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Abstract

AW, EEEEEDIA T4 v T A LEREOMBERESLLEZANE L, EED
B L RBEOTENCER Le, BEFEE2 YT 2 HRADORAEDIREL - HFEL Yy A DFA
T4V I7Tue AT =g v, FROEROHG EHBEOBIENEESA T4 7702 A0D
TEEE L7, T o OZEE RERMEIEEE & OMBISHT ORSR, FIRICEIHEZ BT 5 LR S
BRUEDEFE b, FERNEEINDT DI LRSI, £, REOHRITE &SR MEREORM
12 b BREATHERR S N iz,

F—U—FRIWESATA VT, AT v Tav R, fERME

(=492.2]"=

=ity

FHEDEERETIE, ChETOREICBLTHY - M Lo ZEWEEHICZ T,
T B LV LHABWRIOBTRICD BRPEI»NODDOH D, HROKRYARBEOE Z T
BT, BAR2AMoBETERy, BENCREN2REEUT 28 1A%, 250U
ot BTOEEEEEHED 5, SHEFEROMEO—> & LT Tiws - B »Hi7zi
BAINTz, CORHETE, TE L) OFEBICBWT TR OMBRCREME TR L TE
FEOURAAIENTE D) JLOEIEPIWHFAINT VS, wmHENACEEZERT 5729
ik, TXAMHNOTA T T E2BUNKE RO T B0ERH 505, = O&KE R HE S O R
(Cohesion) & W IHESTH 5,

EROMFATIE, TR LTy A OFERIEZFHI T 2 C L ERTH - 72205, FERMED T
ATAV 7T ADHTED LS I - I N5 DI D0 TOMEHZTH7IcfThnT



FHIEBERY: YA 72852 - 3 Affs

Wiz, KT, 74 74 v 7O BRICE T 2 EHEERE S, SBEOHERERE T ofTED, KSR
WCEDESIHET MO0 TIE, BHERAMRIEESNTHR,

K id, EELBHEDEEIA T4 TakRl, LEOFLEDDRIEZRTHET
HDEERIEE DBRICOWT, 94 T4 v 770 ADTFT— I oBBEINE T4 T4~ 7k
PR & BB T 27BN S A2 YT TT N - BRWICKRAT2b0TH B,

HBREESA TV THED - Ty A5

Halliday and Hasan (1976) (%, f&# %2 157 % 2 FNICHEFET 2 ZHOBIMR (relations of
meaning that exist within the text) | & E# L. #KEEDOH D H 2 BED IR HH D F 3z 0 SRR 4K
FT 5 EZICREENELS, ELTWw3, £/, Crossley et al. (2016b) Tl, FHATAT
XAMATTATT7EMOIDIT B EDNTED LS BEENTIHD LLERSN TV S,
WEOH B LELEIZ, TXAMOIEIERTATTHEDY, SENICHICAZX 2TE TR O
DVTVREINETHD EVR D,

Halliday and Hasan (1976) %, 58O AE T O S DOEFICEILL T» 5 ¢

1. 87" (Reference) 1%, fRAFILIEREE (EEi the 2. this, that, so %2 &) 2 &k ->T, 7
FAMNOMOERESMT 5 2 L 2ERT 2,

2. fUH (Substitution) X, & THNIFone, FEFTHNiTdo kEE VT, BICE
INFERE P OETESRALLDTH S,

3. 44Wg (Ellipsis) &, %679 20 E & T 2L AT 25481, Zn6%2EKT5C
xS,

4 #:%5¢ (Conjunction) Z, BEFGFAIREIFIZ EDOLEZEICL ST, 220X (HB Wi
fiil) PRSI NTVE I EEET, N5 4 DESUENRTRIEIC 2 b2 EHRE SNT
Wh,

5. FEBEMIFEH (Lexical cohesion) (%, [Fl—0FEPHHFERS, LAEEk &2 MHwT, 3XEXL
DOBEHY BRI E D EEBRT 5,

INGLOERZWT LT, XEALDOORD A K DIEEICE D, EREDH LT F X b
FEHE N5,

% 7z, Crossley et al. (2016a) %, FEREFEOEH Y — TH % TAACO (Tool for the
Automatic Analysis of Text Cohesion) ZBHFL 7z, Z DT, FEHEDREEEZ SH>DH T IV
WWHEEL T3 (pp. 1230-1232) :

1. ZEHEMNLHM: (Lexical Density & % 13 Type-token Ratio) 1%, 7z b 5% (type) %A
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B (token) THEIZ Z L TT XA FHOFERDEVIRLEAVERT,

2. FBEINEME (Lexical Overlap) &, BRVEPX DM D, M4 7, WA - HEA
HOEAVERT,

3. EBRWEME (Semantic Overlap) (X, WordNet 7 — & X — 2 2 L ¢, X & VB
EEcoRZEE L v b (synset) OFEEESVERT,

4. BEfEEEF (Connectives) (%, Hifitai PRIGHZ: EGENTE D, BEWN - BEM KR
372573 HdE, Halliday & Hasan (1976) 2 &k » TIRES N/, KW - DAY -
KRR L o b DIt T b5,

5. BEAIME (Givenness) &, WA TH 2ELVERT HOT, AMARLTFECIER,
FE i the 7% £ O & EN 5,

BEL ORI N2 T4 7 4 v 77 A b OfFliE#EP 2 — v v S FiEHES A (CEFR)
e LTy | RIS b B FHEEHH PEEIFEL Tw 5 (LR, 2011) 7oL, fERbE
37474 v IRIICECBERL T AMETH S EEX 5N T WS, Liu & Braine (2005)
. FEEEDRFE T IR E A KA % WRIC Halliday & Hasan (1976) THEE & 7 oSS
BEOMAMEE L Ty A FIORBRMELZHEL 2, ZOfE, BRIEROMFHRESS Y
FiFETy A Ml E» o2 EME L CTwb, HERIC Yang & Sun (2012) 1%, ARE A
HEEDT v A 2oL, ELLHASNHEFREEDO SR E T v £ 4 5l & o BB
BhHbHEHEL TS,

HADUEFEAHEEZRRE LA D T T0 S, HH (2020) 1k, FEHEFICALN D
FEOMERAEREBIZT 2 L L b, ML T v &A1 5 & OREMERMEEL 72, MFRE L
T, AT L FERRIC A E DO EZEABMFNCHEHA T 2HA2HS itk o7z, e, £
Ry 24 FHliZ ERICTFHIL, ZofHRIERERRATHCO R EFEOLAMEMICHE
2G5 ELPLNICE ST,

—7J57C, Crossley and McNamara (2010) @ & 91z, #9 L b FEHIERES T v & 1 34 & B4
BLTWVZbITFTEENETETZHEDAS5NS, Crossley and McNamara (&, JEEERFEEES
FHDOL v A EEMFOHIN & OBE A MEE L 72 F55, BYE L~V TORERME T v 2 A §Hf
EHBI B 2 —T5C, XM OFEENWEGECEREET QMM & v o BT R SRR 2R
BEEEOSIREPRCHEAMEIC OV TR, Ty Al L 13 & A LBRED R0, H D VIFEDH
BAd 5 Lt LT3, R - 85K (2016) (3, AFMUAFOMA & = v & 1 §Hfi & ol
EOMBERIRYD ® 5 2 & AR T —/7 T, BB PEENRIEC O W TEZ y 2 A1 FHEi L ©
HABEDSA 5o 7z LR T %, Crossley etal. (2016b) %, 85 -SiESA T4 v 7Dy
A G & AEHR TR OB A MGE L, SRR RS T v 2 A G L B D B 2 L 2R

EEE D
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T, EhiFe AT O & AOMBE R T EHWMEL TV 2, Thb W%
E, BRI E S A T4 v UEHE L O, EMERBARES D B 2 L EARRL T D,

BREESA T4 7 70ER

ZNTE, TOMHMER. IA T4 v TR EEDLSICEET S EARAThED
THAH5h, CNETOESHEBLIWIEES A 74 v 7 7T o 2% Tid (a) FHEl, (b)
EA, (¢) #EELE WS, 3250097 T ak ANED EIFS5NTE7 (eg, Hayes and Flower,
1980), Fric, FHl L HERLES C OMBRCTERADBYUTEN TV S, Thbid, HEFOMEE
PRENE TS FOH, 2 L T2FOMRLmEOTMNICBEET b0 LEILNTE
b, DOV TIEHEREICHEEEZ SO LARRI NS,

