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ABSTRACT

In this study, an English reading passage classification system using a statistical approach
is purposed. A statistical model of each reading passage level is learned from a corpus. The
reading passage corpus is collected from the actual reading passages and supplementary readings
in school with its assigned level. Three complexity features, which are word, syllable and
sentence complexity, are calculated separately to reflect passage characteristics. For the word
level, a list of words within a corpus and a word list approved by the Ministry of Education of
Thailand are criteria for a level standard. An average syllable of words is taken into account for
representing a complexity based on the use of long words. A sentence complexity is a key for a
complication of a sentence in terms of iterative complex sentences and compound sentences in the
passage. These three feature scores are combined and tuned up with neural network for a level
characteristic model of each level. With the learned models, the system compares a reading
passage input and returns a probable level categorized by Thai academic school level.

The contribution of the purposed system is that it does not require manual criteria which
can particularly be varied by either the differentiated English standard of each country or a
personal prejudice within manual criteria, but it automatically classifies an English reading
passage by comparing to the supervised model. The benefit of the system is to be applied in e-
learning since it can reduce time consumption and burdens of teachers to manually select an
appropriate passage to match students’ interest. Moreover, information retrieval system can be
plugged in to classify a level of the content in the website for self-improvement learning and a

parental control.

Keywords: grading system, English reading passage, readability, supervised learning
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2.1.1 Flesch—Kincaid readability test
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2.3 Tnsaveszanimen (Artificial Neural Network)
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4 Partsof a
Typioal Nerve Cell

Dendrites: Accept inputs

@ ¢ Soma: Process the inputs
Axon: Turn the processed inputs
/ into outputs
Synapses: The electrochemical
/ contact between neurons
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WUY  Log-Sigmoid R T LT A —— -

1+e
WUY  Hard Limit farwdudud  a = 0 a<o0
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a
/{ +b
-b/w =
RN,
et
a = pwelinfn) a = pwelinfwp+b)
Linear Transfer Function Single-Input pwrelin Neural
= ; )
3‘1]11 2.5 Linear transfer function
a
. >
-b/w! IO ?
a =logsig(n) a = lbgsig(wp+b)
Log-Sigmoid Transfer Function single-Input logsig Neural

gﬂﬁ 2.6 Log-Sigmoid transfer function
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a = hardlim(n) a = hardlim(wptb)

Hard Limit Transfer Function Single-Input hardlim Neural

gﬂﬁ 2.7 Hard Limit transfer function

; z .
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-==3 training
—> testing

Complexity }| Complexity }| Complexity

Complexity Score calculation Module

v v
Model Score Complexity
Generation Score

Gl’adlng L Grade
Models of System Of passage
each group K
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" e CY - aA s ar
wennntsznnueanesaudimsutsi IiSlunensdiiuduaes i lumsaaned 14

- ) A X & ' " e d |
Nﬂ')1uQﬂﬂﬂqu1ﬂU\1"Ju mﬂﬁ'lll'liﬂuUQll,u'miﬂuﬂ‘l‘ill‘ljﬂﬂﬂﬁlﬂu 3 UUINN AU

1)

2)

3)

19521319 2 NoYwuziUsIngegs AuAsINaI3uBas AN 15U hapipen,
o df = - o o o o 14

baslket, letiter Tun3dinuTosRsznouA WA YT ADIAIBAYIUATNMT
PONITUAANIAIONYIIAYI (Consonant Digraphs) 92 luTin sl sndayruy
P
9 181A ch, ph, sh, th, wh, ch, ck, sh i@ th
wanenAnouNdY YUY 1 @AIN15INYBYATINANYDIA UTUD 13U ofpen,
rejport, iltem

= [ o o [ o o [ 1 s .:;
dmndl “le” aglumdwi msuianensdezii Taemsuisnoundgyyuzi

AUAIY “le” 19U alble, rublble

A yve ol 9 g & ' o s N
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s cias

Content Lemmatization
Word Module

Word Type T
Checking
Word Level

Function Matching SNandard

Word Module Word Level
Word matched unmatched

List

c Wolrd. \(f:Vc;rdlsipre . Unknown Word Level
ompresity bkl Calculating Module
Score Module

51 3.3 nszuaumsmMsAIMANINYBITIANT

lunrssmnunmnnvessiimil i snduvesiiwiammihiivesi 14 2 ngu
0 1) A1UBNAYMMINY (Content word) taz 2) A1l Nl (Function Word) Tausa 2 Ussinmil
misldsaunmlszinnvesii (Part Of Speech: POS) Tatinma luMstinauUBIMANTAIL
whiivestuaaslumssii .1

- 1 1 o w o ¥ o o
19190 3.1 mmm"’lummmnqwmmﬁwwmwum'uaam

nguueImAnImim Usznnuesdi (POS)
AUDNANUHIY Noun Verb Adjective Adverb
flensal Pronoun Determiner Preposition Conjunction Interjection

A T A = ' & PV ¥ o ' =
velnaniu dwenanuminendsingegluilennudmive nniuineg lugiuuuign
AU IFUMIHUAINT 8101525711 (Subject composition) 3 0A13AA (Tense composition) Y11 110
1 - o o ¢ o 3’» < g o o o n’d'. ' J o 1 ar
AemanfFoumouiiwi dsudsdenhmdwindsingegluiionnudmivemmanamgl
1 1 o 4‘5 ] Y [ g; o o
unt (lemma) Aou daum Lenseiiu hitimsdugddniudahisuiudoadnszuaumsadam
guud
o = - L o dl @ é ' @
msafiang i (Lemmatization) Aumsanaeddmingniuesn Fezannnmsana
WISNFAWN (Root) Mezaumsiugilassn (Prefix) w3 eifade (Suffix) Miluffy (Affixation) oen

n ; .
Favznlasuanununons olsznnuesdiidng 1
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¥ . '

msasamgluitluszunil 18szynd 19 Tusunsumeuns as1sa (Open source tool) 7

#9711 Morph Adomer Tawisonld52 11600 English Lemmatizer [12] tiowielumsananiziud
aegumsananigiuduansluasien 3.2

M99h 3.2 Medumsanamizlud

AN (Surface word) 1% (Lemma) sznnvesd (POS)
books book A7 (noun)

feet foot f1UU (noun)

lights, lit light N30 (verb)

eats, is eating, has eaten eat N3 (verb)
explored, exploring explore NI (verb)

better, best good Aaeal (adjective)

j o o °y' L] o
o 183 Uiivesswenarumnends A ns 2 dszion gmi liluSsudsusugwdeya

swmamann wazldaums (3.2) lumsannaumannuenuesidng
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323 mssnnamEudeuvedsylun
anududouvestlsz Tenfiomsa g luuusiiavessz Ton (Sentence type) Tu
ifonam Tavgtiuuveatlss Tonemnsaunia 18Ty 4 vila 18ud
3231 sz TennnuiAen (Simple sentence) A01lse Toaiiil Inseadieetiedie i
1/52 1oAda5% (Independent clauses) ﬂﬂngﬁmﬁuaﬂsﬂumﬁm
3232 1szToAn11m59 (Compound sentence) D ﬂsszﬁﬁé’quﬁﬁmau
sz Tondass @adhunlsz Tonnudes) 1l uasusasduenoenndoudiunlss Tenawiden
18 Taolualse Tonnams il Dependent clauses
3233 sz Toanudou (Complex sentence) Aotz Tonfiflioanils oyalsy Ton
Saszminiy usazileyisz Tonfaw (Dependent clause) Mii iAo I nvens
3234 sz Toanusdiou (Compound — complex sentence) Aiv1l5z TonR A
apsoylse Tondaszin T uazdioyusz Tonfow awaniiandduly ndndw 9 AeiivaszTon
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M99 3.3 gilunvveasy Teanmdangu

¥hiavoalse lon

#79819

15z Toannuiae)

(simple sentence: S)

- The boy bought those books from the store.
- Coral provides good hiding places for fish.

