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Abstract

Autistic children are less able to tell a fluent story than typical children, so
measuring verbal fluency becomes an important indicator when diagnosing autistic
children. Fluency assessment, however, needs time-consuming manual tagging, or
using expert specially designed characteristics as indicators, therefore, this study
proposes a coherence representation learned by directly data-driven architecture,
using the forget gate of long short-term memory model to export lexical coherence
representation, at the same time, we also use the ADOS coding related to the
evaluation of narration to test our proposed representation. Our proposed lexical
coherence representation performs high accuracy of 92% on the task of identifying
children with autism from typically development. Comparing with the traditional
measurement of grammar, word frequency, and latent semantic analysis model,
there is a significant improvement.

This paper also further randomly shuffles the word order and sentence order,
making the typical child's story content become disfluent. By visualizing the data
samples after dimension reduction, we further observe the distribution of these
fluent, disfluent, and those artificially disfluent data samples. We found the
artificially disfluent typical samples would move closer to disfluent autistic
samples which prove that our extracted features contain the concept of coherency.
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1. 4&3% (Introduction)

H PAE & — i i H O E R AR AE R - R EN— R BB AAE s - &E 8
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SRR ZE (Regneri & King, 2016; Chorianopoulou et al., 2017) « F{FI1E & shs rhHE
— BB (] (Y8 BURS FS R B IS - S (B2 RE 49 F ) B PAYE DR SR 727 B it
ENE RIS R BBV E IR B E PE A E e 5 -

B EE T B PAE 4 E R BB o M (50 FHET 2 1 [EIHIRE s - R EEie R RER R
At 22 (5 B B BRI 72 25 1Y 7% 2 (Rouhizadeh, Prud’Hommeaux, Roark & Van Santen, 2013;
Rouhizadeh, Sproat, & Van Santen, 2015) - ZFZ W52 5 45 HAH B HLA %3 » HEAREAE
B A — (e B R EE ARGt S5 (Losh & Gordon, 2014) - B2 H A i ke
NENRRE G o 2 80r > B BE/NE SRR > s R ey —(EE T
B E R > G = RS SR BRI 2B 15 6 2 [E AV R S BE % (Capps, Losh, & Thurber,
2000; Tager-Flusberg, 1995) - Tffj gE A 7% 2 WY R i 5 30 52t 275 I 9T 81 22 58 & (Diehl,
Bennetto & Young, 2006) - [fj{E—7= ACL2016 AyF5E H 5 H T 3 2 Rl sl - 1 B ARt =
ZEREE S MBS E L - #E R EEE AR 2 B E (F i & 4 B B
TG o 2R 0 DLEJUA B R R AS A | SRV B 3 A et - fsr Ty & - HE 2R
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EE T R FI B G S R 3 0 R i54E [H (Graesser, McNamara, Louwerse & Cai, 2004;
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T AR AR RS B & TR S (LI, Monroe & Jurafsky, 2016; Koh & Liang, 2017) » F{fiiiz2
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2. 5% 757% (Research Methodology)

2.1 &F}E (Database)

Bl AP A EERE > 55— 2 T SR AR B AR H A i R R
B R B PAE B IR B R S R R - 55 T E R U T S B R Y B
YL - FRE N RO RS SR AR - 5 T (E &R R AR TEI ISR -
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211 BRlE—HEER A E RIS ERE (Database 1)
BRHE YRR PUR SRR AT T A B 5 R S H PE L E SE R > (E
WEREL RN > WEHEAFGE—AEL  ETEFENS  #ERER > #
—ARAMEERNNE - NN EREE R N e — B > el RS
FYEmAIC

MR HCRAE (E 155 (RPN 5 PHEZEri 22 7% (Lord, Rutter, Dilavore & Risi,
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TEEHEREE TR P4 T 67 R B EPRAEEELTA 28446 SHUERIER - 15
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2.1.2 BRlE_ EsEINEERE (Database 1)