FHHEICHERIC B 2 e TR Tl mRAEROFEZ FIco T, BEFRCPXEELEFEHO
2 AN R ORER O (SRERVETH) 217w, & 2 BRESCEHTEN L 7 a1 I3 HERZ
79 LW RIS T w3 (e.g., Hirose & Sasaki, 1994; Manchon & Roca de Larios, 2007;
Roca de Larios et al., 2008; Sasaki, 2000; Yamanishi, 2009) , Hirose and Sasaki (1994) . 54 7 4
v 7 a e 2T BRI EENIC N L, SEGEE OFH E FACE ORI NPT
DWTEIHHIL 72, HE Kb o BICHMZIT o720 T2MHIAPH 2 LME L, 51T,
Sasaki (2000) T, HHAEEOHE FIIH SN 2 HNICRAROEE LT 5 2 LARE N
T\ %, Yamanishi (2009) (&, EZEMKEZ AV -FE T, SREZEOEEFIRLE, X&E
DMt (flow) ZZEL 2B 6H LI LPL, NEZ LD ORBEEZEALNLELL
Wo e HikE, KD T B LTV 5,

F 7. FHHPHER ORI ZIC 2 W TH L L DR RS Tws, BEEOHEEFICE
\J B IRFEIBC 7 ORFE E LT, BHENICS K ol 2 8¢, BVEFBICIEFIENC, #E8IC 3 HEaIc
% L W% 2T B MEIAAH 5 (Roca de Larios et al., 2008; Xu, 2018; Xu & Qi, 2017) Z & AR X
NTW» 5, K Xu (2018) &, BIEATENICHE R Z Y TRao R, SEKRE T TEIE
DEGEHPIEZ T EWEL TV 5,

NS DHETHE TR SNIARL2 S, FHEFRICE C AEPHERIC O W TEEZIZT5H
=PI, LEMETBRUBCITS > 2, BRI 7 PO E2ES P Lidhvt
HHTE D, F, #HEUCOVWTD, FEKBICIBIEOHESEMT 5 L vw S B L 237
D, L7chio TAWISE T, aiEWEHE & EEP A Eh 2178 L LT, EFPRICEVTLE
NRZTOHGOEREE I ZI RT3, 7, #HEICED 2178 & LT, BEREICE
JRBIEORIBICERT 5, 2056 DR L RN 72 3/EC O FE A IEAEEE & o B2 Gk U

10l

1
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SA T4 v 7T uv R L ERIEIRE OB 2 AT 5,

g OFEROEIG NS WEEFIIRE, FRICEMNL D SFHEZELEL TToTw3 eFH
ZHN, ZOMREREDOD 2EDOEOLENIFET L ENRAEND, £z, REOEIEF
Eh% i, SRICHEMZEZER TV L I EPRAENE LD, 2606 bR H 2 I
%5 EPRIAEN D,

AEXR

KR TIE, 94T 47T rv2a—,82TH % WritingMaetriX Corpus (LI WMXC; £
HiEH, 2015) OF =22 SRR E T2, WMXC i2lE, HADOKRPICIEFET 2 WikrBH
(n=164) 2 LIEES NIz, BMRDIEFEL v A ORENL TR T 7 b 7740 E T4 T4
v ak RV 7 b = 7 WritingMaetriX (B I1Z 2, 2015) ko TSN I A
TAYITTRERADT 7 ANDPEENT WS, Ty 24 HEIE, 200607 0HFE WS 05 %
72 EEIHIR N C, AN 72 354 H % % 200-30035 & LT, WritingMaetriX ETHE L X 5 1iC
RSN DTH D, 2DMDT—FINED T E L7 — & OFMlIc > Tid, AHfED,
(2015) =& shizwv,

WMXC IZ&ENE Ty A4 #ED Ew 71%, (a) It is important for college students to have a
part time job, (b) Smoking should be completely banned at all the restaurants in the country, (c) School
Education ® 3 2 CTH %, FEY /BT L RICHZ B ELEEL, KHFETEROT Y £
1A DRE % o7 (a) DPEY I TCEDIPNLZ YA DAREDITNGRE T S, IEL L GHR
BhHRENTORELELE, F=2 A MHIEH 202N L, REMITOITRHRE o720
154K CTH oz, TONWRNROT — 2 OFIFERITIEIZ40.2697 (SD=7.89) TH -7z,

T—5 IR - 5

I IR FTHFRHTERSE R 4.3.3 (R Core Team, 2024) %2fffH L7z, ChbDI4 747 70
AT =06, BETRICBTEHOEE R S RICHREBIC BT 2EIEDRIEE R L 72,
i - A& o R o BIfEIC o v Tid, BREERRT % 5 21X 5 72 Xu and Qi (2017) 1w,
BT — 5 OEEDORIE D bR D20% % FFiE, K THTD20% %% L % L1z, BIER
Hiz>w»Tlx, Backspace ¥ — &N LzmE & L7z,

R O E 11, TAACO 2.0.4 (Crossley et al., 2016a) % JH\>7-, (a) ZEAEAIZREM:
(Lexical Density), (b)ZE&WEE# (Lexical Overlap). (c) ZBRAYEM (Semantic Overlap). (d)
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BefiiEt) (Connectives), Z LT (e) BEAIE (Givenness) @ 5 2DAh T3V D, 150%H X %
FERMERE SR SN 720, SROT Yy 24 3T RTIREBRLE B> T 570, BEHD
FEREINEE LR LD, BIEIC OV T ORI L, AFH104 DIEEEE TR E L,

FPE DFER DEIE LB OBIERIEL. 5 6 MIHERERED ZhZniconw T, ke =
EEHT LI, BTV v ORBEHBRKEEL 2,

BR-ER

BEFRICB T 2R OE AL b KRB T 2B EORIBO S 2K 1 1o, bk %
LR T, 20N, FEOFBTEB I E700EA2EE LF v sHEEFERS LI L
Bas, —HT, KEOBERKICOVTIE, HEFHTORXEOENKRE» o, FHEIC
HX RS SBERTET, BIEFEEZ LAVEETELRLNL,

StartWords RevisionsEnd
=3
o S
o 4 o
(=1
I 2
1= 1 o
@ |
| =]
S
(9]
- o
o 7 o
o o
v~ o
< :
< T !
1 =3
! S 4
: = 1
i
< 1
N ! =3
; v
PR S
o o o 4

M1 FEFEOELOES () LkEoBIEREo D (F)

£ HEEFRICB Y 2EROE AL L NIREICE T S
BIED RIE D Zd#EE (n=154)

M SD Min. Max.
FEREDEER (%) 51.01 15.35 10 85
T D EIE R 67.49 4733 0 293

DIz, Tho oA 7477 nvR%2nd 288 E, TAACO TR LR MEHELEL
Mo et & MBI % E A T IV BlicR T, £9. ERNSEEO BEO TR & 2 25K
& OMBARE AR £ 2 IR T, FROERDEED, BEOEBELEDLH HADOHEZRL T»
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B2 EDS, FROEBBVRINEDBVIFE, ThbbEML D b EHEZBRICIT-
TWw3IFE, BRENSHEEIREL B LD 5, BRENGIREORENRE VW EWVS T
L, F—ofECHEE, MEEZHEVELHEoTwivniwd ZE2RB%T 270, FED
FhEE, OB RNSHREOME 2 LEE 2 L EVARVEEZ 6N,

2RISR TR ORI LRI

M SD  Min. Max. FEEEE BIERE

L v < TTR 042 006 027 0.63 -35 —.18
BEE L v < TTR 070  0.04 056 0.82 -.13 -.15
FERINEE (L — 2 v HAL) 0.56  0.04 046  0.69 -.03 20
RN (94 THAL) 0.67 0.04 059 0.79 05 15
N%¥EEL > < TTR 051  0.08 030 0.73 -27 -.18
HEREEEL < TTR 034 005 0.19 055 —-34 -.15
B EFEREREEE TTR 046  0.05 031 058 -.05 -13
%L v = TTR 046 011 022 082 -25 -17
## L >~ TTR 054  0.09 030 0.79 -.16 -.03
JB4RE L » < TTR 0.67 015 025 1.00 -.06 -.06
BlFE L > < TTR 073  0.16 033  1.00 -.16 -.05
L >~ < TIR 022 011 008 1.00 -.26 -.03
Fia - RAF L v < TTR 038 008 022 0.76 -31 -.16
#iEE (2-gram) L v~ TTR 079  0.07 059 093 -22 -.10
iEE (3-gram) L v~ TTR 090 0.05 072  0.99 ~.14 -.04