15z Toannusau

(compound sentence: CPD)

- He sees the recycling truck, and he also sees Janey behind it.
- It is really dark in the art gallery, but Harry has a light

15z Tonanudou

(complex sentence: CPX)

- Dinosaurs lived on Earth long before there were any people.
- When he pushed the last sign into place, the seven lines of light shone

into the middle where Henry used to stand on.

sz Tonanusdou
(compound complex
sentence: CPDX)

- The man wants the painting, but Harry doesn't have it since the
painting has been stolen.

- The two friends silently agreed, but their faces showed no fear though
the beast rashly ran toward them.

Taomsuisriinveslse Ton s 19md ey (Keyword) nazmsldiniasmunelsinnou

) ' o o { o A
F0LIUMANNNUFUNUT (Syntax) MoTuilsz Ton amansei 3.4 uazl¥deyaswmsduienly

l!’ é - o y o J o y o
31N 3.5 aandureuludse Tvannusmd o 7 a1 uas duyenluilszTeaanudousiuiu

46 M
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M99 3.4 Fiavenlsz Toatazmsaanunelunmsui

riiaunailsy loa MdRuazms1Hins osmueIsInaou

WURIFOUAWTIW  AuMAuAIRIMIIEaNIA () ¥ie wumsly

sz Teannusow 4 I
fFRInINe <~ aulse Ton

o A ¥ o a2 ) Y
AwouaNuFULUUN 1 nandszlen Tasinese Teaduvtiuas
o d 0. ok P
aunaailuilselonauysal Wie wumi¥ouanudounuun 1 wih
iseTonanudon | dszlon Taedimsldmsesmme < auilseloadumiiuazdumas

% = g 2 SR vt i
vio wum@euanudouuuun 2 luilseTean lusuduasaavuie

A107Y

¥ = a
dszTonnmuandou | wugtuuuss Teannusauazilss Teaanwdeululse Toneanu

= 7 7
UszTeannuger | Tulalse Teannus e Use Tvannudeu vs e 1ss Teannusdou

M319 3.5 Usznnavesd oy

szinndnion A20819510M5AN

ABOUANYITIY and, or, but, for, yet, nor, so

f'iu%nmm%mmuﬁ 1 | after, although, as, as_if, as long as, as much as, as soon as
as_though, because, before, even, even if, even though, if,
if only, inasmuch _in order that, just as, lest next, now that
once, provided, rather than, since, so_that, supposing, than, that
though, till, unless, until

mE > -
AUYOUANUHOULVUN 2 how, what, when, whenever, where, whereas, wherever, whether,

which, while, who, whoever, why, that

Taenndeyalumsen 33 ez mseh 34 Ml Iddanes Mudwaasluzalii 34 e

ariaveailse Tua
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Algorithm for separating sentence type

" n fnon " n " }

Compound_list = { ",for",",and",",nor"," but",",or",",yet"," ,s0
Complex_list = { "after","although","as","as if","as long as","as much as","as soon as",
"as though","because”,"before","even","even if","even though","how","if","if only",
"inasmuch","in order that","just as","lest","next","now that","once","provided","rather than",
"since","so that","supposing”,"than","that","though","till","unless","until","what","when",
"whenever","where","whereas","wherever","whether","which","while","who","whoever","why" }
(1) sentences = getBreakSentence(line);
(2)  For (String sentence : sentences)
(3)  String sentenceTrimed = sentence.trim();

(4)  words = getBreakWord(sentenceTrimed);

(5) For (String word : words)

(6) String wordTrimed = word.trim();

7) IF(wordTrimed == “,”.concat(compound list)) THEN
(8) Found Compound Sentence = true;
9) Compound Sentence Count

(10) ENDIF

(11) IF(wordTrimed == complex_list) THEN
(12) Found Complex Sentence = true;
(13) Complex Sentence Count

(14) ENDIF

(15) ENDLOOPFOR

(16) IF(Found Compound Or Complex == false) THEN
(17 Simple Sentence Count

(18) ENDIF

(19) ENDLOOPFOR

7UN 3.4 Sanesfinlumsimuasiiavenlss Ton
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R L
Sentence
List

Sentence Type

Checking
1
¥ v ¥ ¥
|
Simple Complex Compound COmpIen S
Compound
Sentence Sentence Sentence
Sentence
l |
¥
Sentence Score
> Calculating
Module
Sentence
Complexity
Score
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g 3 o
sz Tonanusdounuday
n n
n_(s*x *#*p P)
F(3)=—"= (3.3)

TOtalsentence
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X feduilszansvellse lvannudou
[ - dg
P Aoduilszansilsz Toannusduy
M o = o a oot g
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-] g dl J
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o 1 ] =] 2 1 I
324 msannamanmineziludiensevelssammen
o 1 ] o) - v = =]
nszuIuMsMsfuaInuindudluns ovwlszamdeuilunszuauns
Y =t . - L ! ' o 5
dmfutuaeumsiioud erhmnzuuunn 3 nszuaumsneuninnad e lueanguszausy
d’ o i g 1 [ 1
N521UMSHIZINAIAZIUUNG 3 919AU AiD MAZUIUUAINEIVOIM (F(1) AIASUUUANY
o_ o 1 o ' o ar =] 1
INVBIMANA (F(2)) uaz AngiuuanududeuvesilszTen (F(3)) uaazamMT v um
4 dl. ) ' 1 o g o
anmingilu weasuiluTueafitswenamunamuimuveumasnguseausu n1591914
14 1
TunszurumsitidiinsGouidronsewvuiifaeudonievisdszamiion (Neural
network) 1114 193 evwiszeanmifivufionsSouidleinses (Machine learning) Ne w1503
9 o 9 o T o 9 s [ ] 1w 1 & 9 o 1 ’g’ a
doyasuduiuaidaay uazahanusmsaansnnmauavnaiiuldiiluanimidn
¥

. o a &
(weight) Nelumsisziiuszausuvsaiionny

t 4
=

Tua3deil iesninlinnududounin doyalinisiudounu sildnisaou

v = o 9 & v ¥ = £ A i = ¥
Tasswezlinnududeuniniu aniudaldmsasuniovivlszamifiounuunaloyu
(Multilayer perception) Taa1935n13i5euiun1 Feed forward 19WsnsucsTounuudnuova

L&) s . K 4 o/ ) 3
Wan%u (Sigmoid Function) tWelFuasevnelszamifen1dianusuiouinnuy
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4 s J ' IS
1 3.6 msadnTumaszauanueInveuiionuNn lasselszamimno
° ' U o o o o
Taofmuaf1duyaAe AMAZLULANENIVBIM (F(1) MAZHUUANNEINYBIMANT
(F2)) Mazuuuanududouvesilszlon (FG)) uaziondya Ao Tumaszaunliueinyes
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Network

Sigmoid Function
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31 3.7 msadTueaszduanunnvesilenuainlaswiwlszamiiouns s 1

Qs 3’; - e 1 qill y%’; 9 9 9 =1 [ lg
nanniuIzhan 1903 3 1edunadaiuTueaszauanuinveuilenues
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Neural
Network