ERHE e 4R B IO B SRR nI A nE PSR Mok - B FBEEE T NSRS &
LIRS - 2RE R BRMITE SR AV E R - 28 VUER E 7 hl Rl iEE ~ IR
B -~ E AR ERERE DU GRS - TR > RFIE RS T 24 RECEIE RIFIN
THASRE R EE - 484 96 Rl EE ~ 59212 & » 3% 2 RyHRARVRIL -

2.2 SEEERBERE (Lexical Coherence Representation)

Pre-train stage
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[Figure 1. Architecture of lexical coherence representation]
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2.2.1 EFHEN (Data Augmentation)

s E - BB RHEN T s & s BB E R Z B R - #EA BT
TR E A 4L ISR BE B IR 22 % » (B E BIRE EeE B e e h & Cas g s 7
SEAYE B4 (Fadaee, Bisazza & Monz, 2017; Hannun et al., 2014) - 7E 802 0 B 5
— (& G BB B 6 7 AR T E R IR (&R « M n @ F1E B—E&k
A {5 FH B EE R SOAE A RISV A - I RE B —( a1k E S —E n ARVERHEE
Ao FERt L T SN EE A T R B R A& R - B T n B 1 3
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2.2.2 X 3FErEE (Chinese Word Segmentation)

TAEARAI S FRERAMTFE - # S R 22 MR B dm A SRHIRE B R (R ER 5L
X B EEE b DA KRR 2 fERE o RIEIE A S R EREI S 2 AT 25
SRS A TR AR = o SR A4S TS ETEE (Sun, 2012)5E (I8 T 2 AREE - 4505 EHIE
RESEA RS e HEE - AT ER MAFPEITEHENC =
C1, Gy, Cu MIEGHS = Wy, W, Wi, Hm <n - HR—EFE C KEAEAL—FEA]
RERY &l S - D EIFEMAER S EIRER R ST S &5 -

P(C|S)P(S
Seg(c) argmax P(S|C) = argmax M
S€G SEG P(C)

BRI

C: FilE &y LFHE R 2K

SL: FiE / &ndy 1 FF [ EE 1 OE] 1 KE
S2: F/E [ dpdy [ L HE [ [EE] /K

S1 /1 S2 (FEA R A4 & - IRIEAERY &N S - 58 m AY(EECRE - m oK > &
PRSI AT RE SR SH MR -

2.2.3 P CFiEEE (Chinese Word2Vec)

BLEE S (E RIS ERER IR AR [E] » SCARZ BB - N2 BTy « By T (0 ERE 4 A sk

RS > BN AP HYE— P TN B E S R & D7 AR PP eE e e Ay {5

T HTEMERAEZE MRV R e e b - BRI > M IER A B AR s A m Ay el ) & -
N mEE 2= (Mikolov, Sutskever, Chen, Corrado & Dean,2013)/&—fE & HEEI Y
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TS B R R A 4 ) 2 2 PR AR Y IR ASE | o FRAM AT DU B E T B Hﬂf‘aﬁ%%ﬁﬁﬁ%@f@"ﬁ
B R 2 fE AR - Mikolov 2 T IR [EHY 704 - — /24815 43(CBOW) »

fédiiE Skip-gram (Skip-gram) o fZEFE N T WitEE T BACR S AV DUB T LRI & 8RR - ?FIJH%
5 A RN & 77028 - s RO DUDA—TE B %y 77 =22 IERERY 2 7~ 7772 (Goldberg
& Levy, 2014) -

EFEIMIEF CBOW R H My Ea i A4dEs - E 2 EAREHIA 2c MHAEERY BT
e AR THOM B AR - AR S K [EEEREF 0 - A - e fimdiE - WA
[ i A HE A Y B GRS (one-hot) 11 & - FRFIEEA K x V i A @415 E15(E
FEAREE BN S mE wo wBNHERE B EET AV » e fISEE L BNy FaE & V(w)
EREE e 12 PN B AR woo g% 2SRRI DU S A SRR 2 8 AR E R
FHERHEE — DA B M} e — i 4 B SOAE 31| 4 ) S P ) AV A 4S5 - 1T Sl AR B0 A (AT I
H & #5788 ¢ OOV (out of vocabulary)” [a & -

