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How to Estimate the Rating of the Youngest Professional Shogi Player Souta Fujii
— About Elo Rating of Professional Shogi Player—

Kazuki TAKATSU", Hiroki TAKADA™* and Takayuki HIRATA™*

(Received September 27, 2018)

Ways to estimate the Elo rating of professional shogi player were discussed. The rating system

was used to express the strength of chess players. The ratings are also used for other board games

players (e.g. go players, shogi players and so on). The rating system is used not only for human

players but also for computer software. Souta Fujii is the youngest professional shogi player. He

achieved the 29 straight wins after the debut as a professional shogi player. The difficulties of

applying this rating method for such a young player Souta Fujii are discussed.

Key Words : Shogi, Elo rating, Board game, Souta Fujii

1. #&

i

W28 410 H 1 H, 1452 7 H &) EidE
TR D 7 a2 2 o T R ORI, R T
REBREFERZED. AARHLERIC LS &, 7o
NGRS B S V72 1927 4R LIRS, JEESELLRT O fcE
7oA, - =0 145% 7 »ATH
5. BRHEIE, sk E S oA bR L. 2T
RFFHLAIEE > TURDRETH H. S BIT, FEHIET
o — DA 72 LD 29 BEE 2 2R L, LA O 2
ROTRERHADBIG AT LT

T M OBER AR K-> TH K S . O
SIEE W O EFRIT A o RoTF v h T oA
FEEDLNTWSD. F¥ b7 A, fItrilc &
iz 8X8 ~ADM L 5 8 OB EMHT 5 4 A
WIEFIT 2 ABIOY—LTHLH. ZOF ¥ TN
NHFRIZILEY, T A, v oI —, T ¥ F, v—

FLEEEEE Y AT A TR

MORFBE TR R S A T A TR

* Dept. of Human and Artificial Intelligent Systems,
School of Engineering

Human and Artificial Intelligence Systems Course,
Graduate School of Engineering

Ty o, e TR L.

FHEEIE, BRI E & HICEEZ LTV 5. M ofEk
REHIE, ERRCEN O L3512 6 10 R 6 11
AR TH D EEZ LN TS, FHE TR DB
NE L HIT 5 2 &0 DR LY IRFO AR A AF
HAEEAL T Z ERGD0 £, AR IRETE
6 U2 Bcig, Brse s EBEITEH ST
NS OB Y, BRFORFHUTIBAE DR & K& <
Bipo T2 ERGnD. 512, 12 R LIRRIZ,
FHLZOW T OB MR H 5 CHITEHE L TWD. =
AU EFRBESHR TR A BT A BLIL T2 2 & B3
Rz EEZ 65, ZOHE, — RIS 2 5
TV NESCEROFLR IR STV N2 6
MTW. F72, 12 ISR A ESL LTz
L RIS, BEBEIO/L— L NEE L TV otz &
S Tna,

HR (15, 16 A 10, —ARAERIC & L2 &
L7z, 2 ORMROFHITI, /N, AR, RO
(MEENEL, BIORENE 2 5) BN o7=0,
ORI OB ThHoTm B2 BN TV AN,
7B, BOZWHIHLZE L CWeolk, K2
LB LR TH B.

RO O — L ORfELIE, BERREEZ D
TS, 17 HACCIRE, T E 2 b & L



7o 2O, KL, LB, —RICiE S = o
IXBE DL D /L — L & [A] UACRREE UL 2 & R
LAY BRI /v T h B0 F 7,
L7=BOFHA & WS FEbEL— L b A I 7.
FEHEL—L (F = A7 CITid eV AARO RO K
EREMTH D) DEAINTZZ LITL D, /N,
ORI T, B I Y BT TIEBAR ORI D
ZEREDSTZORBIE I N, T = A7 Szt
WESOFAIIE, ERERRO B ARIIFR—RETH-
T2 EMBERY NSk, BIUOEDED
Rtk (F = Z0BNE, AROXBINH D0, FHLO
BN S AETHY, B FMEEZ DT THIES
ERAHILTWA)ICERT S EE2 NS, ZOFL
B — U X DR & D = AR K D I A o
7.

2L Lo F a0 niE, 17 e ysEicis
INZERED KRG ToAE, KRR E 2 57 8 &Itk
w5z, BHESRHELET O AR 12 hA & A UL LT 0 5tk
EED HILTE Y, EFEI W TH > TH Fhk
X oo To. I, FEFE & L THIFIZED b
NIATEICHE L2 0 R o 2o lzled, £0
AT ZIC DT, M2 TRHEDF e L LTol
BORIEDE T CRk 2 IR B R T e e B A R
Z EMHETITHRE Tl o T,

BIIRHER 2 O Z ot il B LA, A O R L o
FAZN G LTV, 7, AR E R — L LD &35

BE b RO 1924 FITHEORAHE L =[R2,

HEDRITERERAR, SR HET KA 24 2 1]
TURHRE B A RS R L 72, 1935 4RI, B =14 AT
& o T BRI ER S FE T X AL N~ BT
THZ L ZPRE LR o EHREE S L
1947 4RIZ BARRHEIGE & 72 o572, Z ORFICERICEE
ELI72DORFENFNBATEN D4 N T & 2 ARF Flf
ThoDH. ZOXICLTAAEZTER L T 5
A=Y S Wl Uy oY

o7 DT o 74T, B - TiThil
T&7e. LinL, —FEBEMR ERDE, AN EX
TH MWD ENR. FOTZDOERBEO/ I E DM
WEEDREAT HEVWOMENRAE T, 22T, #HL
WT X T DR EEBZDVLEENAE U, R

DIMSZJD 1 OOHEE LT =T 4 I RdD.