Linear Function

4 o J ' = g a:‘
31 3.8 msadnTumaszavanunnveuiiennunnlnswwlssamineunsan 2

li o o A’ o ' 4 o
e ldTumauds Tueasziluduiivusuiionnudmivemoun vazliwadniiily
i\ o Q’/ 4 o o
nquszausu TaosTumai ldnindeyayalnaou (Train Se) vzgnii1 liifisunudeyaya

NAADY (Test Set) tiNomIAIMNUGNABIAD |1
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4.1 15NN ¥ lumInaany

) ] . L4
wiesiionlFlunsnaans Igueauiaame lui

T
4.1.1 3T

nuwlsguananals (CPU) : Intel Core 2 Duo Processor 2.00 GHz
HUIANUTIHAN (RAM) : 2GB

HUWANIE1509 (Hard Disk) : 300 GB

d d
4.1.2 w3

szUVHiiams (0S) :  Window 7 Professional
Tusunsuildsransszuu : Matlab 7
Tsunsuildlumssamsndsdoya  :  Edit Plus 3

4.2 autiumsnaaed

g X o ~
MINARBI IUNUFUL 32ATIVADUANNAINITONALANINYNABIVIDANDI NN
o o 1] o j [ [ " 9/ - ] =
dmiuszuuAauliszAuiionNuMEIsIngudimiven Tasldnsediodseamiioy
. . ' : @ ' o z
(Passage Grading System Using Neural Network) Tﬂuqmﬁ'uﬁwammmmaszﬂmuamm
o 1 ' ¢ 2 { o o
MBIBINYHUALHAVDUADLIYUNWMBINAATNT 3 nuunhumlszyna 19 lumsnaaes
o J o @ 1 ' o z’
doyanmelunduiionnun1w1dangudmiueIu (passage corpus) QALLIBBNAINTEADFY
1 ¥ = 1
Sowilu 4 929 e ldalun1siioufveanios (machine leaming) uazmsmaroUANYNADS

o d
(accuracy testing) A4
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1) dsgoudu (1).14).3)
2) Wszawlanw (1.4-1)6)
3) BouAY (U.1-11.3)
4) Usouarw (1.4-11.6)
TunsfuamIannYeuiBA A EAUTUNS 4 S2AY LiyuM1an ¥ 3 ¥iia
18uA Awe1IveINEIId AnwnInveadin uaz  AnudFudeuveslszlun sxgminn

Murumuauminesue 1 luunn 3

v H
o Qs o

Fofu lumsnanesil 3efieadilsznoundn vz 19 unmsnanosduil fail
1) ﬂﬁ'uﬁ‘aﬂ'Jmmmf‘fanquﬁm%’ua'm WMy 4 $asERUTY
2) JwMsmAnTiieAsIvTeUAMLINYEIR
3) Smslumsusdeyaitenadeuszuy
L d

Tavrwazidvauazsluvudeyaveudazesnisznounanszgnesuieluudaziafe

vowvao 11/

1 z b o L
4.2.1 MINFBUUAZMNVBINTUUBA NN BB INGUAH TV
o o = [ ' ar A’ o o ar

dmiunsmaassiadsz@ninmassszuudausszauiionunusingud iy
1 @ ! o 4 J o
oz ldnduilonun1u18Ingy (Passage Corpus) Tauitiion21un 11890 HYNTIVTINN

¥ ¥ y " s o ]
uuuMsioumsdeuveInnqTubou awalszoudnu i 1 - dsoudailin 6 Tas
J :’1 o 1 L z é o 1 o
ienNuN MRz gnARLeNAIRaz SR UTUT sud st mua 13T 4 nqusdl (Grade group)
Fuannszaundeiga llszavnnigamudid fe Uszaudu al1-3) 1szamlare a).4-6)
) ) A i o & ar o [V
WsoNAY (11.1-3) Aisoulate (u4-6) Tesilennuiny duiieanunusingudimiueien
5 o ) AN Yo ar - (Y] 1
namisdounuGoun1asumsivseslaonsensrsdnuiins uazmiiadesuueniial
o — = as ' 1 1 o 5 = - P

mudangunldlulsGou dedruiiennuveswrazszausy uanslugilii 4.1 ag1/ii 4.4

o_ o 3 & o
AUl szouau ﬂﬂ'l.l‘ﬁﬂll‘ljﬁ'lﬂ

Lions and tigers are big cats. Let’s find out about them and other big cats. Tigers are the biggest
cats in the world. Tigers have brown fur and dark stripes. Lions are big cats. They live together in
families. The mother lion looks after the lion cubs. Leopards like to rest in trees during the day.
Leopards are good climbers. Cheetahs are good runners. They are the fastest land animals in the

world.

i o 1 g
71U 4.1 uamsimediaiionnuveslszoudu
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So village people loved to hear stories about Robin Hood. Robin Hood was clever, strong and
brave. He loved adventure, and he was the best fighter in England. He took money from rich
people and gave it to the poor villagers.

The most famous Robin Hood stories are in this book. They are about beautiful Lady Marian, the

greedy Sheriff of Nottingham, good King Richard, and his bad brother, Prince John.

4 o 1 A
51N 4.2 naasdredaiionnuuelszaulate

Egyptians used gold and coloured stones to make jewellery for the rich. When people died, their
jewellery and other possessions were buried with them. They believed they could use them in the
Afterife. The Pharaoh Tutankhamen wore this amulet to protect him from evil. This piece of

jewellery was buried with him.

At the funeral of a Pharaoh, the mummy, in its coffins, was placed on a large sledge. It was pulled
across the desert to a tomb. Some tombs were cut deep into desert cliffs. When the sledge reached
the River Nile, it was pulled onto a barge, which took it to the other side of the river. Cattle were

taken to the tomb and sacrificed. Mourners pulled the mummy on a sledge.

- s [ 1 LY b7
51N 4.3 HaRIR9e 1L oA NV TIUAY

Each of his three marriages had followed the same pattern. Using a false name, he had gone on
holiday to a place where no one knew him. There he had found a middle-aged, unattractive
woman, with some money of her own and no family. He had talked her into marrying him, and
she had then agreed to make a will which left him all her money. Both his other wives had been
shy too. He was very careful to choose the right type of woman: someone who would not make
friends quickly in a new place.Mary, the first of them, had had her deadly ‘accident’ almost
unnoticed, in the bathroom of the house he had rented — a house very like this one, but in the

north of England instead of the south. The police had not found anything wrong.

d oo A =
711 4.4 uamsdreiiniionNuvesiseuilae

o x 1 o o ] )
lumsdamsszivuveaiionauiiosdu 4ive 1dnautiatonti (paragraph) eonidly
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=] e 1 y ' '
15z Tun (sentence) 111 1 u35viAgo 1152z Tonlasldinsoanuorsveuvails: Ton iy gaya

4 o 4 o
anoil (fullstop) 13 DININUBMITE (exclamation mark) LA 1ATDINLUAINIY (question mark)
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Abstract

In this paper, we propose an approach to check
a level of English reading passage by applying
supervised learning to create a level characteris-
tic model from corpus. The system calculates
from three features; word, syllable and sentence
complexity. The system does not require man-
ual criteria to grade a passage but automatically
grade by comparing to a model. The output of
the system shows a level of passage based on
four groups categorised by Thai academic
school level. With the purposed system, 84.95%
of passages are correctly graded.

Keywords: grading system, English reading
passage, readability, supervised learning

1 Background

For nations that English language is not their
native language, English learning is a necessary
subject since English is the dominant language
for global communication. English becomes
more difficult to be effectively taught for people
whose native language belongs to a different
language typology such as Thai. Based on the
statistics of ETS TOEFL score [1], Thai people
gains 493 points of a paper-based test in aver-
age. English learning in Thailand; therefore,
particularly needs more improvement and atten-
tion.