2.2.4 ESGHASBHEK4E4% (Long short-term memory neural network)

BRMAEEERGE E SRR SRR &%T@JF%EE}%B R4k 1% » FEHUE = R0
oo RIBLAE A ET - B i B o 22 3 16 i = 4 BA 50 18 1 &€ 49 4% (Hochreiter &
Schmidhuber, 1997) - 4G BACIE 4I5S 2 — T8 E [ I F7 7 aC 4 s - KA EAsCIEH
ez O R H P S E IR F 28 G,

Ct == tanh(WC b [ht' xt] + bc)

Co = fr * Coqtip x C;

i R HARC R R M A B R AR A B e S 6 R B RS IR e T S R Ry
SEE o SNETHRHIE RIS R SERT > REMIAERE MG 320 R e B8 20 PRI BB R L -
R AR RS MEEE =M/, i, o) -

ft =0 (Wf “[he—q, xe] + bf)

iy =0 (W;-[he—q,x:] +b;)

o =0 (W, [he—1, %] +by)
T4+ =ECRE S EHHEJDEE?’“%‘JL%E’J 25 TG o3 3 08 o SELH AR C Y i i B, TR P A
FHItE— T&%H%”’“T’E%ﬁ RIS Ry —TEH & 070k - BT E o R B U T4 AE

DORE T SRR AR AR 1 T’EZ%%)J#M[:W@?&?%Z bR AT HARC IR AR 4R e (Y R el FE 1y 128
4 -

2.2.5 EERGERE (Lexical Coherence Representation)

Fo TN T B IS LAV RER R FRMT 5 JofE Fl BB IR E SR S - SR ok
AR 1?%?*21?3?%![%#?9’3%)]?‘*4 b2 % - AR BAFTHFAITHI ISR AL 8 5y
SRS E > REERE-RETEEEME - SR EEEEEN TR - LOBHE
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THE—EITHEE - JRIRBIVAER « BRI E NV E SRFEEW, - $2HUE - TFTRT
DIEtEY - ERERE A A RGIEE SR HE S,

]?t = W~ [he, x¢]
NG EZEREA > B n (@51 @ T2 5K 87, LN x K KNFFH] - Bl
e B EEE R AT E EEEINFR PR -

F=g(f . fr)
Her g 2R 17 {E&EHZ e > s AMEMAX) > F/IME(MIn) - 258 (Mean) » Hr 78]
(Medium) » fE4E7(Std) » 1 537 8(1%) - 99 H o fir#(99%) » 99 Hrfir¥- 1 Hofir
(99%-1%)%% - {5 (skewness) » 1[5 (kurtosis) » &/Miz(min pos) » A fiz(max pos) » P
43 fir# (lower quartile) - _FPO43-fir 5 (upper quartile) » |- PU43fir # & [E (interquartile range) »
i (power) » 1 #Z=457(point difference) - 12 (& F (F2EHERMEARNEE R RIGERE -

2.3 WGEHEfE (Cohesion Matrix)

LV wxxxsntsras
=

SrR M EPE(Text Cohesion) »

Stepl B A GRS 17 2 30 W FR T
M s 23

HERS: B EE_ERE
TRAE

HSH » BICEIRANE  SEARSENT « Md EWA
T W—WEENRE - LM ER—ETEIMGE - HEE - BI%T
BRAETE - BAHHATHIR - ENREXART - BEME 0k
H0E WG - AN IRTLOEE -

Step2. IR AR & S 1T IR IR

---MEBR W (LSA)--- --- IR (word overlap)---
Local LSA < BBoverlap

¥ Global LSA + HEoverlap

¥ LSA GIVEN/NEW * Hioverlap

¥ LSA Verb Overlap

AR

2013 (FRIFHHFFRER) BEUECHEABREREITEF & AHRERA J

67 2. JHe RAE R i B AT 1]

[Figure 2. Extraction procedure of cohesion matrix]
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TG AR R B AR E e RN H B RS 2 — - TETEEEN 20t > WEE
AEE & CIEERIECE Y N2 (McNamara et al., 2014) < & 77k (L FE A R A A DU S
B ARE s R S T AL AR (R © A TAERSAR USSR - il AR
HIFE A i) LSACERER M) HERTE - AMRETER{E LSA HEMERZAAEM
g o
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BAMIFEHFTARY 20 4R > maEiE R MR U > TR 2R IE 25% A5 I S &
SR fEMERE - PN A ERER B A ES - 2UESEAMEES - B A T4
REARL ~ I a) 45 A DUDL R B 7~ R /N BE Ba] EE R R -