. R 208 EoMBE R T,

RIT, 3 ICEEENELICO W CRRHET 72 &5 FICHBEIfREE R~ T, FHRNEEO D 73V
ICIRIERIC S  DIRED S 253, T 2 CRIEOH A £ 2 ZBD»Thr IcHBEBIRAT R 5
NieboDAEiBH T2, ZH6H, FROFEROEGD, Wo»rEELMHEBEEZRL 7,
Fric, WRGEECAFA+RATAICEREL TEHL Tw 23 b 00%0uEEFik, FRICE GO
HENRKREWHAICH o7, Tk, FRICHE X D & XEHMEZERL TUTo TV 2 FHEFIE
&, fiRtEoERNEROMES L v EERTE 5,

Lo L, GERNEEORE (BEEEEER (230 SCRMIciEE(]) ofErmd KREH o
vy A TCHAINTWEIEE2BELZL A (¥2), part time job % money, important,
learn &£ Vo RFEDOHGEL 7 L — XML HHEORLFHIN TV S, Licdio T, FBEN
HEOMEPRE VL EGTWA, WEICFEHUHEEL 7 L—X &2 RLEHALCH, WS
B RSB WEWVS T ERbRD,
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3 FERNEEOEEO RS L HBERE (k)

M SD Min. Max. FEEER BIERIEK

BREGERADE (230 022 005 011 037 19 .05
(&3¢, SCHATCHEHEAL) 247 086 100  7.00 21 -.02
(2 3CHT, WAEE, SCHACREE(L) 1.84 079 042 514 20 .05
(2 3CHl, WAEE, —fEft) 0.64 011 029 0.4 21 14
(Fdid + A, SCHRAT CEEE(L) 1.08 043 028  2.88 21 .10
(2 3CHl, A+ RAE, SCHRALCRME(L) 1.58 057 048 3.7 24 07
(23til, A+ R, —fHEfk) 068 011 026 036 20 A2

I think that it is important for college students to have a part time job. First, we don’t have much money.
The textbooks we buy for lessons are so expensive. And most Japanese students live alone. We have to
prepare our meals and buy several goods we use in order to live. For these reasons, we don’t have much

money. In order to save money, we have better have a part time job. Second, we can learn many things

by earning money and having a part time job. We study several things by attending lessons of colleges.

But if we weren’t allowed to have a part time job, we would know only academical things after
graduating the colleges. When we come to work in society, we must know many things. In order to live
efficiently in the future, we should have a part time job. Some people claim that college students need not
have a part time job and must concentrate on only the lessons and HomeWorks. But I don’t agree with
this opinion. I think that we can’t learn the skills which play important roles only by addressing lessons
and homework and even if we have a part time job, we can study well. For these reasons, I think that we
can learn many important things by having a part time job. It is important for college students to have a
part time job.

2 EERNEEOBEOMENIREVI v A (THRIZEVELEHI N Tw 5EE)

KIZ, BRI EE OB & HBEREE R 4 IR TH, T 2T HE A - BiE R
e OEMICIEF I I HBIBIR DS A 5 2 DU, BEEE BRI A & ik dp o 7, BED
DFFHP I DHERL & Vo ZATENE, RN 7T 08 7 BT 2 BWRIVERE & IEBIRED
W ERRE NI,

F4 ERWEHROIREO GGG & HBI R

M SD  Min. Max. FHREEH BIERK

X[ D 45 R KGR EE 086 059 005 425 18 13
STl o0 Bl [F AR EEAR 059 043 000 275 16 —.12
XD LSA =4 A > HHbLEE 043 011 015 075 06 .02
2 DD E DMED LSA a ¥4 VEEDE 078 0.06 0.62 092 02 01
XD Word2 Ve FEBUE 090 003 079 096 .02 .06
2 DD E DED Word2 Vee FEMLE 092 002 085 0098 -.01 .05




KFFBHEDTA 74 ¥ 7 704 A L RERIEOBIR

Iz, HEbiaEa o RRHEEr LIRS R R 5 ICR T, EEREAG O T VI H % L DIFE)
HDHH, I TIEHFBRENER AR, 2EHD TN ICHBIRRA R 5 i b @ D AR
LCHET %, EP2ETEE (first, next, to begin with 72 &) & P DFEHOEE L offic, &+
BEOAOHENA LN, FRICCEAL D bEHHEZELEL TfTo T 2EEFIZLE, BY
ERTEETEZ S CMERL, BN AERO XEE2E MBS 5 EPHLL LR T,

— 75, %ah] & fE S 5 R G (this % that D £ A IC 45 A & #t 1 CTEEM 9 5. Hil : this
sentence) &% {5 EEFIZ L, RBOBENBSD W Eobhroiz, Thid, #EC
WA ETS S ETRIREDS T LT 2L 0S, IA4T74 v 77 av AT 2uTIROHA L
WFRT BAERE o T,

5 AT O R O R & ARBIREL

M SD  Min. Max. FFFRREH BIERR
NEF % 3% 9 5 0.01 0.0l 0.00 0.02 -26 -.07
it e ES fRE 001 001 000  0.03 -12 -20

Ssic . BEAIME O ILBHEE L AHBRSE S 6 1R, HRDE LIRS R NEEL v~ ol
. 7 5 CICHR D IE LI S N WA L ARRRZEIL < 0l 2 3105, FOH O
WG L BOEERSE 10w 0h A EOMBIZ R L, CofHIE, FRICEHEED X
BfL e AT 2 HEFIE, AUAAELBVELEALCY 2 LRRTE 2, —AHT, Ko
Hefilc 5\ C. NAERBDELED, RAFOHAEBRI LD Lk L THETH
%5,

#6  PANEDIEEEDFLBRHE & AHBEREL

M SD  Min. Max. FEK (BIEREK
R4 0.07 003 001 015 13 .06
RAG & AFa o R 027 013  0.05 0.69 12 .00
e 0IR LA S Wi AREL v~ o 037 006 024 052 21 22

@0 3R U & iz NS & AR &E L v ‘*
< DHFHK

044  0.07 025 058 .26 22

i&m

AWgeclk, BEYHEDIA T4 7T arv AL R OBGE. 94 T4 v 2 HE
DRI DREDHGOEREZZE W), T L THRBICENZ T OEEDETEET> 7200
2RICEB L, BERMICHE Uz, fERE LT, FBROFHETE & &S OHRTTE O —T25%,
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WHEORERIBE LR L T3 2 AR L, BEMEWIciE, FRICENM L D ES L CERl
2179 b, BRINSMEDSE F 275, MBI CEMEER L T 2R, ERNEES AR
S BHEANCH 2 EPHLP E o7, —HORERIE, RO 4 74 v 7 T v A%ED
MREBLZZEAZRLTED, 9474 v 7 7ot R EFEREOMICIZEHBEREY S 5
ZENRBRI NI,

INETIATA VI OBFREBZ Yy A D70 Y7 FOFOATIMINTE 205, K
HCRFERMEEIA T4 v 7 TR R LOEERE 72V RTEEND 5, HELEHED
T4 T4 v 7IEEICBVC, HREO—TOMEZ M ESE 35 2T, FHEHPHERIC OV THE
BT L EDEETHIIERZRBTEIENTELDL, AFROERE VI LI,

—Ji T, RiFETIE TAACO THIHI N REDRERMEEFED S L, 9471477 rER
ERTTIHEELHELALNIBEOAZID EIFCERLZ, UL, Z0RIEAZEIC
BUZHEETH S, AkThHNE, I XRCOBEOHEREEZZERBL 20N %2175 OPEE L
Vi, RERDHR EDF — I HS W TERZEIRT 2 Pk v & 0 3RO b 5%
OHFEE L, 72, BABREEDTF— 2 2IEL., Bl Lol o 7ok 2 L ERE
ORIREEZ T 22 LT, 9474 VIHRE LD X W HEHENLRRE2E5 2 LH5HBDOTH
PE Uiz,