Among four English learning skills (writing,
reading, speaking and listening), reading could
be preliminarily concentrated since it helps
learners to gently acquire new vocabularies and
to instance English correct structures. However,
reading is the most wearisome part for learners
because all reading passages are usually se-
lected by teachers, not learners. Hence, learners
lost their motivation and attention on reading
the English passage because it is not met stu-
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dents' interest. However, if teachers let students
choose a reading passage on their own will, the
chosen passage will be difficult to be controlled
in terms of an appropriateness of passage level
and content.

Several grading systems have been imple-
mented to fulfil such need, for example Flesch
reading easy formula, Kincaid formula, SMOG-
Grading and Fox index. The Flesch reading
easy formula [2] has been developed by Flesch
in 1948 and it is based on school text covering
grade 3 to 12. Unfortunately, it has not been
updated for a decade. The Kincaid Formula [3]
has been developed for grading Navy training
manuals. It is accountable in technical docu-
ment grading because it is based on adult train-
ing manuals rather than school book text. The
SMOG-Grading [4] is a tool for grading Eng-
lish texts. It has been developed by McLaughlin
in 1969. Its result is a school grade. The Fog
index [5] has been developed by Robert Gun-
ning. It especially concerns a proper name issue
and handles it separately.

All of above mentioned systems have their own
advantage, and they all compute a readability
score based on syllable, word, and sentence
amount. Their scores are graded by manually
constructed criteria. However, they all em-
ployed their own manually constructed criteria
which apparently suit for only native English
people. Thus, their output is not practical to
students who learn English as foreign language
(EFL). In this paper, we focus on EFL of Thai
students in academic school.

The rest of this paper is organised as follow.
Section 2 proposes a supervised learning grad-
ing system with its three complexity scores.
Section 3 describes experiment setting and
grading result. Section 4 discusses over the re-
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Figure 1. An overview of the supervised passage grading system

sult. Section 5 explains the further usage of the
system with user model strategy. Last, section 6
gives a conclusion and future work.

2 Passage grading system

We propose a method for an English passage
grading by using a supervised learning to create
a model from an academic passage corpus to
compare with student selected passage [6]. In
both training a model from corpus and grading
a passage, three complexity scores are exploited
to signify a level of a passage. The three com-
plexity scores are a complexity of syllables,
vocabulary level and sentence type.

For models generation, training corpus col-
lected from academic English reading passages
are split into four grade groups based on their
belonged level. The four groups are junior pri-
mary school (grade 1-3), primary school (grade
4-6), junior high school (grade 7-9) and high
school (grade 10-12). With the complexity
scores of each grade group, a characteristic
model is generated.

Once characteristic models are obtained, they
are used as a reference to grade the student's
selected passage to an appropriate level that the
passage belongs to. A system overview of su-
pervised learning grading system is illustrated
in Figure 1.

2.1 Syllable complexity score module

A length of syllable is a measure of a lexical
difficulty. Based on our survey of the training
corpus, we found that the more syllable a word
contains, the more difficult level it could be. An
average length of syllables in a context signifi-
cantly reflects difficulty of student's readability.
A statistic of syllable length in the training cor-
pus is illustrated in Table 1.
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Table 1. Percentages of syllable length

Percentage of syllable length
Grade Avg.
1 2 3 | 4 | a<
junior prmary | cc 19195 78| 7.5 | 03 | 0.1 |1.42
school
PRy 62.58(30.12| 62 | 0.8 | 03 | 146
school
juniorhigh | c¢ 0413335( 886 | 1.18 | 0.6 |1.57
school
high school | 52.83(33.21[10.12| 2.66 | 1.18 | 1.67

To calculate a complexity score of syllable, we
obtain (1).

2{;1(“5)'!-)

e (1)

Where sy/, is the number of syllable of word i*

and W is the total number of words in a passage.

2.2 Vocabulary complexity score module

A vocabulary in a reading passage becomes an
essential feature for students' readability. In
general, students learn vocabularies by a given
list of assigned vocabularies in a school text-
book based on their academic level. Thus, all
vocabularies provided in textbooks that were
approved by the Ministry of Education of Thai-
land are chosen as a reference word list for vo-
cabulary level. The purpose of reference list is
to be matched words in a reading passage.
Words in a passage, however, are usually in
inflected form which cannot be directly
matched to the word list therefore they must be
transformed into a lemma form' by applying

lA lemma form refers to the canonical form, dictio-
nary form, or citation form of a word, e.g., in Eng-
lish, eat, eats, ate, eaten and eating are forms of the
same lexeme, with run as the lemma. It is different
from a word stem which all affixes are removed.



Morpha [7][8] before they are calculated for a
complexity score. In the system, words are clas-
sified into two groups, content word” and func-
tion word’® because of their different signifi-
cance. They are calculated with a different
value.

For the unknown word issue, a function word
and a content word are separately handled.
Based on reference word list, practical function
words are entirely collected, but there are some
missing rare function words such as exclama-
tion words which are seldom used and have
very little meaning. They are thus assigned
equally to the lowest level of function word.
Otherwise, missing content words from refer-
ence word list reckon with a greater level of
vocabularies because the reference word list is
gathered with all vocabularies that students
should learn in school. The missing content
words normally are beyond school vocabularies.
An unknown content word, therefore, is given
as same as the highest grade of content word.

With above criteria, a vocabulary complexity
score is computed by (2).
2&1[(chi'ﬂc‘nc)+(LVfi'Bf'nf)]

F2= L, Loy, W)

(2

where Lv refers to a level of a word in reference
list, ¢ indicates a content word, fis a function
word, £ is a parameter, n is a frequency, w re-
fers to any kind of word and W is a frequency
of i word.

A process of vocabulary complexity score cal-
culation is shown in Figure 2.

2.3 Sentence type complexity score module

Basically, a sentence type in English falls into
four types which are simple sentence (S), com-
pound sentence (CP), complex sentence (CX)
and compound-complex sentence (CPX). For
the last three types, a sentence contains more
than a single independent clause and they can
cause a difficulty to students on reading a con-
text. Apparently, the more clauses a sentence

2 5
Content words are words that have a stable lexical
meaning, such as noun, verb and adjective.

3Func:tiom words are words that have little lexical
meaning or have ambiguous meaning, but instead
serve to express grammatical relationships with oth-
er words within a sentence such as pronoun, con-
junction, preposition and interjection.
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Figure 2. A vocabulary complexity score calcu-
lation process

has, the more difficulty it gains.

For the system, each sentence in a passage must
be chunked into clause(s) to analyse a sentence
type. The complexity score of sentence type is
computed based on an amount of complexness
of clause(s) by using (3).
_ I, (5-P"P-X"x)
fiv Totalsentence (3)
where S refers to a simple sentence, X indicates
a complex sentence and P is a compound sen-
tence. NV, is a number of a recursion of a com-
plex sentence and N, is a recursive number of
compound sentence. The detail and examples of
sentence types within the passage corpus are
shown in Table 2.

2.4 Model score module

After the three complexity scores are obtained,
artificial neural network [9][10] is applied to
weight them for representing characteristics
model of passages. We obtained (4) to compute
a model score of each grade group.

Model = A,F1 + A,F2 + A3F3 (4)
where A indicate a weighted variable of com-
plexity score gained by the artificial neural
network and F1, F2 and F3 refer to syllable,
vocabulary and sentence type complexity score
respectively.