L—T 4 7 LI G L e D EITHR L Th DR
WD ERG TORENEIToT2bDTH D,
—T 4 LR, R— R — LR P OMRE 2 ET
FBELLTHOWLNTWD. FFIZR— R 7 —4cE
Wl e b—7 4 U IBRHeNRS. A B L —TF
4T 2 NI =D L —F ¢ v TEEEE LT
ERINTE-HOTHY, F = 20 HOAR L —F

47 L TERHIA TN A.

Lo, A ab—7 4 ZIZI3EMOFE I Om
bEELV—T 4 7L LTEMRICRTIENRTE N
EWV) REDRBINTE . 2 2 CTAR®MLTIE, A
0lL—F 4 I oNT, B EREDHETH HHE
FHRRZEH L L CHBEREZMAELTZ. S5, M1
L—F 4 U IR DM NHEEEO RS EM O b L
LC, MREMEHTIC K D 8B LWL Oz >\ T
g 5.

2. ful—F4vF

F—=LDT L —Y— DS & BB D FEE &
LT, b= 4 RHANSNS R, F = A7 E
DHR— FF—=LOFHHIZBE WD DI, A
BL—T 4RO A el —T 0 T, T A
U 51 O Arpad E.Elo N ER LT LD TH D
—HIZIE, S —Y— DWW L —T 1 > 7% 1500
EREL. ' — DD ESWT, ik L7 L —
YTl —T 0 v T OREEBB TS, BAIL
7L —Y—DL—F 4 Tk PR &Y L LT
TL—Y—DL—TF 4 T ETHRESES. 5l & 450
DEEX, V=T 4 V7 EBEI STV £, BE)
SHELL—T 4 7L, MVWHETE (L—T 7D
FEWKTERAE ) (IR L2 Alc k&<, BHVWMET
SR L 725601, /b S,

A4 L—7 427 OBENT,

Ry = Ry +K(Cy — Ly) (1)

Ly = m 2
WX TEHREIND. 22T, RyI#H=2L—7+
VU, RylE A DBIED L—F 4 7, K IR ER I
TIX 16), Culx A DRI ES EREB:1, AlT:0,
F1531F:0.5), Lyix A B3BEFIT 282, Rl B OBUE
DV—T 4T Ths.

HARR 222 LXK 5. 3R LI, stgFfoLr—7 ¢
VIEE V=T A U TENL TSN DR EF &
Db OTHD., £ 10D, L—T 1 7N 200
D DREERTIX, L—T 4 7 B E OBk
FITK 76%TH D Z LNy D. FEES, FHE
IR — B A N TR, L—T 4 B HIE SN
LRI R & EREOBIOEZR P FHR SN TR,
V—7 4 7R TRIE LK ELTWD D ERgy
NDHH,

21 F=RZBITFBRV—T 47
BN, fulb—T7 4 THERHOBELERENT =
ZIZOWNWTHRTH LY. A alb—F 4 7%, F= A



F 1 =TI RESIIHHBEL L —T ¢
> 7B

v | o | e
YU e | ThE | e | ThE
0~21 50~53 | 47~50 8 8
22~45 53~56 | 44~47 7 9
46~65 57~59 | 41~43 7 9
66~88 59~62 | 38~41 6 10
89~112 63~66 | 34~37 6 10
113~143 | 66~69 | 31~34 5 11
144~162 | 70~72 | 28~30 5 11
163~195 | 72~75 | 25~28 4 12
196~221 | 76~78 | 22~24 4 12
222~257 | 78~81 | 19~22 3 13
258~292 | 82~84 | 16~18 3 13
293~338 | 84~87 | 13~16 2 14
339~394 | 88~91 9~12 2 14
395~494 | 91~94 6~9 1 15
495~596 | 95~97 3~5 1 15
597~726 | 97~98 2~3 0 16
727~ 99 1 0 16

T —Y—DOMRI i T 272 0ICERZ I, EHER
F = ZEB(FIDE)D AR L —T 4 » 72BN T h il
HEhTnabl L, E<HWHIRL TS Z LIz
L OREPAET TS DL 912725721980 FR0 5
V=T 4T DAL TVUVNEBIVRD, 7T R~
AL —(L—T 472500 LA k), A X —Fa)
N~ AH—(L—F (7 2400 Ll L), FIDE < A4
— (=717 2300 LI L) EnWoTo ¥ A NVEREF
FERHEINT 5 R E 7> TV D RESEN B SNT
Wb ZOZ LI, MO L—T 4 o TIZBWTHAE
CHAREMENSH D Z LICHEL L.