51 AR

Crossley, S. A., & McNamara, D. S. (2010). Cohesion, coherence, and expert evaluations of writing proficiency. In S.
Ohlsson & R. Catrambone (Eds.), Proceedings of the 32nd Annual Conference of the Cognitive Science Society (pp.
984-989). Austin, TX: Cognitive Science Society. https://escholarship.org/uc/item/6n5908qx

Crossley, S. A., Kyle, K., & McNamara, D. S. (2016a). The tool for the automatic analysis of text cohesion (TAACO):
Automatic assessment of local, global, and text cohesion. Behavior Research Methods, 48, 1227-1237. https://doi.
org/10.3758/513428-015-0651-7

Crossley, S. A., Kyle, K., & McNamara, D. S. (2016b). The development and use of cohesive devices in L2 writing and
their relations to judgments of essay quality. Journal of Second Language Writing, 32, 1-16. https://doi.org/10.1016/
j.jslw.2016.01.003

HWHEBT (2020), TEEAEEDOIA T4 BT 2B - RREO RSN S BT ~— AT
Mo ARAAKRE ) AT 5 HEK L 1E—, EIKEN Bulletin, 32, 44-67. https://www.eiken.or.jp/center_for
research/pdf/bulletin/vol32/vol 32 p44-p67.pdf

Halliday, M. A. K., & Hasan, R. (1976). Cohesion in English. Routledge.

Hayes, J. R., & Flower, L. (1980). Identifying the organization of writing processes. In L. W. Gregg & E. R. Steinberg
(Eds.), Cognitive processes in writing (pp. 3-30). Hillsdale, N.J.: Lawrence Erlbaum Associates.

Hirose, K., & Sasaki, M. (1994). Explanatory variables for Japanese students’ expository writing in English: An
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exploratory study. Journal of Second Language Writing, 3, 203—229. https://doi.org/10.1016/1060-3743(94)90017-5

FIFHERE - FFEEL - JITEVBAE - BIERAET - VERZEA - BEEFSIA (2015), TWritingMaetriX % > 72 SREEIR
DOREFRLIGELBEDIA T4 v 7 - Tak 2O PHEREBRE A 74 7442 H55HREERS 5
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Abstract

This paper aims to discuss the current state of English education in relation to the development of
artificial intelligence technologies. It briefly overviews artificial intelligence and its relevant aspects,
including its applications, basic concepts, and highly specialized fields such as ChatGPT. The discussions
in the paper predict the pros and cons of these technologies, providing examples to conclude that Al should

not be rejected but embraced in English education.

Keywords: J5ZE845 . K AL, AT418E. ChatGPT

1. EUSHIC

Artificial Intelligence (& TATHIBE) &5 HAFERVELET 500, EHFE TR AL L RRS N
BIENEL, RAATA4TTHIOREERZOVHEBEAWVIZE, HEMNAZSELR->TW
%2, FHIZ ChatGPT ICfRES N2 AR Al OFEF AR £ L <, HGRLMmEOAIH, 2L TA
MPEREETI VL2 — 2 LT A2 LA ER>TWE, ZOHFTHHEERADIEH
BHEETHD, SRAT— 7 F VICA VA=V ENLFIERT 7Y 2 F21E, HEETDOE
Pk E B, 2 L CHAE TOIEN 0 H iRk L R oW EHictE Y,

D& BHSRIWORKEBRZ MO, FEEABEILEDLIICH2RE2PMbh T3,
ZNREFEEZGUTHERELT O BNPM2 0, 2L T, BHEOHEREIHZNED, L
ST LICHRAH, bIFPATHBEICH S T LE3IRENTIRAL, L LAFHL CHELT %
EDEIWCREZEDIDEEZDIEBICH D,

AREOELIERRIZOHEMER IV, LrLAaYS, SHEFHL LT, 2REEHE%
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O —ADOHEB L LT, BIEDOANTHIBESL AL Al HEGFEAFIC ED & 5 I1CBb 3 DhDBR
ZRa L. SO IND S DEFEHFICEDL S ICBEEGT 20 —ET 5,

2. ANIHgEDFAH

HHICb R &k 9ic, ATLAIRE (AD) ot cofAflidEHD X Sicx 74 7 THRD
ke nTtws, ME (2022) BALFRIFRED LS Icfibn, $fBkothaz ok
SWEZ DAL S 2 E2bo )T CHHL TV 5, FiHTHHL RdET, £ 0N
TOFEMBIBTEINT WD, BV ATEH T, MTORMBEICHT 2 EHEY, BB,
BEEEEY, B AMER), BENEEY % E4IKICh b, SEREEETLETICRST
W3, R HE ST TL, EROMINY, FETOFWMY, BEE? LA
K> TCWw5, B Z o, ANHEZTFSINIAENRITAEICOVTH, T TICATHIEED
TSR S 0, e ofEgce IR, (iF, il 2021), NHOFAES ZAREICZ> T 5
(7 2016)

e, Banciic, ATHEOAMHCZEAOMEDS » 5, LD LEE GEE 2018) ~
DO FHDM, BB ALIC X 2EEWIC OV TIR, ZOEEEICOVTD R TAHEL T
W ZDk SR LD SEEBIFD, ATHRERER ALICO VT, HERIE0# X
ZREBDTNBO

ANTHIBER A Al OF A, FHCHEFEHB ICEERRT 2 01k, ABERCERA~0IGHA
A5, TTCICAMEREIELZNEKT 2 A~ —F 74 URBFEIIT, 54 TEROHY—E 2
bH2Y, $LHAAINEDAY 74 V2 BHEWICOT 5T LT, BALFABRERAHE
7o BB T w31,

5 LA ATHBE ORI A 2 ABEIC L7zDid, ~—F Y =7 ORIBNFRIBICES &
AHWRE OV, Bz, Av—1F7x D3 E L T Apple #: @ iPhone 15 Pro o L4 6E 1X
1993 4R IC B & L 72 W] Jurassic Park DYERK CTE & N7z Clay IO R — o —a v B a— 4%
Clay-X-MP O 3 &35 D 10065 D UBEERE T H 22920, HizoF 5N 513 LN b i A
THIREOBERES N A S N, FMHHT 22 EARRERHEIC R > T 2 BFEE2 A2 €, %38
HEPEIHDIREDP EVIHMEZLD TROMENDH 2D TIEEWES D P,

3. AIHIEEICDWT
ANLAEE L 13 TAMOHBEISTE WAL GHEEEZ b oary Ea—y —; (E 2022: 14) T
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H b, Artificial Inteligence & V2 5 BEEPLID CHELNIZDIX1956FED L TH B (FR/I 2022:
8), LItE., N7 L DR DB EAT 5 1960FERDE—RK T — L, L7 A=+ AT L

EREIE N B R O HIGRICREL U 72 19804E A 5 90FERDE R 7 — L 2T, HWWEHE L
TA—=T T == 7 kAR AL D200 STEDE ZRT —LAEEEBE LTS (I
J5 2022: 36-43) ,

WY B L ZaryCa—9n IF—223 LIV — VB2 HLEE T 5 1 (R
2022: 52) EWIH T ETHB, A V=2V POBERICEI>THONIRKEDT—I 05 TE
D&Y TN =TI N TE LD, ZOHFHEABRICEE T 2 Hik (A 2022:
55) ERZBIENTELD,

ANTHIBES FREOERIC LD EarvEa—9Thh, avEa—vikznzililds rur
SLTHL, TRl ILThHrho, MPrLEOANNH L, ZICHEPHE, Hh%2d
5, TbbBEABMEAULTH 2D, ALABETIE, ZOUHEPEEICEMEICR->TWw5, R
DNTHIBEZR RO T 2R HEESEch b, Zhik "THE=2—9)V %y b7 —72 (deep
neural network) D | #EBWT 5 (L 2022: 81), HE=—a2—5 12y F U —2 LlF. A
T HOROMEASKEICD £2525bDTH0 (LB 2022: 81-82), ARDliizEEIc L
7ETNVTH D (FR/2022:24),

EHFa v —RERLT— 94 T Z0HEMTII R VDT, OB D W TN
JH(2022) . AR (2022). EHF (2022) Z2ZEFE 72 WS, FES DA ALIC & 5 TRIER 72 /L
HEENDOM EIZ, COBB=2—I V%Y b7 =210k 2WMEBOHKIBICL 2 LT ANKE
W,