2.5 Grading module

To grade a level of a passage, a test passage is
submitted to all complexity score modules to
calculate its complexity. With the models, the
sum of those scores is checked which model it
belongs to. The result of this module is a level



of the student selected passage.

Table 2. Examples of four sentence types

Type Example

- The boy bought that book from the store
yesterday.

- Coral provides good hiding places for
fish and other creatures.

- I will do the same with the third child
tonight.

- He sees the recycling truck, and he also
sees Janey behind it.

- It is really dark in the art gallery, but
Harry has a light.

- The wind was not so strong now and
there was a fullmoon.

CP

- Dinosaurs lived on Earth long before
there were any people.

- When he pushed the last sign into place,
the seven lines of light shone into the
middle where Henry used to stand on.

- Although he was badly frightened, Ste-
phen decided to go to Mr. Abney's li-

brary.

CX

- The man wants the painting, but Harry
doesn't have it since the painting has been
stolen.

- The two friends silently agreed, but
their faces showed no fear though the
beast rashly ran toward them.

- Stephen apparently knew that it wasn't a
joke, and he was really worried about the

CPX

issue.

3 Experiment
3.1 Experiment setting

In this paper, we centre on a readability of Thai
learner in EFL. English reading passages from
textbooks approved by the Ministry of Educa-
tion of Thailand and supplementary readings
assigned in school are selected as a corpus.
They are split into four groups by academic
grade; junior primary school (grade 1-3), pri-
mary school (grade 4-6), junior high school
(grade 7-9) and high school (grade 10-12). Sta-
tistic of details in gathered reading passage cor-
pus of each group is shown in Table 3.

An English vocabulary list for Thai learners
was only garnered from the Ministry of Educa-
tion of Thailand. Table 4 shows a statistic of the
reference word list of each grade group for Thai
passage grading. The reference word list with
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level and word type is exemplified in Table 5.

Table 3. a statistic of reading passage corpus

G0 | | ot | soitlomss | wuedl e
junior primary school 53 32.85 338
primary school 66 212.8 1271.5
junior high school 98 244.62 1771.17
high school 133 287.32 1961.75
total 350 777.59 5342.42

Table 4. a statistic of reference word list

content | function
gide growp word word bol
Jjunior primary school | 546 30 576
primary school 2,030 (69 2,099
Jjunior high school 3,134 59 3,193
high school 3,282 32 3,314
total 8,992 190 9,182

Table 5. Examples of reference word list

Vocabulary Word type | Grade level
eat,cat,dog,banana,bee | content junior pri-
I,you,he,and,or,but function | mary school
hot,fine,cabin,beach content primary
for,by,yet,so,else,with function school
shelter,crew,stun content | junjor high
since,because_of function school
heat,election,fabulous content v

: high school
hence,thus function

In the experiment, the parameters for calculat-
ing vocabulary complexity are initially set as
1.5 for a content word and 1.0 for a function
word because a content word which is an open
set of words is generally more difficult than a
function word which is a close set. For the pa-
rameters of the sentence complexity score, sim-
ple sentence, compound sentence and complex
sentence are set as 1.0, 1.2 and 1.4 respectively
because a complex sentence is concerned as the
most difficult sentence type, and a simple sen-
tence is accounted that it is the easiest sentence
type. In the experiment, we applied a feed-
forward neural network [10] to weight the com-
plexity scores. A multi-layer perceptron and a



(@)

(b)

Lions and tigers are big cats. Let's find out about them and other big cats. Tigers are the big-
gest cats in the world. Tigers have brown fur and dark stripes. Lions are big cats. They live
together in families. The mother lion looks after the lion cubs. Leopards like to rest in trees
during the day. Leopards are good climbers. Cheetahs are good runners. They are the fastest
land animals in the world.

Egyptians used gold and coloured stones to make jewellery for the rich. When people died,
their jewellery and other possessions were buried with them. They believed they could use
them in the Afterife. The Pharaoh Tutankhamen wore this amulet to protect him from evil. This
piece of jewellery was buried with him.

At the funeral of a Pharaoh, the mummy, in its coffins, was placed on a large sledge. It was
pulled across the desert to a tomb. Some tombs were cut deep into desert cliffs. When the
sledge reached the River Nile, it was pulled onto a barge, which took it to the other side of the
river. Cattle were taken to the tomb and sacrificed. Mourners pulled the mummy on a sledge.

Figure 3. Examples of an English reading passage

sigmoid function were also exploited to manage
continuous derivative, which allows it to be
used in backpropagation.

To exemplify a calculation of the three com-
plexity scores, the passage examples of a junior
primary school and a primary school are shown
in Figure 3. In the Figure 3a, the passage from a
Jjunior primary school contains 74 words which
are 49 content words and 25 function words.
There are few content words that belong to
higher level in this passage such as “stripes”,
“cubs” and “climbers”. For syllable aspect, the

total and average amount of syllables and the Group | fold-1 | fold-2 | fold-3 | fold-4 | fold-5 | avg.
longest syllable are 94, 1.27 and three, respec- 1 78.33 | 81.49 | 82.06 | 79.61 | 84.06 | 81.11
tively. Begause of the lowest lt?vel, all eleven 2 829 [ 7764|7471 | 79.12 | 80.31 | 78.94
Seuisuces ID te Pessege are & sunple sentence. 3 |84.03 | 83.36 | 84.03 | 9023 | 88.16 | 85.96
The example in Figure 3a obtains the complex-

ity scores from syllable, vocabulary, and sen- 4 93.04 | 95.31 | 96.33 | 91.78 | 92.59 | 93.81
tence type as 1.27, 1.16 and 1.0, respectively all | 84.58 | 84.45 | 84.28 | 85.19 | 86.28 | 84.95

From the passage of a primary school in Figure
3b, it totally contains 124 words which are split
into 66 content words and 58 function words.
The function words in the passage are such as
“and”, “to” “the”, “in”, “with”, and “across”.
The total and average amount of syllables and
the longest syllable are 177, 1.427 and four,

respectively. In addition, the passage contains Group | fold-1 | fold-2 | fold-3 | fold-4 | fold-5
seven simple sentences and five complex sen- 1 80.46 | 8236 74 7961 | 84.36
tences. There is a complex sgn’Fenf:e that con- 5 3198 | 7108 | 7495 | 7687 | 8031
tains two complex clauses within it as “When

the sledge reached the River Nile, it was pulled 3 8276 | 8271 | 8403 | 9044 | £7.93
onto a barge, which took it to the other side of 4 9241 | 953 | 9649 | 91.28 | 93.58
the river.” With the system calculation, the all 84.4 8285 | 8237 | 8455 | 8655

complexity scores from syllable, vocabulary,
and sentence type are 1.43, 1.26 and 1.10 re-
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spectively.
3.2 Experiment result

In our experiment, 5-folds cross validation [11]
is applied. 80% of each grade group in the cor-
pus are randomly selected for training passage
grade models and the rest is for testing. A statis-
tic of a reading passage corpus is previously
mentioned in Table 3. A result of grading sys-
tem is shown in Table 6.

Table 6. An accuracy result of grading system

From the results, the system gains impressive
accuracy as 84.95%. For each of the complex-
ity score, they are separately shown in Table 7,
Table 8 and Table 9 to show accuracy by each
single feature.

