish supply. El
Nino further reduced to a very small percentage of its
former level. Peru’s fishing industry has not returned
to the supply levels that existed before 1973. Since
that time, El Nino continues to severely affect the
country. Its fishing and agricultural industries are still
in the process of recovery.
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