4. 4%RL Al & ChatGPT

ANLHBEDHFEDHTH, AL AL & ChatGPT EIFIEN 3BT O W TOEARIREF WV, &
BGCAL &0F TR, HE LA (F ) 3 A LA o Hi, (BRNREHFZEAT 2023: 94)
THb, BHETRITTICCM TALICK > TEDHEh7zg L v P TW 3 L?, ERL AL
DPEDHIT 7 24 ZERIZOWTIE, X DICKIETH27-0HED S DLEHXBIAO 0k
WAL H 2P, B AL ZIRO LD 5 FIE L T T (FRRATIFRAT 2023: 94), Witk 2
b Lzt 7 A v Mo CEfE L (R 2023: 46) . Z OAFRICO W THEREOILE (R
B) 2H»F 5T (IR 2022: 78-86), KEEE LI Cw5, S5 OREREE LI
T4 —=FRy 7 LT, REEEELCHOOKEL EWF25 (IAE 2022: 84-85), ATLAIREIC &
2R ORI Z D 2 B2 WIRBOBIEIC &> THIBES EBs 2t Th b, AME
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BEZ D EARER AL o RFHIRICEO N v D, ZOBIEREATITbN, WHEEE
DH—ZNEFEE > T 5,

PEEHE LSBT 2 AL & L CiE THEENICER Loy — V2 Lt 353
WoR Al (BPNHRATIEAT 2023: 98) & THATICHES L 7 ARk E TG L <Ay 3 2480 AL (%
NH&AWIFERT 2023: 98) 23% %, HIEFSHEE P XFORME T 2 KE 2 H», BRENSIE
BicBb 2 (HRIRAWITURT 2023: 97), ZOHTH | RICHEFEHTICERE T 2 DA, Open Al
o ChatGPT* TH b, S DFEETH %,

ChatGPT (34235 Al (BPRHRAIIZERT 2023: 52) ©., HASECa vy Pa—SIcASIL, #
OHhEBLENG, ERkABPa yEa—%taia=r—ar(sd5i0d, avEa—7%
ZHIHT % Python e & D a v ¥ a— 9 iz fIHT 2 00— 72 -7, L» L ChatGPT T
Z, ABREOEFED & H i, HASED T ¥ A F AN THRESESNS LS AICE W TH
MWW E S 2%, ChatGPT I & 2 HASHEAH OB L IEICEY, BBk ZEiEEHE> C &
KOWTIEAMERU &S BN H 2 LHEZ o (BNRAEMZRT 2023: 77), Zh %z H
BEIC LTV AERICRAHBEEE T VOFEND 5 (TR AWTSERT 2023: 58),

5. KBRSFETI

KBS EET L L AP HENICHELZbE VLY T2 (HASHE) o0,
RICHHT 2 HEEZTFHT 2TV O ETH B (FRBAMIERT 2023: 58), ZOFHlD
RILZE T OVRERET = oFH LIy =0 ThHh, ZDORY =0 %2HZ25DPHBED
ERMECTH D (BNRATIIERT 2023: 59),

Bz X, Hello L WHRFPSHNTEINZET S, DL ZORICER LB TINIX0, £
WA L Len 1 ERET B, TOHE, 0 L% BHEER (b LFERN) &1 LasHE
FHIICZNZNS0%ITIE 2550, HIZIFRELVIGHALS, 0L D1 OMERIE L,
What’s up? 7z £, i[> L 5 ORI OPERLELL EDTH B, *v bOFEMAGZ
F—o LT Bk, REPAZY T 5 Hello 1Lt KHAH 25E0, Huaidv%
WOTHNIE, ORI, FIZIE0A30%, 1 B70%D &5 HEICARLZTHA I,

RKIT 1 BTN B L TiE, RIC how, when, what, where 73 ¥ OS¢ FR L Lz 6, #
NS DHEDS how 2370%, when 2560% D X S ICED H I ENTE S, IHIL, ZORITIE
are, is, can 72 EHE IR SN, ZOBREDI LN T 2, DE 2D &5 ICEBEREDOZERDY
paradigmatic 7% ZARVEIC & o TE N, [FIRFIC syntagmatic 72 BEHfR2 53BN D 2388 E . Z
NoDHERT 2 HOEAMEIC OO T ATHEI M EE 2 EAQ, S EEL2 EFTnl,
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LRECIEFEROFERICO W TNz, TR BEROERICHBEST 2, f2 X, K1
D & 51T Hello. How are you? & \» 5 RIIWT 2iRE L LTE, W22 DREEEDLH 2 25,
ZOHEMEFFACTEEL, ATREOEIZRMCERRT LI LN TES, B, K1 TRE
NREIIH L ETHRDOBDTH T, HITHh 5,

Hello. How are you?

. N
— Fine, thank you. 0.7
— I'm OK. 0.6
— Not at all. 0.3
— Take care. 0.2
— Who is it? 0.1

1B OBERE

KHBEEEEFT VTR, AT — 205 Z0BERME2ME L, EHF—2 L LTHAT
%, Z L CHRCREOBIEERTY, WEBEOR LGN %, T TICARKSEE T VI
7 AU oBERGGFRE, AR, HROBEMEZRRBEAEO L VICETELTED (B
FHREGRFZERT 2023: 53-54) . & 2 BT AR & A%S» A2 28ICEL Tw 5,

CD&IRBERECE > THARDEDRE D, HHENh53Lw) DEEEPEHME T 5%
RAEREESFELOT TR SHEERMEEREYUL T b, ZOFRMIESERE% construe
(FERAER) T 2BOE RO AT LThH O, HFECHERE, il vot FRERAM O Tl
HIREND2%2 R, EQOLIICHERIN, SHIZIWCEDE S BB REDPH 202 BiE L
LTRENTWS (Matthiessen 1995: 152, 402; Halliday 1991), Elix, KBBESEE T L 2K 2
BEIDO— IS B b (K 2023: 162), ZHIFSEFEED I R, Firth (1957) A3
# 72 “You shall know a word by the company it keeps.” & \» 9 % 2 1cH-5 <2, XM (XM 2023:
162) Iz THEOEKIZZOHENIEIN I 2BEICL > TR S LIRL TV S5,
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COBEWREWVIDIZ, TbbWiEOF OB ERFEN: (lexical semantic feature) 7211 T72
(. ZIREENHEMRN B ERZNTH 28 (association) £ TH, ZOHIEIELIN
FeBIEORTIEMEALT 3 LN TE 2, KRB SIEE TV CRSHERISHAGDL S H8RE
AV =2y PCHBWREGEET— /oL, fladbedTws, BE (av 772
F) BT 2 FHERIAOERE VS FICB VT, B ALGERA RIS 35S LBk S
WEEZ SN, HEICHEE (2024) 3EFUFRERESFES & ChatGPT IZD W Th 2 b 9 <
AR L TWw3,

6. AlRFROEEHE

6.1 BEHEELUTOEMAIDERZA

INETEFEFHLLC, £ ANDEFEHE L LT, BEBEOEANL D OBETATAH
HEEAEMALIZOWTIBRTE e, MR AR Z T, THERALIIREE 27— 2 &R L
LIRS0 Ews 0, BHEWZHBEOE VD 0ZMAADLELLDTH S
LR DI ENTEDRES S, ZTOAREERMA TRBEFAET 2 L THEZ EFCvwa ik
HIT, ERALZRRZ R 2 20, £ AN EHRA2B BT L ICEBY S 2 ERTEL
%5,

ERALIZCNECABPERL CEL I L2 ML T, #HladbEs LT, HEPEHN
WHEIR L7 SEEREEFEOHETY, ZNRATHBEHEIERK AR LD, B EZ TH
He2b0TiERY, LErLAEYNS, ZORKENEE->TWw 2720, £ AL LT 5 AM2,
ANTHIggZ H7erdb ABMO LS ICIATLES 22D 5, ATHIGRIZARD X 5 I ABP -
DIHIRD 22 iz KO 5 2 RO WA E 280 IET, Z207d, AR Eo%EE#E
ERELC, FEHERE LTS, L2Lads, BT 2 X5, ERAITH, 7ZABD
I ICRUETERWHIEDS H 5,