T, “ADODFz AL —F =[OV TL—T 4
VI DEBEEZR TN ). e FHALTIE, BR
ORI T 2 AT L —Y—ThD. K 11T -
FHLTDVL—T 4 TICEATIERMBTH D.
EhN T HEATDOL—F 47X FIDE OF = A
V=T 4 T EFERALEBL K 1 05 10 koL —T7
4 T OMONKEL, £ 10 RUEO L—T
T OMODEERL NN D Z N5, 2L 10 48
TIXEYM T L—rv—DEHINRKREL M ETSH L
WHZEERLTWVA,

W, B DOF = AT L —F—IZ oL —TFT ¢
7 OEBEABFL7-. Z 2 TIZUSChess D & O % fii
U7z (2% 2 00) 1L B4R D FAr20 AD5% kY A
W EZEDOFImOL—T 4 7L LTND. 728, 19
%0 6 655% £ TOAERRI L —T 4 > 71X USChesslZ

2900 +

2700 +
2500 A
L 2300 A

D 2100 A
1900 -
1700 A

1500

: ; ; .
10 15 20 25 30
Fiih

K1 bl FTHEATDOL—TF 4 TIZET5H4E
RHERS

3000 -
2500 -
2000 -

1500 A

L—+

1000 A

500 +

19M550
50LLE
65LLE

X2 USOF AT L—%—DL—T 17|24
T DR HERS

25
20 4

15 4

R

10 +

o
wn
wn
—

1200
1250
1300
1350

o o
<
= =
D

L—7427

1500
1600
1650
1700
1750
1800
1850
1900

X3 Zafitor—s5 47D A NI T A

Lk S TnWemolzlzd, 7L—Y—28D 1L —
TAT TR T DVL—T 47 2600 LLEDT
L—Y =05 19U TFE SO Lo L —Y—%
RN —T 4 VO R LI X 2 b L
—T AT OE—=T R 19N 50O HD 2
ERMND. BT AT GO b DB,
Arpad E. Elo (T X o TR E TV 5 AR #I#RE & — 2
LTW5.

22 Btz A L —T 4T



FLICB W T A v L—T 4 VT E AV HRAN
RENTWD.BE, 7uttto L —7 0 75 HE
L, Web [ZHB# L TV DY A NBEEAGFETD. 2
DY A MZBIFAL—T 4 7120, D LERN
HDH. L, EOBENS L—T 4 T OHEZ A
DO EV AL DT, KEREWDITARWV. &

L, bo b < B WEB TABLTWAH D

CRPELEE L RIS — o v —T 1 » 7 &4l )
%ﬁﬁ{,\é[ﬂ.

o el tof v —FrF 4 D A NS T
L (2018 -4 A 9 HFEA) A 3 2. RO fEix
1547.5, “F)EIE 1561.0, BEME(R 721X 143.5 Th o7z,
X3 5, %< O 1400 225 1700 OHEPHIZ AL
BLTWAEZ ENgNnD., £12, kKO —71%
1450 & 1500 ([CHFEELTWD. S HI, #E LT
1%,1700 OB E RN Z OGO LV —FT 4 7
(1650, 1750) DAEFE & LEANTRE V.

T, ARL—T 4 TORMEREZ X TN
V. A8 L—T 4 7L, EEEOREREED et R

FOWRFBEROMENTE DLW ORENH DT,

HHEOFE OB ERV—T ¢ 7Tk &z <
WEWHS AR A, ZiZA e b —T 4 70
BB OB TL—T 4 7 ERENT 5720, 7
Mo X HITEM 30 RIFEEORFEAERE R % < 2
WIGE, L—T 4 7 O¥MNEREOR T O m R
BWONRWEAERDD. £, MINEEZ I
1500 IZRRELTWHZ L, L —F—DAKDHE
N EFRERVRERIC A > TS A[EEMENH 5. )
Bx—1EICE2 256, FoICRMARET 5 &M
N 2200, BT EZBE D) % K L7
l/\

TuOT Ea—5 29 #PEE R LR K
DL—T 4 T ORI, L—T 4 > 7 ORESN
BAMEAL L7l & o 200 LIV, ) 4 (IS
DVL—TF 4 T OEEERT. L—T 4 > 71X, I
D (ZOHAD) 1 HEEETOL—FT 47 ¢ L2 K
A5, DO L —T 4 711500 B EEE Y, 2018
6 HEESTHRI 1800 TH D Z LR Db, 2D L —
T4 T BBEHOBIEOE N ZR L TNDD0EH
12 29 EHBE T DMRNOHEET D, 228, xR T
DL—T 4 IR YRFEO L DEHERH Lz, & 2
WL —T 4 T EEELEEDL—T 4 T ED
29 ST HHERTHDH. K2 MWD 29 HET H720D
HolbbLWL—T 471 2100 FRETH D Z
EMIDD. D ENDL, EHOLV—T 4T
2000 LA ETHD EHEESILD. L, X450
L8 ORE LV —T 0 713K 1800 & 7o
TWATD, WIEL—T 4 U ZIZEL TR,

1850 -
1800 -
1750 -

. 1700 1

| 1650 4

S 1600 |
1550 -
1500 -
1450

20165128
2017418 |
ZMJﬁzH_
2017438 |
2m1¢4ﬁ_
2017858 |
2017468 |
2017578 |
20174E8H |
2017498 |

20174108 |

20174118 |

2017#12H |
2m3¢1ﬁ_
2018528 |
201883F |
2018548 |
2018458 |
2018468 |
2018478 |
2018488 |

Hr
Nl

M4 BEHBADOL—TF 12 7 OLEE

£2 L—T 4 7ED29 HET DR
V=T 4 R (%)
1500 4.17x10710
1600 1.50x107°
1700 8.06x107*
1800 6.39x1072
1900 1.18
2000 7.78
2100 21.9