JE el #aE B B R f e R T EAH A A T [E — R E AR - 2SR
fEEt B R — R X E T THENEERER - BEfsla S m s EiEsts
A F45RENIREELE - STERR(E A 45U - A4S OME— R E
w2 IR dmiE R B 7774 (i & Eisenstein, 2013; Cheng & Liang, 2005) - 4 e 18 E
o RoREIR ) 4R R By B AR A (BLFESR A ~ MHBRECUIR) AT BE « Btk —(EFR e EE
TP B R B R AR AT ME -

2.4 %,FE&?EX%%}E%(TF-IDF)
TEFEHRESE (TF) DU E SCRESE# (inverse document frequency » IDF) Fir4HRY »
H¥ A 7FRER:
MYk Cij
SRS EEEES | (ECENEEE oES | HEEEES CE R EHIRX
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3. Est R&EE (Experimental Setup And Results)

3.1 EEigst (Experiment Setup)
f ERTEH o FRIE AR R AR B RS E RHEER R A E B B e O E PR 2 [
TR - FAMERER YDA
(1) sEFRRESOREARR 3L 2034 eV RHEE
(2) G AERE 2 20 4EAVEFEE
(3) EFHHAECIE thaRagas U bR i ok & (R R O T 47
(4) EERGERE AR 2 F£&

R T S TERE R B OB B 401 Coh-Metrix “EBER A AT ) F 2
AT - el R — RSO PR IATIAIE - &R AT ) TR s
R RS+ ATLRFRACEE » [ BIR RS - EM TF-IDF K5 5a Hear
UL A T 5 B T — R — RS SRR R RS S -
T LSTM RIEAE (R BB EL % 505 (e + 46 L — I G oM o A A R
TRPHRH TR R (R T 2R (B R SR T - RIS & 5k
S BREFS B 9 T  E F R  » S0B5 RS 2 S B F R 7 A B AP TP =

B 1 5 LSRRI R MR R B BRI - BRI A /RS B R B
(VMY TR L RO + 25 R TE I G I AT o ok S (TR P R I 5
SR - S AR B T AR R A () - BT SRR ARG
(B AR T PTG T (T B A R B AR - TR I Bt Al
RIS B (IR A RIS B ER(UAR) -

R A R PRI A R R B P S0l P T 4
FHEES 5 HP ORI I s SR R R T

B

3.2 BEE%EE (Experiment Result)

B BRI IENVAE R - (F TFIDF J3k 5 miS U E B ~ RIS R MBI 28
B AR~ BT - ERRT - P #LEE PE R EAVRUML S B A B
SR A o BNECEN A ERET - Gl “RIET - BT - CHURT
“ET o tEfaTHEC Bt TD (Typically developing) 32t HURUIUEAR t B4 AR AV S« LD -
TIGEEM N E RN “AEER HNET T SRR EESCE R
AEETFHEOME" o “BRIGENATAEMNT - Sl  MEN S BEREFER
W% B AREIGI OB - eI LI TR EIAS R -
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T 1. TR E R

[Table 1. Performance of different features]

Features UAR/p value Accuracy
Coh-Metrix 0.73/0.12 0.74
TFIDF 0.77/0.10 0.78
TFIDF + Coh-Metrix ** 0.80/0.04 0.79
LSTM ** 0.85/0.03 0.86
Lexical Coherence Representation ** 0.92/0.007 0.91