BEEHE O FIC I ERERICELVLAD LRI, WREEREROAD VLR THS S, N
fERI7Z 205 & v THEB ALISBEICKRFEL T L E 213, AR 2 E» TBEAICT
RN DH B, T, BEYECBENTEEL, FTYINVRA T 1 T 0¥ - AEfEDH
FNTOLEEZHGEE T, HOBRECEAT2HF 0, ABIREEIHEEZRLTLE
SHREED H B, LA, Thd b OEBEHEIZER Al OIEHA % BER A 5 b HH T
BTl tickoT, ZOHREZFRL, TWAEBEX CHEEHE2LEDLS1CT50), H
LIRT BAY U ADPRD 5NDDTIEEVES DD,
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6.2 ERALILBEDL

ANLHHES YR LE 2D OO H BRI, HFEHFIZEDXIICHIRNELBDIEAL I, Th
X THI00EDR, HARDEEAET X T2Fh LoFERMZ2ERT~NE, &, TABH2HE
THHEELTUHEZZRE ) L) FEANKEDY -V —ofERIRYEIE N TE L (LA
JII2022), L2L, EAREICOVWTER % &, flHLRFECEHRE, S6ICEBECRMHI A,
7 b= OBERECERT 7V OBRITTEL LS ICh>TwD, THL 5T Lwvo
7 EAEO BRI > TRb b, THEFEEF->CREET 5720 LW IEEICHE I
%725,

—J. BEELTOEEFELVHIBRIZESI A5, HELELT, HloTWwATRO,
WS FERT, PE AR ZE L TCEFHICRO O I LB TELRES I D, HEL VS
HEHTH, HEEERBERE S ChatGPT % 2 1XWES O SCRk1ZF0 5 L, AL 25H & B2 SC o #
FEIZTELRMT TR, ZOFEELPFLEEDI22B4 L,

FRoORNEZEZ 2L, ZhTH ANHGREEZSEUNEFE2ASEEERE I BTN
B, BET2HED., ZLTENZHZ HZHED raison d’étre D HIH 2Lz s, bidveRk
R RHIC TEHA»EED) Lvok Itima A T, TARI» ATHRED) & v ) EEEH
BOFEREZDODEREDITT0IE LI,

6.3 4K Al FBEELZDH,

BB AT DT H ChatGPT IIFICEBIC>WT, ZOHHERMbN TV S, R¥ETH 2023
f£6 H7HMNTHYREAICTHEE - BRI TERFR AL (NLAIR) ofAIc>»T (),
DEMZIN TV A, FRETHRFEICOWTOHENRIN T 382930 ChatGPT 13 b
Tofltrdioic, LE-MMERZBEHEICLTLE S, 2D70, EECERED ChatGPT
ko TthHonizBE 23— =2+ (aEXR) 2L TRELTLE S & HGT A
MIREIC 72 > T 33,

W, BERA XA —VRETL T, HBICChatGPT 8 ED & 5 b D, ED & 5 I
TELDPICOVTHILHRVWEVIHBDIWDEZTHAS, bR TVLEIHFTLHTWEDT,
HZZb02BHLTH 5LV HT 2L ChatGPT T3 TFu v 7 by LIEZTHh
2 NHEW AN T 2 EMEPHEREZTHR L CZOINEEERT 5,

Bl LT, BXOMFUCOWTHETAL S, EEIFZBRFEL AL T2 T7F X b
(Douglas and Bohlke 2020) 7> 5 —iZ 51 L, ChatGPT ICFIRR S W7z & 2 5, b T HARER
DI,
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Bl 1 BRSSO 5T E 2 o HAGER

A=
ROIL & HARFEICRL TL S v,
Many people say dolphins are intelligent. They seem to be able to think, understand, and learn
things quickly. But are they as smart as humans, or are they more like cats and dogs? Dolphins use
their brains quite differently from the way people do. But scientists say dolphins and humans are
alike in some ways. How?

(Douglas and Bohlke 2020: 9)

i
%L DN, AIVHIZAREIEVESVET, odEx, BELLD, WEEHE
HAFEARDTEL LS ICRAET, T, WHBABELFACSS0WEVWOTL LD ?
ZNELBHPRIZEPUT W EZDTL £ I D2 A VA AR E D7 0 Bk 2 5 Thiz vy
79, LaL., BIEELBIR. A vh EABRRIEIWS D20 NP H 2 EE0ET, &
IVIHIFTLEID?
(ChatGPT I & 3 Hi /7))

COFMRIZAARHAETH O, FEPRLAEZDD A%, b L IEEEOMRL Lic A%
ThHb, FEPHDTHEXORWY HE $IC, ChatGPT Z2FHTHIE, D& 5 LM
DIENTETCLE I,

T, VE=FTWEEI LA 5D, ROBFNZEHED ChatGPT I T= 7 R ZADMDA X =
TLAE—F2400FTENT, EANLEET A, ChatGPT BB TER L ZHETH 3,

%

Fl2 = RZ2DLE—=F

A= B0 N
< I RADIMDA XA —TLR— b %2400FETENT,

HiJy e
P27 X2 ICBF2IMOA A —21F, FRENENLENERMT 2EEREF—T7TT,
WiEESHESIC O T, MIF<w 7 RAKRFORLONE L AMOER L LCEHsNE T,
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F9, SUAVEERRELLEE, v/ RXRRBFICE-IME T2 T Fa— v oKD v
Ty EEE . JFOEIEZMIBEL TR T, CoIE#E 2PN GD DT,
DLDOFENERML TS, Fic, v/ _R2FEANF TR ns ) X% R
TR £3, fZohd TCoMoFEARFMED > THHA R, &, B2 5kn
LNABVIEERRLTED, MK SEHZ R Cw b 2 EPHLLTT, mfkh
I, MDA A=Y AFOLOM, 2 L THEINORENH S8 3 BRI /5K 2 R
TEEELRT—< L LT, T R2 2RIChk>TREVIEINE T,

ChEZ0EFar— - =2 ThE, EXFEOREEL L TLEEREEZ2THALS, b
TOPEH T L E— b OERDHEETH %720, ChatGPT OF|H THEIZH 5 FHN
2% 7% LEWAEESH D, VDL TREABOHEZBE A\, 207D, ChatGPT
BEBTHY, FHREZ L v, BIETARELOBERMSHZ L 4URD S Lhkw?,

LpL, ICTDRWEPBEHFREED /) — F2NELICLb, ZEEZ2AELICLED
DIFH-72133 72, SIFZDEFRLENPERALICH > TR oI E 2w, 7255, AL
MBI AMOREL Vb HEVICHEFTE2L, FEFOFMSIAMLER L, ThTiE, A
THIEE, ERAIBEEZETOTE RV EWIBERPHETL 20K b Lh
AR

64 £RRAITRETERWVWZ L

B OBI27R T & Hic, ChatGPT 3D 14 - EEOFEEZRIT L, AMDOREIICE -
TROZEDH B, W, Rle L TRLBIER Al ZEFLFTOREAE-STLEHIDESS
Mo FIEERLEEARO 2D 5 —ERTAHL I,

%D, ANVHIZARPEVESVET, odEZLY, BELLD, WEEHE
BLHEARDTELIOICRAE T,

COMROFD "6y 1% They DIRTH O | FEIZ AR, 7225, D They IXHIUTR S N7z
dolphins DZ L THH ., ZDI LRFREIh TR, Z8Z LN 5H they 1ZFEARMICIZRTH
DEEAAFHOZ L 2T 720, They seem to be able to think, understand, and learn things quickly.
EW S XA, B Z X, There are some genius young children in this school. £ > 9 SLZHid T & b
TE., ZODBRD They 1% some genius children 1273 %, ChatGPT 13 A &N 72 SCE D B Z
®9, HENLEREH L ZOMEOEREPL AT 2 RB 2T THITR Y,
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Lo L, ARIAIRZ 4 28013, &G they A2 R Hh2EZ LV EMRTE LV,
TR2RCHERT) 050 &5k, EEPBECHERMAERD 5 £, % DFEAED,
they %2 T 5 LIZHETE 325, B D dolphins & DRIRICKA DN, FHICk>TXEX
EDBEMRNEAR R AV, Thbb I EICERIIMII L THMETE 2020, Zhdgt
FoT, WELRICKRZ EH@EBTERVEVWIHERDBRZ I 55, NAFOMBRIZESRER
T OMEERY 5 2EKTH D, FHEROFM T, Z ORICBEIROIEME 1H, LEOMMES
ICDOh 5,

FGBIR IE NI B 2RER O BRSO, ROIKET 285 Tchb, av 77
A MREOBRTH 5, REAFHBZZNAPHEBECHENLIERTH 2, 4, BEOHAICIZ
thet 5y &5 REBAL Z oBREAEAMT 20, COMGERICHRT 2 RELO MR
DBHRA Y Mchkb, ThEaRTHE LT, FEEPMbO Y 7 XA THMBIIERL TV 28 H» 5 5%
AR H LT, ChatGPT Iz kD & 5 icfimz i L, MRz &7,

Bl 3 FESCAIER 1

A=A
RDOIL & HAFEIC L TLZE 0,
Your critical comments gave me new viewpoints to amend my doctoral dissertation and your kind

advice encouraged me for the academic task.