Aulb—7 47 OHEEZ 1500 &L LTWnDZ
EWBEHBRRKOENZRE TR WERIKTH B A]
REMEDNEW. ZO70D, lEHEE OB WE WS AE N
ZWGA, WMENKLETHDLATREENDD. B,
AaL—7 4 TR EERNL, EoXkoHAk
MEECH->THL L —F—DHIEL—T 4 V' 7IZ
%B%<

ZCHEEHIR R OWHIME 1500 1XE LWl 2D
ﬁ%%#@v—74/7wmﬁﬁfﬁbht%®7
EBA GEARER S L —TF ¢ o B TIEAR . 2016
12 H~2017 4 2 A xR (i 2017 42 3~4 A))
PHRRFET 5. KD 7 FHAICBOTREHETF 7 A
DY —T 4 7151747 TH O, fERIT 6 B 1 1K
DFEHL L2 VBERITSE S iyt rpoT-. 1
b lL—7 47 1747 OFEFIZ 8 HI 5 73 E>121% 300
ROV —T 4 VT ENLEE N ZENghDd. &

LICESL O L —T 1 71320471272 %
ﬁi%%@%%ﬁu1wo¢%&itﬂ4#%%#
LHEF OB S ToOREL—T 4/ TE 2, BE
ENAPHEICH BN THZRWN. ZhbnZ E kY,
RO LV —TF ¢ 7 OHWIEL 1500 ([ZRE L7122
U, E T WD ERGNnA.

3. MEEEMRATIC & AL DA

A uab—7 47 BHMICE LT 7L —F



—DENEEMIIRTENRETH D Z ERoh
ST T BRI L > TENEZFT o/ 1L —
T4 TR, 1 RO (BEE) 255, B0 & HE
ET DI EaRlA D, BBHCIEZ < MEEMNT 217 9
LT, BN EHET S MR AR L CL—T
4 T EER LIl E LTI P RO Ao L —
T 7 MRS D B F T, BT IZ M
DI LFORKMEZFHRD Z b TE B0, Z 2T,
FRIFIR R OB OHEE 2 1L T2 72 & o T, BFEMEAT

P

TI7 9.

3.1 MEBETICH WY 7 FEA—F

REREMRNT & 0%, L Y 7 MICHRE 2 St A 1 D
Z LT FHOBBLEFOAER EEZRHD5FiE
T 5. HEERHT T S5 B BTN X6 9~ 2 0F
WYy 7 homsickEhfansg. £z, AT 54F
BLY 7 Mg, 7 e O fHESEE 24 TOE L —
T 473000 L ETHDZ ENLEE L. T, i
Mk RE, Y 7 bR HF, BTz =
Y= DANRy I DR EZTH., N~ U=
71X, Core i7-7700CPU, 7 v v 7 J& %% 3.60 GHz, 4
a7, 8 ALy Ry & LT

V7 hU = TE, B 2 ver2.02(LL Firh) &
Bonanza6.0 (UL T Bonanza) ® 2 D& L 720 72 8,
15 L Bonanza 1, 7U—Y 7 FELTABRENT
W5 (BED version WIFET HZ LITIEEL X D).
Frhix, RS 24 THEE L —T 1 > 7 3000 LA
ETHD. E, MTICHW R Y 7 M2 X )
HEEDRY #72 T2, 7~F =27 by 7Ll En
DTN TatoYH L —F7 47 THD
Bonanza CFHABERSES 24 THEE L —T ¢ > 27 2800) b
A L7200 4 B GUIL I, £55, Bonanza & & [F—
@ GUI (ShogiGUI) Zf# ] L 7=.

AT L3 a—% FTON—R7 =7
DFRFENANR=AVL T 4 )LD EE 2
DOfHE Y 7 N O A EBRICHE S D Z LT
KO I, 1F 1 BoRLE/-T, ke
ANEEZ T100 /i SE72.256 Fazi- & &%, 5l
T LIz, 2B, ZO5METIE, Rt
E Lo,

Bonanza @ X 9 72 2016 FRLARTOFHEL Y 7 N ido~o
NR=RAVL T LV IBRAHTRNEFTbNTEY
a7 KB o T NMEND), ALy FEE 81T

LIeGa, MAORTRLEEZ LN THHIN 22T,

4 A1 v RE 8 AL v R Bonanza Z %k X8,
A=A VL T 4 T ORI AT F DR R,
4 AL > F Bonanza @ 45 [ 48 it 7 5l & 43t & 72 -
72,204 ALy RE 8 ALy RTCRERENR

FERMME, NANR=AL T 4V TRHEHTRNE
EZohD. &6, FFLREHEZES LEGA, 1
N—=A VLT 4TI X DAFNEEORENEL S
FREMENFAET D, £ 2, Bonanza D A L REL
%, 4 & L7, 2B, HIHDOA Ly FEUE, &KIED
BENZRBETELHL 5128 & LTt

Iz, $715& Bonanza O IIZEDRFEEZIT - 7.
75 & Bonanza O#LI17EIL, 2 2V o — Z KR
5T 5 floodgate D L —7 4 > 7 THEET H Z &1
TED. LU LY 7 holhiZary Ba—20
ARy I DL ZT D8, AR CHEMNT 5 =
VB o — & TOH TG L Bonanza DML FE AT
BB, 2ODWMLY 7 &8 ALy R TS H 7.
TORER, el icotz. ZORREFE 11D,
Dl b 2 OO Y T b DOV =T 4 T 5E
1%, 700 LA ESH D L HIpdD.