Table 7. An accuracy result of F1




Table 8. An accuracy result of F2

Group | fold-1 | fold-2 | fold-3 | fold-4 | fold-5
1 71.33 75.89 | B85.64 81.11 80.06

2 79.37 | 78.94 | 70.91 80.04 76.8

3 7987 | 8496 | 80.76 | 86.76 | B2.76

4 89.84 | 92.02 | 93.63 88.04 | 90.89
all 80.1 82.95 82.74 | 8399 | B2.63

Table 9. An accuracy result of F3

Group | fold-1 | fold-2 | fold-3 | fold-4 | fold-5
1 83.16 86.19 87.14 78.31 87.66

2 87.45 82.8 78.11 82.67 | 83.96

3 89.93 81.31 87.03 93.76 | 93.87

4 96.77 98.31 98.83 95.78 96.79
all 89.33 87.15 87.78 87.63 90.57

4 Discussion

From the result, the major error occurs in the
vocabulary complexity module. We found that
there are many unknown words within the pas-
sages. Since they come from different sources,
they are explicitly different and this results in-
compatibility between reference word list and
vocabulary in the reading passages. Since we
handle unknown content words as the highest
level vocabulary, the passages contained many
unknown words are resulted to higher school
level than they actually are.

Moreover, we discover that a polysemous word
(a word with multiple meanings) cannot be
handled in the system effectively. This causes
problem with vocabulary complexity score cal-
culation since the matched surface words are
always recognised as the lowest level in the
reference word list. This problem leads to grade
a passage to a lower grade group than it should
be.

With above mentioned issues, we found that
they reflex the vocabulary complexity score to
gain the lowest accuracy among other. If the
word sense disambiguation is applied accord-
ingly, the system would perform better in term
of vocabulary recognition and overall accuracy.

The other errors in the syllable and sentence
type complexity are from the similarity of diffi-
culty of the passage among different levels.
From our observation, there are not much dif-
ferent in terms of amount of sentence types and
an average number of syllables in the reading
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passage between grade group 1 and grade group
2 as well as between grade group 3 and grade
group 4. In the other hand, the explicit differ-
ences are the length of the passage and the fre-
quency of an idiom and a proverb. To improve
accuracy, these two points are needed to be fo-
cused constantly and should be added for other
features.

5 Grading system with user model

For further usage of the grading system, it can
be applied in e-learning system as a core engine
to grade a passage for students. In EFL e-
learning, students' model is a representation of
their information which is a key to draw their
attention and directly improve their weaker
skills among other.

The model gathers many aspects of personal
information of students. The personal informa-
tion can be split into three parts: 1) personal
profile; 2) interested subject and activity; and 3)
test result. The first part is a personal profile
which details about student's name, gender, cur-
rent grade, etc. The interested subject and activ-
ity includes their desired occupation, hobby,
sport, favourite food and beverage, favourite
song and film genre, etc. The last part is a test
result. The test is quizzed for finding their
strong and weak fluency of English skills. The
test includes vocabulary quiz, passage reading
test, syntactic structure quiz, pronunciation test
and essay writing test.

With the information, we can develop a passage
retriever which selects an appropriate passage
to fulfil their interest and match for students'
weak skills efficiently for improving such skills.
Their weaker skills obtained from the test are
matched with the complexity scores of the grad-
ing system. There are two different aspects on
using the system: to improve students' skills and
to assist students to enjoy their reading.

To improve students' skills, the system can se-
lect a challenging passage that is graded to
higher level. The higher level passages are chal-
lenged them to improve their weak skills by
selecting the appropriate complexity score. For
example, students whose syntactical structure is
weak are rationally provided with the passage
with high sentence complexity score. In the
other hand, students who are not good at pro-
nunciation and vocabulary are given with the
passage which is classified for high vocabulary



complexity score.

To help students to enjoy their reading, the sys-
tem can be applied to select the suitable passage
matched to students' level and weak skills. For
example, student whose skill is weak in vo-
cabularies is assigned with a reading passage of
his/her grade that contain lower vocabulary and
syllable complexity scores for them to read a
passage with joy and understanding. For student
who needs more practice in English syntactic
structure, a passage with higher sentence type
complexity score is given.

In summary, the grading system applied in EFL
e-learning based on user model can recommend
a passage that matches students' interest and
their English skills. This will improve their
English learning with student attention and mo-
tivation.

6 Conclusion and future work

In this paper, we present a passage grading sys-
tem which uses supervised learning approach to
create a passage model of each grade group.
Four grade groups are divided according to a
school grade; junior primary school (grade 1-3),
primary school (grade 4-6), junior high school
(grade 7-9) and high school (grade 10-12). A
passage model includes a complexity score of
syllable, vocabulary and sentence type by using
neural network to adjust the appropriateness of
its complexity scores. The system then matches
an input passage with a model and returns a
grade that the input passage belongs to. In the
experiment, reading passages used in English
classed for Thai students are collected as a cor-
pus to generate a passage model. The system
obtains an impressive result of 84.95% accu-
racy when testing with 5-fold cross validation.

In the future, we plan to apply neural network
in vocabulary complexity score calculation
module for tuning parameters of content word
and function word since they are manually set
as 1.0 and 0.5 respectively in the current work.
Moreover, we plan to apply this system to e-
learning application for an automatic passage
retrieval based on students' model mentioned in
Section 5. In addition, topic selection will be
applied to match users' interest topic. Word
sense disambiguation will be plugged to the
system for handling a polysemous word issue.
We also plan to add another feature such as fre-
quency of idiom and proverb appeared in the
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passage, a length of a reading passage, or a
number of specific vocabularies in different
domain. Lastly, another supervised leaming
approach will be exploited to compare and find
the best learning for supervised grading system.
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Statistical Level Checker with Personalised
English Passage Suggestion
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Abstract: In this paper, a system to classify a readability level of English reading passage
and to match student personal interest is purposed. Student model is applied to collect
student information for selecting their preferable passage topic. Statistical passage level
checker is implemented to match student readability level with passage difficulty by using
neural network. Three linguistic features, syllable, vocabulary and sentence complexity,
are chosen to distinguish a difficulty difference among passage level. The best accuracy
gained by the system is 86.25% and the constantly reliable feature for this task is a
sentence complexity of the passage.

Keywords: Readability level checker, English reading passage, English learning,
personalisation, neural network

1. Introduction

English class is one of the most boredom subject for Thai students since Thai children are
not familiar with inflection, syntactic word order, and grammar learning therefore they
become idle and inactive in class. Furthermore, their reading passages become tiresome
since each student has individually preferable topic and they tend to lose their learning
motivation to read an assigned non-interested passage. Letting students choose reading-
passage by themselves also leads to significant burden for instructors to scope an
appropriate level of those passages.

In language learning, readability checker tool or passage grading system are one of
the important application that assists students and instructors in terms of reducing a load to
select a proper readability level of reading passages. The major issue is that most of them
was implemented on rule-based approach and the designed rules are reckoned for an
English native speaker. The rule-based systems and methods including Flesch reading easy
formula [1], Kincaid formula [2], SMOG-grading [3] and Fox index [4] are rigid and can
hardly be applied to students who study an English language as their foreigner language
since the level of English understanding and skill are rather different based on each
country standard of language learning.

Recently, the framework for passage grading system using statistical approach was
purposed [5]. However, the mentioned system was a framework which exploits three

ICCE2011 | 9
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linguistic features; syllable, vocabulary and sentence complexity score, along with a
conditional random field (CRF) as their machine learning to create a model of the passage
level. Although CRF is reliable one among other machine learning techniques for its
discriminative training, it has a specification to number management since CRF recognises
an input as string, not an integer. So far, an experiment result of the framework has not
been published. Another study on a passage grading system using supervised learning by a
neural network [6] was later reported. It applied the same linguistic features as the above
mentioned framework but the machine learning was altered to a neural network. They
applied a neural network to generate three models based on each linguistic feature and
exploited those models separately to level a reading passage based on an academic level.
The limitation of the system is not much sufficient accuracy as around 80%. The statistical
systems work properly in practical but the load falls to students who have to search a
reading passage by themselves and they occasionally conduct a searching again if the
system returns an unsuitable readability level to them.