Hg
bYW a2 v M, MERXEBIET 272000 aHlNEE5EZ TS NEL
Voo T2, B l-OBUIRIE R, COFMNAFE R HOBELREEZX T NEL
770

EEoFITIE Tthe academic task T D2EATIN 73R8 L 1358F7 35 3 Tmy doctoral dissertation 1
LI D2 EThDB, Lo, RESNAHAFIZZZ0MRSHRIN TV,

DFE D, ChatGPT TH a2 ¥ 77 A MCHKT 2 ERICOVL TR, AT HDOTH D, E
BCoavs 7 AP ZANBPATHELD D EIEMICHDLEALEEILNDLIDTH D,

65 AVFUVAKL
avF 7 AREFRN, IO EThb, SERHOLEO Y T 7 A MRS 24D



Al R OBEFEAFTIC OV TDO—HE

RN D Do ENPREITHAT - BT 2HIC,. S S ICHFENORUGER & EBIRT 5,
F I FRRIS b S GeRHE, BN, S5 ICEFEERLORKRE vo 7o, RILIBET
2H500H 0, IEIFUNARZ b ary 727 A Mk % (Halliday and Matthiessen 2014)

SRAETHUN B ary T A MICHEBIL 20 & LCIERTH 5, HlAIE, HEEETIE
The elephant in the room. &\ 9 KD H 5, HlZ X, T DFRIZM - T, 1 suppose I'll be the
one to mention the elephant in the room.>® & \» 5 LD E M % ChatGPT Ic=4, LT D & 5 &
T1% 1872,

Bl 4 2 FESCHIEN 2

A= B/ NI
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Everyone knows the difficulties for the project, nobody are likely to mention them. I suppose I'll be

the one to mention the elephant in the room.
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You’re an English instructor. Please compose an explanatory passage in 40 words, using a verb

“cause”. The passage should be suitable for ESL students.
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Lack of sleep can cause problems with focus and mood. When people do not sleep enough, they
may feel tired and unable to think clearly. This can lead to mistakes at work or school and affect

relationships.
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Please compose an explanatory passage with 50 words, using the following expressions: “cause”,

LIS

“allow”, “Once”, “help you”, “predict”, which are appropriate for ESL students.

71
Once you understand basic English grammar, it will allow you to express ideas more clearly.
Grammar mistakes can cause confusion, but improving these skills will help you communicate
better. Practicing often helps you predict how others will understand your message, making your

English easier for everyone to follow.

72
Once you understand key grammar rules, it will allow you to communicate more clearly in English.
Errors can cause misunderstandings, but improving grammar and vocabulary will help you share
ideas effectively. Practicing regularly helps you predict how listeners will interpret your words,

making communication smoother and more accurate.

Hi3
Once you learn basic English grammar, it will allow you to express ideas more accurately. Mistakes
can cause confusion, but a strong grasp of grammar will help you communicate effectively. Practice
can help you predict how others will understand your words, making your English clearer and more

reliable.
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Quality Evaluation by Synchrotron Radiation X-ray
Topography of Hen-Egg-White Lysozyme Single
Crystals Obtained by NiCl, Concentration
Gradient Technique

Sadaharu JO

The quality of hen-egg-white lysozyme single crystals obtained by the NiCl, concentration gradient
technique was evaluated by white-beam X-ray topography. The configuration of each Laue spot
reflected the crystal morphology, and the crystal quality was high enough to investigate crystal defects
and strains present. Several topographic images exhibited the line-like contrast along the [110] direction
and the slight deformation along the [110] direction. Such specific features suggest that the strain was
accumulated along the [110] direction and the lattice distortion was induced along the [110] direction.

Keywords: hen-egg-white lysozyme, NiCl, concentration gradient technique, white-beam X-ray
topography, lattice distortion, lattice defect

1. Introduction

In recent years, research studies of biopolymers in the biomedical field have attracted wide
attention with the development of techniques.'5 Such vigorous research activities strongly enforce
the technological production of new types of nanomedicine.t-10 To promote such research studies, the
precise understanding of the relationship between functions and structures of biopolymer molecules is
inevitably important. Moreover, most protein molecules, which are biopolymers, exhibit diamagnetic
characteristics; thus, different types of intermolecular interaction affected by both the electrostatic and
magnetic interactions must be understood as fundamental knowledge. At present, the functions of many
proteins in vivo are well understood on the basis of results of many precise experiments. It is certain that
the functions of proteins in vivo are clearly affected by their molecular structures; hence, the information
on accurate molecular structures of various proteins is valuable to understand their functions. However,

the molecular structures of most proteins have never been determined yet, mainly because they are very
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complex, which are constructed by a huge number of atoms with very highly sensitive intermolecular
interactions. Thus, the establishment of a method to determine the molecular structures of proteins has
been strongly recommended for many years. The determination of molecular structures of many proteins
will contribute to disease treatment and drug design. The accurate structural determination on the order of
less than 2.0-2.2A is inevitably required for studies mainly on the antigen—antibody reaction in the field of
pharmaceutical science and the technological design of nanomedicine. Therefore, it is remarkable that the
accurate determination of the molecular structures of proteins has been performed under such restricted
conditions.!1-20

Historically, molecular structures of many proteins have been determined mainly by nuclear magnetic
resonance (NMR), neutron diffraction, and X-ray diffraction techniques. For many years, NMR techniques
have been used to determine the molecular structures of proteins, but their accuracy was insufficient. In
recent years, effective improvements in NMR techniques have been realized, and as a result, remarkable
successes have been achieved.2!-30 On the other hand, the direct observation of protein molecules was
achieved by neutron diffraction and X-ray diffraction techniques. Neutron diffraction is the only way to
observe hydrogen atoms and water molecules directly; however, the preparation of high-quality single
crystals with sizes larger than 10 mm is required for such purpose at present.3!-3> Regarding X-ray
diffraction, high-quality protein single crystals with sizes larger than 1 mm are required to determine
the molecular structures of proteins. The direct observation of protein molecules is very effective for
determining each atomic site inside the molecules. Thus, obtaining high-quality single crystals of various
proteins larger than 1 mm is very important in determining the accurate molecular structures of proteins.
X-ray topography is a powerful tool for evaluating the crystal quality nondestructively and the only way
to identify various types of dislocation in topographic images. Moreover, the inclusion of local strains
and their crystallographic direction can be clarified from the images, which is not possible by other
microscopic techniques.3¢-3? Obtaining high-quality single crystals of proteins with sizes larger than 1 mm
is very important in understanding the relationship between functions and structures of proteins. Persistent
efforts to obtain large high-quality protein single crystals have continued for many years. However, no
useful technique has been developed to date and the way to obtain high-quality single crystals of proteins
is the bottleneck in clarifying the relationship between functions and structures of proteins. A growth
technique under microgravity conditions was suggested in 1980.40-42 Moreover, a growth technique for
protein single crystals involving Fe atoms in a magnetic field was suggested by Rothgeb and Oldfield.*
After that, the growth technique for protein single crystals without Fe atoms inside the molecules in a

magnetic field was suggested with detailed descriptions by Sazaki et al.*4 and Ataka et al.45 Crystallization
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techniques for hen-egg-white lysozyme (HEWL) single crystals in a magnetic field have been developed
to date.4¢-30 The NiCl, concentration gradient technique for obtaining HEWL single crystals was suggested
by Ataka and Katsura, for the first time in 1993,5! with a follow-up study by their group in 2003.52 The
fascinating feature of the NiCl, concentration gradient technique is that only a short growth interval is
required to obtain protein single crystals with sizes larger than 1 mm. Moreover, this technique is very
attractive because of its convenience and low cost, and no microgravity or magnetic field is required. In
this paper, the results of the quality evaluation by the white-beam X-ray topography of HEWL single

crystals obtained by the NiCl, concentration gradient technique are reported.