PLITFIZ, MEHENTICHWEREE LD TEL.
INANR—=RA VL T 4 71, HI51% 8, Bonanza |3 4
TITo7c. BEBRMEZELS T2 2 & TREF LRI
THZEES D, BERMIT, HHBXIO
Bonanza & $I12 1 FH72V 60 & L.

32 BRL-EKEROESR

BLEHEATCIE, LFD2 502 &2 MIELT 1 1)
EEEF A LB K ORH Z L O 7)o
AIE, 2) BRI O —BROMRFET H 5. fEHTITIX, AT
7 h& GUI OFf oA A L. BRI
1%, ShogiGUI DIEEED — > Tdh 2 T2 L
7=,

TP, BTOEHRLBRE ) Y 7 FoRd i
BEFLTL—Y—DRLTEN T I202 4L,
— T, o LT L ORHIE (B 2 R BT
DL Y 7 N OFEEFHE) DA 700 LRI o
e BT L ER LT 2T, AT A Tt
V7 IR EEFTH TEDOET LA DY
ERHDLTEIEEBELE Y. B, ifbr Y 7 R
Bipb L BRLHMEINDBLOLRR ST D, &
DI, NS REBFLREREFLEZRITEHET
BEEZXD. EFMEEL LY 7 NORETLOE
LFOFHMIEDZE AX LT 5. 72 21E, mBEFOFE
MfEAS 200, 5§ L FOFHIEL —600 O, FETAH
1X800 L7025, Z2C, —ROMEDOEFRMEAE AL
b0 —ROETFE Buw &£ T 5. 728, Bu&ET
OEE By CHI -7 b D& FHETB, & L. 1 /T
7ol 1 BEULDETERI o7 LTH, E1
DRXREFOLA,BAL, KEL< 5. 28, 20 &
D IREEICER L7aid, fHt & 5 7 — A o Rk
IZE o TV D L, BEBFE2HITTNTH, 2o



F—FOEFTHITIZRS>TLED &9 Fra % £
O (WHED T —L) NHThD. . HlAs &, /NS
FE210ETLHEY, REREFTE 1 BT H1E)PVE
WEER (BT O ([CERNS.

WIZ, —BROEREZBRAND. LY 7 FORT K
BEPRLEBEOR LR KL L XOREEZ DX}
BTHELEFETE ST b D2 R E L, — K
IS, Y 7 R E O—BEREPRH T E, 7L —F —
OENTENEHEF S TN D,

3.3 BEHRKOEF ORI

R FE A LR R ORI Z & ot ) %
WFE L7=. X 5 138 CoH o A BESEFTH
.5 5 9 H FK) OFEETRMMOH & T
KEWZ ENGnd. 72, 2017 F0 HBIEHET
ZRAHE1VAMNBE—7 D9 H F CEBHEFENHEM
LTCWDZENSND. 2018 FITHFEN 43 T2
TDRRAET 5 Z L IXTE 20, 5 A0S 7 ATt
TPEWEFENREIMLTWD Z &b, 2017 4F L FkE
WZE 2 BRICNT CREEFEREMT 5 2 & 23T
T 5.

Bonanza % A\ C, IR KO LT % A Bl
Ty FLEEbOEK 6 1R 5 EX 6 &
HE,HIBIZEXBE =N 9 Aol xt
L,Bonanza L5 E—713 7 HLZpoTWnWah. Zd
2017 4F 7 H 11 H OFBREE TS SRR C )
HEN, HIGN 91 Tho-Dlxt LT Bonanza 73
625 THoOTZ ENFNTZEB L LND. iz, H15
TIX 2017 D 2 A —27 0 9 £ TEHET
M EFAFN 72 o 7= D2k LT, Bonanza Cli B — 7
D 7T AUANDOFEHEFICRERZENLL LA
V). Bonanza D FEAMAE IS, HE, O FEHicBsn\ T,
35 OFHMAE I A~ T, BB BUS T D2 & 5.
Z AU, 575 & Bonanza OXHRTHA L2 & T
b5 BIE LT, HIBR~AF A 100 sl & HIEF LT
5 J@H T, Bonanza 13~ & 500 S THY, HFIHHN
HALELTWAHRET, 77X 600 JE7e?dZ LR
Holz, ZHITE D, HIB L R TESE KE S EH
TOEMDR DD Z LN D. ZDORT S e fE
DERHEFICRESEEL VDL EEXLND (F
27 o LR LN T R 300 m7Eo 7
& = Bonanza 7% 800 % &CHIWT. £ D BN ET LopT
SNTHERDOFTLDENKEL 0D, TN FY
EREERELTD.).

% 7=, $55 & Bonanza T, IR KD 2016 4F 12 A
225 2017 4 11 AL TOFHIZ & OEEFEE 3
ICE LD £ 3 O TOERERIEHETNS, &,
KO ER N, LN TRENWD EBDN5.