TEP RS A » 32 1 SA4E IRV EBRGE R - JEGHY A BT S 2 1 {5 A M
REHEERGEFRE #EF] T UAR 92% o BELEMELEAVFHECRIGE MM TFIDF
JT7ERT T3%FI TT%HEE T - H2EE KA - A » Al —E2E i A& EHHT
TR BT o AV RN - 5T ERE - (E R R MR HAYEE B RIS fF}}f"”)Z?ﬁ
SRR - 7 sk HL Y £2 B B PAYE f4 EOSUCAR N SRV ETS HIBRER 8% A [0 (B2,
ATFTER BHVEE B R G E FHEUE H R A SO BRI N B 2 BT A 2Ry > i PER
{5 P B R AR U R R U AV R A 5N - 1% » IR Ea T 3E R A ‘H
AN BRI EE £ 25HTERIVER - ERHEAP P EEEN A%
R LT n=5 AR 1SR B F R -

F2. FIBRS LI T I EHER

[Table 2. Performance of different augment set]

# of sentence LSTM Lexical Coherence
n=1 0.76 0.78
n=3 0.85 0.87
n=5 0.78 0.92
n=7 0.79 0.81
n=9 0.71 0.81

e H PAEZ BT 22 8 R (ADOS)F R LIRERE JAVEF T lisE T (3% 3) » FfMae3iit
AT TR YRR RS R > AN R o AT T UG FE S MR AY” Faltis " aAd
> FE = 73 R AL T REEE E] 80.48%H MR -

3. NG/ T/ I

[Table 3. Attributes of behavior related to coherence]

4Rt HHTHN R
A4 ZINRANE B 56 0.5378
A8 =R 0.8048
A7 HEEM 0.4208
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3.3 E‘Eﬁﬁﬁ (Analy3|s)
(Cohesion matnix) total feature LSA own (Cohesion matrix) total feature LSA B own (Cohesion matrix) total feature LSA
, s o - : x " >
D s
R, P "6 Ea

“ ® o L] 2 L] % oW ) “ ® o 082 M % 8 @ 20000 M & & W 2 M % % 0

3. Bz E GG ARBITAF TR Wﬁf‘r@ﬁ B F PR FET

[Figure 3. From left to right, the green dots represent the samples of random word
order, random sentence order, delete random word in sentences]

BB RGBT s S et - (H R - B TR
AV E RN - (AL - FMIERA TR 38R ICLR BT 7A(Li et al., 2016; Koh &
Liang, 2017) 2 — IR S A PR MIAVRFEL - AEE(E T oh - BAFTE o B T al s
INZEREATHRENRR « A7 IRF - SCEMIFREE PRI - SRR
REBEA > FIRTBAERB R I AR R R R i ] AR R EE R 10 - 2
P& AP — 21 [E] g (o P W A e ] 2L P A A A AR Al (RIS T 8L BT e ~ (B R
PR E B T Bl Fp) - ZREER R B R RS 1B T AE My 22 [ sh Y B R AR -

own (Cohesion matrix) total feature LSA

own (Cohesion matrix) total feature LSA

.
15 L >
L :. LR :. ®
0 * L L 10 " e e
L] LI . L)
L L *
5 ® L] . - 5 L] L]
L ] L ]
. o i ] o
0 o .’ 0 e,
o J o
-5 ° e ,* 5 s Moo
Dal AR
L] L ]
-10 = Koot L -10 - Ve
44 46 45 50 52 4 56 58 &0 4 46 50 52 - 56 58 &0

B 4. HZB L5 R AL F/FE a7 ~ [ ER A E FEEFT /L /7
[Figure 4. From left to right, the green dots represent the samples of random word
and sentence order, delete random word and random sentence order]

B SR AR A A PR R LA SIS A AR A A
B AR R SR 2 BB PAE A B 2 [

BB

Rz ENERIEA  ALEMUR B PEZEAT BRI -
SREVERAG - BEE 4 A
BURTRMIAYRAEEE S B A =R A i

R UR A
ERBIIEE -

PEHITIE L © LA > BEE IS LA YA UG H] (R T Bl BRIy ~ [EIRFINBRES

JE T BT AL ) HE AR A -

RS SR UG B PEREA - BT T

R > TR HAVRHERE S S A FR TG A - I H i & SCAR FERTRIGIEE -
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[Figure 5. histogram of samples]

B EH EPAERA « MBI ZEREA > DU AR RS SR S8 27 A A (E
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4. %55 (Conclusions)
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