2. Experimental Procedure

HEWL powder was purchased from SERVA Electrophoresis GmbH, Germany. Single crystals were
obtained by the NiCl, concentration gradient technique.’!-32 Thus, NiCl, was used as a crystallizing agent
in this study. The conditions for the initial solutions were as follows: HEWL=40 mg * ml™!, NiCl,=60
mg * ml™', and pH=5.0. pH was adjusted in each experiment by adding 1 N HCl. HEWL was crystallized
ina ¢ 12 mmx25 mm ampoule. The solution height in the ampoule was controlled at 10 mm. The growth
temperature was set at 13 °C by flowing water from a bath controller. The growth interval was 14 days. The
crystal morphologies were observed by optical microscopy. Crystallographic characteristics were analyzed
experimentally by the Laue method using the white-beam X-ray topography apparatus at SPring-8, the
Japan Synchrotron Radiation Research Institute (JASRI), BL28B2 beamline. The apparatus was arranged
such that it generated a forward reflection in accordance with the Laue method. The available X-rays had
a wide energy band with energies higher than 5 keV. The critical energy of the X-rays was 28.9 keV. To
reduce the damage to the HEWL single crystals caused by the X-rays, a water filter unit of 5-10 mm path
length was set. The camera length was set at 120 mm, which was larger than that generally used, to prevent
any damage to HEWL single crystals caused by X-rays. The slit dimensions were set at 10x10 mm?2. The
X-ray incidence was parallel to the [001] direction. Topographic images were recorded on X-ray films
(Agfa D2, Agfa, Mortsel, Belgium) at an exposure time of approximately 10 s.

To determine crystallographic indices, specific programs, namely, the Laue Pattern Digitize & Laue
Analysis & Result Display Program and the Laue Pattern & Stereographic Projection Display Program,

which were originally developed by Norm Engineering Co., Ltd. for our studies, were employed.
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3. Results and Discussion

Fig. 1(a) shows the top view of the condition inside the ampoule after the growth of HEWL single
crystals. The specimen used in this study is encircled. The crystal was grown by static floating on the
solution without any substrates, which means that the crystal was grown with less interfacial tension with
respect to its surroundings. Fig. 1(b) shows the morphology of the HEWL single crystal, which shows
a shape typical of a tetragonal crystal structure. The crystal size was determined to be ca. 1.0 mm. The
HEWL single crystal showed sharp facets, whose representative crystallographic faces are indicated as
(110), (110), (101), (101), (Oil), and (011) in the figure. Generally, tetragonal HEWL single crystals
appear with all of their four equivalent {110} faces present at one pyramid end, as shown in Fig. 1(b).

From our microscopic observation, no cracks or voids in the specimen were confirmed.

(a) (b)
Figs. 1 (a) Top view of inside the ampoule after the crystal growth and (b) levitating HEWL single crystal.

Fig. 2 shows a Laue pattern of the HEWL single crystal shown in Fig. 1(b). Many Laue spots can be
observed in the pattern. The configuration of each Laue spot reflects the crystal morphology. Note that
each Laue spot does not have an elongated configuration along the direct beam position. Hence, the crystal
quality is high enough to evaluate the crystal defects and strains present. Even the intensity of each Laue
spot is relatively lower than those of single crystals of inorganic materials3- 34 and low-molecular-weight
single crystals such as pentacene and naphtacene.’5-5 However, the Laue pattern in Fig. 2 is sufficient to
determine that the crystal structure is tetragonal with the lattice constants a=79.1 A, b=79.1 A, ¢=37.9 A,
and a=f=y=90°.
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Fig.2 Laue pattern of HEWL single crystal obtained by NiCl,
concentration gradient technique. The incident X-ray beam
was parallel to the [001] direction.

Figs. 3(a) and (b) show enlarged topographic images of 110 and 110 spots, respectively, which
were recorded with the incident white beam parallel to the [001] direction. Both topographic images
substantially reflect the crystal morphology. In both Figs. 3(a) and 3(b), the two line patterns observed
along the [110] direction are indicated by two white arrows, (D and (I)’, respectively. On the basis of
the theory of the invisible criterion for the dislocation contrast, the dislocations in images are assumed
to be invisible at geb=0. Here, g is the diffraction vector and b is the Burgers vector. Assuming that the
origin of a line pattern is a screw dislocation, line patterns should be invisible or visible with a weak
contrast in Fig. 3(a); on the other hand, assuming that the origin of a line pattern is an edge dislocation,
line patterns should be invisible or visible with a weak contrast in Fig. 3(b). In fact, both line patterns
(D and @ are visible in both X-ray topographic images in Figs. 3(a) and 3(b); hence, the origin of the
line patterns cannot be explained by the theory of the invisible criterion for the dislocation contrast.
When the line patterns do not originate from any dislocations, it is generally considered that such line
patterns originated from cracks and voids. However, no cracks or voids were observed by our microscopic
investigations in real space. Therefore, it is most reasonable to consider that both line patterns originate
from the accumulated strains along the [110] direction. Tachibana et al. reported their observation of the
line-like contrast originating from the screw dislocation line along the crystallographic [110] direction.5
Moreover, the traces of the spiral step patterns originating from the screw dislocation with the <110>
Burgers vector on the HEWL single crystal surfaces with the tetragonal HEWL single crystals have been
observed by atomic force microscopy.®'-93 By considering such experimental reports and our experimental

results together, we found that the [110] direction of the HEWL single crystal seems to have relatively
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weaker molecular interactions than other crystallographic directions. In our study, it is possible that the
crystal thickness is slightly small to detect dislocation lines by white beam X-ray topography, considering
that the required size is larger than 1.5 mm.% Moreover, by comparing the topographic images in Figs.
3(a) and 3(b), we found that the line-like contrast in Fig. 3(a) possesses some deformation, indicated by
the white arrow @); however, that in Fig. 3(b) possesses no deformation, indicated by the white arrow @)’
Such configurational differences between topographic images in Figs. 3(a) and 3(b) are due to the induced

lattice distortion along the [110] direction.

(b)
Figs. 3 (a) and (b) show enlarged topographic images of the 110 and 110 reflections, respectively.

Our quality evaluation by the white-beam X-ray topography of the HEWL single crystals obtained
by the NiCl, concentration gradient technique revealed that the crystal quality was very high. However, it
is considered that a more precise control of growth conditions, such as the growth temperature and growth
interval, is required for determining molecular structures. It can be considered that strain accumulation and
lattice distortion are caused by a slight change in growth temperature. It is certain that the growth interval
should be longer to obtain larger HEWL single crystals. More stable and quasi-static growth conditions
are required to obtain HEWL single crystals for determining their molecular structures. Tachibana et
al. reported that large HEWL single crystals with a size of 4 mm were successfully obtained by the
NiCl, concentration gradient technique.®® Moreover, Suzuki et al. were the first to observe the dynamical
diffraction phenomena by the oscillatory rocking curve technique for single crystals of glucose isomerase,
which were never obtained under microgravity conditions.®* Regarding HEWL single crystals, many
researchers have assumed on the basis of the kinematic diffraction theory that the diffraction intensity
should be proportional to the magnitude of the square of the structural factor. However, dynamical

diffraction might occur even in HEWL single crystals. The NiCl, concentration gradient technique is
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considered effective for obtaining high-quality HEWL single crystals.

4. Conclusion

The quality evaluation of HEWL single crystals obtained by the NiCl, concentration gradient
technique was performed by synchrotron radiation white-beam X-ray topography. A precise comparison
of representative enlarged topographic images between 110 and 110 spots, the diffraction vectors of which
were vertical to each other, revealed the existence of line patterns with the line-like contrast along the
[110] direction and the deformation of the line patterns along the [110] direction. It is considered that
HEWL single crystals in the [110] direction relatively easily contain concentrated strains. Regarding the
[110] direction, the HEWL single crystal used in this study exhibited a lattice distortion along the [110]

direction.
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