70 4

60 -
. 50
m4o
Ly
B 30 4
%\‘20—
k-
10
0+ T T T T T
O O T 00 O Of O OC O 0 OO OC OC 00 0 OC 00 R OO %
NS NS N 0w~ 09 N H N S N W™
A ol T A i ol o o
HERRARIREA AL AN 200 o ®
W o d o o o o o o o N N N A d 4d oA o od o
= © O © © © 9 © © O o0 o4 4 o 0O 0O O ©c O O
S N NN NN NS 20 AN NN
o~ NN
%A
W 57 A /-
5 SRR O H RIS ET (B7)
130
120
110
100 |

THEF B,

OO0 O OO OF OC 0 OC 0D OO O OO OO0 OO OC OO 0T
= R
FHEE T EE T
[ T S S S S S 0 W0 0 L K0 0 ®
T T - - R
& o ©c o o oo o oo ddod-do o o o o o o
ENNNNNNNNNESENNNNNNN

6 JEIIRK O A BT (Bonanza)

5 &K 3 O TOEHRIEETENS 5o T2
B AL KERHZ O H) OFHEFENRRE S8R D
EWVD T EMD, BT R OIS AN TR D (K
TWEFEET)OTEHRLYNEEZOND. F
72, Bonanza COZEHiRIFHEFNG, A, BKOIAT
SRR RKRENT £330 5. Bonanza TDE D
WREF NI TOREF LEEXTREVDIT,
ARPEEET LR URIKTH 5038, B VRIS )
MWERDENIFERIIFELCTHD. 0B, T—4nN 1
S LDRNDTEET =X LTROVEI LOT
bHoHZ afil Tk<.

3.4 BHBRKO—ZKROMKRIE

WA, BRI R D — B ROMFEE 1T - 72. BARRYIC
VX, B D —E R B L OHEE S H Sk D 0 F RGE
L7 [ 7 135 COfEFH0 A RPES— %R Th 5.
7 6 H RO —BERICHBBR A e 2 & 234530
5. ZHUTEEHFOMRER D2 ERFRIFTTE EE 2
bib.

Bonanza CHRAT L 72 IR KO- —E 2R % X 8
TIEEHEBIZZey LI K8 D, X7 EIREEIZH
B O—FERIZITFBBR R 2N 2 & 3D GEF
Wi, Al o TR 3 - 72. L L, —8RITIT
HIZE DR 3o 72). 72, K 6 TEHEFD



K3 BRI ORI
PR
B e Bonanza
HGA45H) 28 25
5 (6,7,8 1) 67 44
Fk(9,10,11 A) 38 43
(12,12 H) 18 13

CELPILGH Y 7 N EHE LRS-, i
i L 0 700 sS04 BIE< e o7 & X

E—27n 7 ATHY, DA LR TRENH-T2 D
B 7T AD—ERNENZ ERTREINS. L
L,7 ADO—FHRIL 53%TH Y, FHEFEIN/ NS 6
AO—EHE 54% L ZEFRFETH 7. ZORERND
T L —FRIINN T UL MR S B b Tids
W2 EDIND.

ZZF T, 55 Bonanza @ A BEY R E /R C
Tl Lo, —BERIIEENEW R TH LY 7
FEFELER BT HIERELS D, Lo THMZ
—F R TIIHENTIN W, F 2T, BRI T O

— R R L D — R, B TO—RRE T

%% 4 1%, H55 & Bonanza TOEHR KOS L0
—HRTH D BRI LT, RN 10 /UL E
WZfR 72 3 4 OFIGTO—HENS, AT 75 /i

— RN 50%E o T RO —FE 61% & k<,

P & —ERICHBER H B Z ENmnb. L, 5t
e, AR Ui, — BRIz EN o7z, £z,
7< 4 @ Bonanza TO—ER LI TO—HBHFE L # b
% &, Bonanza THEAT L7 —BeRIL, £ TORMEI

BWTHI T L7 —BER L VRN Z R0 5.

F 7o, B TRENT U7 —BeR L RIERIC, AT 7 xR
E#o Text RO —83 & MK <, e, A o —BoR

WM R0 5 . $75, Bonanza D61k, ik
B O—FERENG, HFERIEOSGS, —8EN LR 57k
EOBN LTI L > TH DO LI NAEL D &
fEEmfHir bzl cE ot

IR RS s BIcED 4 By, S BfdE) 6 B, b
HD 7 B CREBEIZ /2 o 72 91, —HRANZIE, B
TR ZRDEETCHDIEEZLNTND. BIET
I, B I3 ZRERRbE e o b EH SN TWh D03,
JeAaFE, FFEICHW SN TW 2 D Th D, B
EWVI BRI 7R IRIE Y, — A B A LT <4y
N RLTLBHEDHH LD TH LN, EBROES %
SR TV BE S OFRIE & L COBRM ORI

—BE%

20164F12A
20174E1R
2017458
20174F9H
20174F108
20175118
20174F12A
2018%4H

il
i

7 RRIFHSOR O F RIS — e (£7)

85 1
80 4
75 4
70 4
65 4
60
55 A
50 A
45 +—T 7T T T 7T T T T T T T T T T T T

—HE %

0 OC OC OC OC OO OC OC OO OO OC OO OC OC OO OO OC OC OO
N o= NMm T N W~ 0 H N H NM T N
YT - ol - - ST TR TUNE . - g ol - . o
HRRERRAER AR R RS T E & ® o
W o o o o o o o o o B~~~ o o O o o o
4 0O 0O C 0 00 0 0 O JdddOo o o o o .
L= I O S S R S A o B S A N R N = I~ T~ T S I S A A S B
~ NN
A

8 BRIEHK O H B —B5R (Bonanza)

F4 ST OBIRAONE L FO Bk

5 Rt | —BEA | —BEB
% F 42 62 56
LS5 58 58 53
%5 83 61 55
A 14 50 49
FHJE R H 63 59 54
KR D TR 34 60 54
ALY 22 58 53
D 10 63 57
KA H 12 60 56

" HE A 134575, —30E B 1 Bonanza T 5. 72
B, HZLIZ%TH 5.