The question to be solved in this paper is to find a solution for matching student
readability with their preferable topic. Furthermore, to improve an accuracy of passage
level checker, we extend the existing statistical passage level checker system using neural-
network by integrating the three features into a single model and compare the result
between those two methods. Last, each feature is focused to compare the efficiency and
reliability among them.

2. Statistical Level Checker with Personalised English Passage Suggestion

Statistical Level Checker with Personalised English Passage Suggestion is an automatic
system for matching student's readability and a difficulty level of an English reading
passage with student personalisation. The system consists of two main parts; student
model and passage level checker. Student model represents student information for
selecting interesting passage and improving English skill for individual student while
passage level checker is a tool to examine a compatible difficulty of reading passage to
student. An overview of the tool is sketched in Figure 1.

'ﬁ : Passage PR
student Model - Recommendation [€
ot ot [+ necornsns 2
o l Passage Level Passage
S Comparing Level Calculation
Students : Passage ;
| Level Model

Firel. An overview of the system
2.1 Student Model

Students model is a representation of student personal information in several aspects. To
recognise students' interest and performance in English learning, student model is
designed to consist of three parts; 1) profile information, 2) interest information and 3)
competency information.
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The profile information is a personal profile that collects details about student name,
gender, age and current academic level. The interest information gathers student
interested topics and activities including their desired occupation, hobby, sport, favourite
food and beverage, favourite song genre and movie, etc. The competency information is a
collection of student competence from test results. Competency tests are designed to seek
out student strong and weak fluency of English reading skills. The result will help on
selecting the passage full of their weak linguistic feature which will improve such skill to
individual. An example of student model is shown in Table 1. With the information, a
passage retriever and a similar topic recommendation has been applied to select an
appropriate passage to satisfy student interested topic.

Table 1. Examples of four sentence types with underlined criteria

Type Subject Student A Student B
name Peera Chareounsap Chutima Lakprae
fil gender male female
pra= age 15 14
academic level level 9 level 8
desired occupation veterinarian, astronaut dentist, scientist
hobby collecting stamp drawing
sport football, tennis badminton, swimming
interest favourite food pizza, noodle noodle, ice-cream
favourite beverage soda fruit juice
favourite music genre  |rock, po pop, ré&b
favourite movie thrill, sci-fi romantic, comedy
time |vocab | grammar |summary | vocab | grammar | summary
bt wilt rosutt Ist 17/30 12/30 18/30 17/30 12/30 18/30
P y 2nd 19/30 15/30 17/30 19/30 15/30 17/30
3rd | 20/30 | 14/30 20/30 | 20/30 | 14/30 20/30

2.2 Passage Level Checker

Passage level checker is a tool that automatically identifies a readability level of an
English reading passage by comparing to a passage corpus. Three linguistic features;
vocabulary, syllable and sentence complexity, are exploited to distinguish the differences
among passage-level. In training process, level models based on the number of levels from
a passage corpus is generated. The models are afterwards used to determine a level of a
target passage and the tool returns its grade level as a result. A diagram of the passage
level checker is demonstrated in Figure 2.

e = - —» training
Passage | _ | Syllable | __ | Model
Corpus Generation ;
; Vocabulary —> testing
- Sentence
English Complexity Level 1 Level
passage Complexity Score Score Classification of Passage
calculation

Figure 2. An overview of the passage level checker tool

In the pre-process for constructing an English reading passage corpus, Englsih
passages are word-segmented by white space and sentence are divided by full-stop,
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question mark, and exclamation mark punctuation. An abbreviated form of auxiliary verb
is expanded fully, for instance, “he'll” is transformed to “he will”.

2.2.1 Syllable Complexity Score Calculation

A syllable complexity is a quality of average difficulty of words existing in the reading
passage. AJAX syllable counter [7] is applied to count a syllable amount of each word. An
average number of syllable for each passage is calculated by (1)
ZLI(" 1)
=t 1
= (N
where ", isthe number of syllable of word ith and W is the total number of words in a

passage.
2.2.2 Vocabulary Complexity Score Calculation

A vocabulary complexity is a measurement of a lexical meaning difficulty in the passage
context. To calculate vocabulary complexity, word classes which are content and function
word are separately concerned because of their different significance.

A content word shows a stable lexical meaning and it is an open-class word which
opens to possibilities for expansion. On the other hand, a function word is a word that
contains little lexical meaning, but instead serves to express grammatical relationships
with other words and function words are relatively small number of items. Moreover,
content words are variable in form due to inflection. Therefore, words in a passage are
split into two classes and handled separately in word level examination. For content
words, lemmas' are extracted by Morpha [8][9], a lemmatisation tool, to prevent non-
matching inflected forms. To some degree, content words are recognised to be more
difficult than function words thus a parameter for a function word is set to 1.0 while a
parameter for a content word is set greater to 1.5.

Beside of named-entities, unknown words that do not match the reference level word
list are treated as the highest level since they are inclined to be a domain-specific word or
specialised technical term. A process of vocabulary complexity score calculation is
sketched in Figure 3.

P unmatched | ynknown Word
Lemmatising Level Assigning
Word Class
Checking E o
. e Vocabulary
Tunchion Word Level Score
Word | Matching matched

Calculatinﬁ

Words |
In Passage |

eference
Word List

Figure 3. A process of vocabulary complexity score calculation

With above mentioned criteria, a vocabulary complexity score is computed by (2).

1 A lemma refers to the canonical form, dictionary form, or citation form of a word, e.g., in English, die,
dies, died, and dying are forms of the same lexeme, with “die” as their lemma. It is different from a word
stem which all affixes are removed.
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CIL[(Lv 1)+ (Lo 1.50n,)]
7 z?=1(va,.er)

where Lv refers to a level of a word in reference list, ¢ indicates a content word, f
is a function word, n is a frequency, w refers to any kind of word and W, is a
frequency of i word.

F2 (2)

2.2.3 Sentence Complexity Score Calculation

Sentence complexity is a difficulty of sentences in a passage. Apparently, the more clauses
a sentence has, the more difficulty it gains. Basically, a sentence type in English falls into
four types which are simple sentence (S), compound sentence (CP), complex sentence
(CX) and compound-complex sentence (CPX). The main criteria used in this process is to
capture an existence and a type of conjunction and clause marker within the sentence with
co-occurring punctuation(s). The complexity score of sentence type is computed based on
an amount of complexness of clause(s) by using (3).

z?:](S'CPNCP'CXN”)
TOIalSeﬂleﬂCEf

where § refers to a simple sentence, CX indicates a complex sentence and CP is a

compound sentence. Ny is a number of a literation of a complex sentence and N is a

literation number of compound sentence. In case of CPX, it is counted if both CP and CX
exist at least one. The examples of sentence types within the corpus are shown in Table 2.

F3 3)

Table 2. Examples of four sentence types with underlined criteria
Type Examples

- The boy bought that books from the store.
- Coral provides good hiding places for fish.

S

cP |- He sees the recycling truck, and he also sees Janey behind it.
- It is really dark in the art gallery, but Harry has a light

- Dinosaurs lived on Earth long before there were any people.
CX |- When he pushed the last sign into place, the seven lines of light shone into the middle where
Henry used to stand on.