ERDIZWEZ A, D, —EERDE TN
LIAILDD. ENERTERIBRIEEL LT, A1
V=Tt I bbb AnLb—T 47, BALK
DEWEIETH D 0MERE L TREDGFETDH. K
MXTIE, AL —T A Y TORRO—DTH LK
ERELVWENTL—Y—0ENIL—TFT 4 TN
BWERRWE WS EE, oL —7 4 7%
BNHARAE L7z,

A b—7 4 UMb B REET D7k L
LT, MEEITIC X 2 HENIREIN TS, (IF



X, BEEEMEAT IC K W 2 HEET D70, R, —
I EONT #IT> TN D, ZOME, BRIZERT
HZLT, FL—F%—DL—F 4 VT EHETE D
ZEERBLTWAIL L L, BFEOHRIZHEH L
EFTIC O REN S 5. BRI Y 7 bORT iE
FLELFLOEICL S TERINDT D, [HE
7 MNOREFICE S TEFLHWEINIE LN R
2o T B A—FHt Y 7 FT& 2, HIFE OBA,
KEBFNED . S OI, MR LWEmEICB W T
I, A OB I BEWEGA T, KE o 2FHmfEic
RAOZENDHD. ZNHDZ END, BFEORITEM
ZE W REREAT I RN H D Z E RS,

S5, ANEEEHLY 7 FofE LFoHRD D%
WS, BFEORIZIER U HREMRAT O K 5 % i
T 5. PO I A BLFEFRAT IO T 2 R B ST,
FHELY 7 RIS NI b D TH 5. FHL Y
7 FRIEOXE T, BEWIS, FMER ORI K
FEELETS. Lo, ANEELORRE T, K
TFEELET D2 ETE LW R Y 7 b R RS
BE, #monunny, NMoORHMnEE (5 LFoOkD
) FELENRFELIREW. Thz, AMicE
STOREFEL, —BELTWARVOTHD. 51T,
BOREF GREMITITEND Z LIIRARETH D0,
SERMATN TE =L L TR - ot i 72 el
F)ERLTEZ, BRI DT W EIH RS 7
W, el s, AMoxtEkicRBW TR, mETUSS
DFEIHETHRBHRLT VW ERHINLTHD.

Bl 21X, 2 DD LFOBEMN & 5 i+ A) GFHMm
B 1500 SDOFE L T-TH 528, 1500 5 Y — R &2 fERF4
D100, FnU B b REFEE LRI 2 TE RS
RWEWHIBETHD. wBEFLUINDOREF LR
%, A — 2T 2 D, Wil LT WE L
FThHDAEMTF B) FEME 1000 ROELFTHD
0, ZFNLUBEORE L FRREFTH-TH 1000 H2E
R CE DI LTTH DMLY 7 ML, sl
T A) ORLTEPRETH L0, NEBRTHE, #
T BORBLERRELAREDLLEENRHLDT
1X72W 25 9 D,

Iz &0, BEicB T HRAET D, FHHE
BNZIE R Z RN WD, WEOEE Z 0 12 < Wi
O &, iHMifETREL Y —RL TV AR KREFT TR
WET CIZFHMIEIXIANE D S /i D) ThbH. by
TV —Y—RtDX A FAEETY, G E
BIREND “HRSERTAZENILSH D I,
ko T —Y—D%E, ARG, Fim C) LY
HJRH D) ICHEET DL TEEA TW D ATREMEN
BWEDThsEBZ2OND. Fl [WE~Y Y7 )
0, BRI IZ, Rl D) ICFFET 5 LFT

bbHEEZ5. JHm D ICHEETHIE LTI HFEIC
BRETZRINEZSGEIL, BRI/ >TLED.

Do EBH A EMT B) S, i D)2k
WA LR, B Y 7 MR ET TR R
IR EHESNADS LR, £, FE IR
[l D) Che# T2 48 L) T 2o Z L1, &k
FLUNTHEZ DRI CEMNZROZE LD bIED
DICEEL . 26 O N OXHRCIEEERMICHED
RFT W LT, Lo # LW e CiEA TR Lk
T AHRE &, LY 7 MEEHl T E Aav. 2T, A
MO ZHET D ETOREARRETHD.

HARPY 7 BEREFRAT OFI & L C, IR KOG
fENT L, BT, —BeROBmE T~ HEHENT D
B o= A OBEH:ONEHEFITIL, B VR E
FREINT DLV AN RLNZ. 2D &b,
BT EVEIICERT IRE D Dot Lk
WO I L TH AN EFEZR DL 2
TR, BITIFEFENENT 2 &0 5 BRI R
DHABEMER S H. 2, —HRICBE L TiE, K&/
ROIZR SNtz L L, RN —EREZH
Rz & Z A, BRO—EERITIIHEBENR R oo 7o, 7
B, Tk, MO —BRIZITEN O eno T,
Bl Z XA Y ORI —EEPERICHGW R E L
WD R BN B L Lol 2l KD,
BR LA K0 b5 XA 5N TE 7
Mol lek, —BORIL, 4BORE THRM Y 7 b
DEREBETFL—HTNIREL DD, HAODHE
WA LI W EW S EL & - 7.