CPX |- The man wants the painting, but Harry doesn't have it since the painting has been stolen.
- The two friends silently agreed, but their faces showed no fear though the beast ran toward them.

2.2.4 Model Generation and Level Classification

In the former implementation of statistical passage grading system [6], Neural-network
[10] is applied to generate three models to determine the level of a passage. Currently, we
alter the model generation in two steps by creating a model of features and apply the
obtained model into vector to generate a level model by neural-network again. Figure 4
shows a comparison between former model generation method and the new method.

Neural
| Network Network

=
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Figure 4. Flows between former model generation and the vector model generation

The difference of Figure 4A and Figure 4B is that the proposed vector method in
figure 4B could explicitly return an available method to examine feature impact for each
level. Once a passage model is obtained, it is used to classify a level of the target reading
passage by the use of neural-network to determine probability as shown in Figure 5.

Neural
Network

Sigmoid Function

Figure 5. A level classification process
2.3 Integration of Student Model and Passage Level Checker

Once student model and result of passage level checker are gained, the recommendation
seeks keywords and a domain topic from the retrieved passage and matches the found
information with the interested item of individual student. The final result of the system is
an English reading passage with preferable topic and suitable readability level.

There are two beneficial aspects for incorporating student model and passage level
checker. The former is to help students to enjoy their reading with their interested topic
passage. The latter is to select a reading passage with an appropriate level that suits
student readability. Moreover, the system has an optional function to choose a passage
which is compatible to student weak skills by observing the competency information to
especially improve such skill. This will improve Thai student in English learning with
their better attention and motivation and it also becomes a student oriented learning.

3. Passage Level Checker Experiment

3.1 Passage Corpus and Reference Word List

Reading passages used for training and testing were collected from reading passages and
supplementary reading passage assigned in school class approved by the Ministry of
Education of Thailand. The chosen passages are for Thai students who learn English as a
foreigner language. The reading passages are divided into four grade-levels based on an
academic grade of Thailand; junior primary school (grade 1-3), primary school (grade 4-
6), junior high school (grade 7-9) and high school (grade 10-12). The number of passages
for each level is 200 reading passages and the total number is 800.

To examine word level, reference word list is collected from vocabulary list
approved by the Ministry of Education of Thailand. Table 3 shows a statistic of the
reference word list of each grade-level.

Table 3. A statistic of reference word list from the Ministry of Education of Thailand

grade level content word function word total
Jjunior primary school 560 33 593
primary school 2,111 71 2,182
junior high school 3,566 82 3,648
high school 3.802 57 3,859
total 10,039 243 10,282
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3.2 Experiment Setting and Result

To estimate an accuracy, 5-fold cross-validation is applied. Two methods of model
generation; three model method and single metric model method, are tested separately.
The comparison result between former model generation method and our method is shown
in Table 4. To compare efficiency of single feature, accurate result of each feature and
combination of features separated by level are shown in Table 5 where Sy, Vo and Se stand
for syllable complexity, vocabulary complexity and sentence complexity respectively. A
total amount and percentage of accuracy gained from each feature focused only from the
correct results are given in Table 6.

Table 4. A result between former model generation method and the purposed method

Fold-1 Fold-2 Fold-3 Fold-4 Fold-5 Avg.
Former method 86.72% 84.38% 83.59% 80.47% 82.03% 83.44%
Metric method 83.59% 87.50% 88.28% 82.81% 85.78% 86.25%

Table 5. An accurate result of each feature and combination of features

Sy Vo Se Sy+Vo | Syt+Se | Vo+SE | All | Sum
Level 1 2 6 4 23 20 37 47 139
Aot oE Level 2 2 2 20 22 41 46 139
Correct Level 3 2 3 6 16 38 36 36 137
phiease Level 4 1 9 15 36 35 37 | 134
Sum 7 16 21 74 116 149 166 549

Table 6. A total amount and percentage of accuracy gained from each feature

Syllable (amount|%) Vocabulary (amount|%) Sentence (amount|%)

Level 1 92 66.19% 113 81.29% 108 77.70%
Level 2 90 64.75% 113 81.29% 111 79.86%
Level 3 92 67.15% 91 66.42% 116 84.67%
Level 4 89 66.42% 88 65.67% 117 87.31%
Sum 363 66.12% 405 73.77% 452 82.33%

4. Discussion

The proposed model generation method does not give sufficiently higher accuracy than the
former method. However, it allows us to directly investigate the impact of each feature
rather than the former one which is hard to access to feature tuning.

From comparison of each feature, the sentence complexity constantly shows
reliability for classifying passage level and the syllable complexity is a moderate feature in
this task. For the vocabulary complexity, its accuracy obviously depends on a level of a
passage. The vocabulary complexity performs greatly for lower levels while sentence
complexity shows decent potential on higher level. Since the lower level passages (level 1
and 2) contain reoccurred simple vocabularies in the easy conversation style and the
number of lexicons is small, vocabulary complexity can capture them simply and returns
the most accurate result. In the other hand, the higher level passages (level 3 and 4)
contain several lexical meaning words and the variety of them based on different domain
cause the performance of vocabulary complexity to certainly drop. Moreover from error
observation, we found two major issues which are unknown word issue and multi-sense
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word issue (polysemy) to emphatically lessen accuracy of vocabulary complexity. The
former issue is caused by the missing word from reference word list. Many simple and
general words are absent from the list especially a noun, for instance, “dragonfly”, “coral”,
“glove”, “dinosaur”, “motive”, “helmet”, etc. These unknown words are ranked to highest
level and cause the system to determine a passage containing them to higher level than its
realistic level. Since the reference word list from the Ministry of Education of Thailand is
not reliable because of non-coverage issue, the solution will fall to garner the words from
the passage corpus itself and rank them by existence frequency in each level. The latter
issue is a word with multiple meanings. They cannot be handled in the system efficiently
since the system recognised them as they are the same and treat them as its lowest level in
the reference word list. This causes the vocabulary complexity score calculation to give a
lower level to a passage than it should be.

For syllable complexity, the length of syllable is not a certain measurement for
reading difficulty since some short word can be more difficult than the longer syllable
word, for instance, the word “woe” which possesses one syllable is definitely harder to
understand for English learners than the word “butterfly” which counts as three syllables.
Therefore, the performance of the feature is not much reliable for passage level
determining task.

5. Conclusion and Future Work

In this paper, we purpose a statistical passage level classification system which provide an
English reading passage with proper readability level and preferable topic for Thai student.
Student model is applied to detect student interested topic of reading and their readability
whilst passage level checker provides a level approval to filter a reading passage that does
not suit student readability. The statistical passage level checker distinguishes a readability
difficulty from different level by calculating three linguistic features which are syllable
complexity, vocabulary complexity and sentence complexity. Neural-network is exploited
to generate a level characteristic model based on three above-mentioned features from a
reading passage corpus to prevent a rigidity of inflexible criteria for different English
learning standard. From the experiment result, the average accuracy is 86.25% while the
sentence complexity score shows a potential on passage level determination for a single
feature. The variable accuracy depending on passage level falls to vocabulary complexity
score which encounters a matching issue from reference word list in terms of polysemous
ambiguity and non-coverage lexical entry. To improve the passage level checker, we plan
to add word sense disambiguation to solve polysemous word issue. A better method to
gather reference word list will be researched for better vocabulary complexity score
calculation. Furthermore, new linguistic features such as speech type (direct speech and
indirect speech) and idiom usage will be attached to specify more accurate readability
difficulty. For recommending interested passage, a topic selection will concern with more
implicit personal information, such as parent marriage status or their relationship with
community, to prevent suggesting a non-suitable passage.
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