SR, KL THLNZILEL—T 4 7B
T DA EME R E O RS, HEEHEITIZ W T, TR
DHZEHBRZENT, RETOAR S LWEL F%
I C X D8 LWL HEEIE A RE L T E .

2 3CHk

[1] ¥ — B A — R 6 B E T ol
V& AR, LA, pp. 61-154 (2012).

[2] AFEFEETEN B AR E R,
<https://www.shogi.or.jp/> (2018 /=9 H 19 H)

[3] Arpad E.Elo: The Rating of Chessplayers Past
& Present, Artwork by Zastrow Studios, Thiensville,
Wisconsin, (1978).

[4] RPEE B R pRR — B (L —T ¢ 7)),
<http://kishibetsu.com/rating.html> (2018 4= 4 H 9 H)
[5] World Chess Federation,

<http://www.fide.com/> (2018 4 6 H 1 H)

[6] US CHESS FEDERATION,
<https://new.uschess.org/home/> (2018 4 6 H 1 H)



[7] WRZE A AND V—T ¢ 7 LGRS AT, 7
—ALTuTTIVIU—r v a v 2014 FCEE
2014 %, 9-16 (2014).

[8] = B2 — %L Qhapaq,
<http://qhapaq.hatenablog.com/> (2018 4~ 9 7 19 H)
[9] Bonanza - The Computer Shogi Program,
<http://www.geocities.jp/bonanza_shogi/> (2018 4 9 A
19 A1)

[10] L7V —Y T~ L—FT 47,
<www.uuunuuun.com> (2018 4= 9 J 19 H)

[11] ShogiGUI,

<http://shogigui.siganus.com/> (2018 4~ 9 A 19 H)






IR REBE LA 7e R WhFe s 45 675 20184E 10 H
Mem. Grad. Eng. Univ. Fukui, Vol. 67 (October 2018)

Method to Diagnose Lubricating Oils by Analysis of UV-VIS-NIR Reflectance and

Transmittance Spectrum and Colorimetry
Tomomi HONDA"
(Received September 6, 2018)

The degradation of lubricating oil, which is used in various machines and devices, can be
broadly classified into two types: the one which is caused by solid particles and the other by
oxidation. For the present study, we collected lubricating oils and hydraulic oils at random from
operational machines and filtered the oils through membrane filters. Using UV-VIS-NIR(Ultra
Violet-Visible-Near InfraRed) spectrophotometer, we diagnosed these oils by reflectance from the
contaminants caught in the membrane filter and by transmittance through the oils. In addition, we
used the colorimetric technique. We calculated the average reflectance for a given visible
wavelength and examine the relationship between the average reflectance and the transmittance at
496 nm, and found a difference in the degradation path for the oils. For degradation due to solid
particles, the membrane filter became gray or black, and the average reflectance changed
significantly whereas the transmittance only changed slightly. On the other hand, for degradation
by oxidation products, the membrane filters were brown, and both the average reflectance and

transmittance changed significantly. Finally, we confirmed the usefulness of this method applying

to the hydraulic oils used for press machines.

Key Words :

Membrane patch, Maintenance

1. Introduction

Lubricating and hydraulic oils used for various types
of machines and equipment degrade with use, and about
70% attributable to
contaminants in oils'"). Therefore, a proper diagnosis of

of hydraulic problems are
the causes of oil degradation is important to prevent the
machine-malfunction problems that are associated with
oil deterioration. Lubrication management based on good
diagnostic technology would thus be able to prevent
equipment malfunction, thereby increasing productivity.
In a previous publication, we reported the colorimetric
technique to diagnose oil condition, which is based on
analyzing the color of contaminants'®). In the present
study, we develop a combined technology of colorimetry,
reflectance spectrophotometry of oil contaminants, and

transmission spectrophotometry of the oil.

* Mechanical Engineering Course, Graduate School
of Engineering

Spectrophotometer, Colorimetric analysis, Hydraulic oil, Contaminant, RGB,

2. Experimental

To filter the lubricating oils, we used a membrane
filter with a pore size of 0.8 um and a diameter of 25 mm
that was clamped between the filter support of a vacuum
flask and the filter funnel (see Fig. 1). By reducing the
pressure, a 10 ml sample of oil was forced through the
filter and into the flask, following which the membrane
patch was dried. To obtain color information we scanned

the contaminant-impregnated membrane patch using a

Cylinder
Cover
Membrane filter
Sample oil

Flask Vacuum

pump

Fig.1 Filtering equipment.
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general-purpose image scanner and recorded the images
as 256-level red-green-blue (RGB) images.

With the help of image-editing software, the RGB
values from the images were adopted as intermediate
values from a histogram.

Using a spectrometer, we measured the reflectance of
the membrane patches and the transmittance of the oils.
Table 1 gives the specifications of the spectrometer and
the measurement conditions. The reflectance was
obtained by comparison with a new membrane filter and
the transmittance was obtained by comparison with an
empty quartz cell.

The lubricating oils and hydraulic oils analyzed in this
study were collected at random from operational
machines. The number of oils collected and their types
are shown in Table 2. In the experimental results, we

focused on the hydraulic oil.

Table 1 Specifications of spectrometer and test

condition.
Monochromator Prism-grating type
Double monochromator
Photomultiplier (UV-VIS)/
Cooling type PbS (NIR)
Detector
960 mm integrating sphere:
Inner face coated with BaSO4
Light [9A% Deuterium lamp
source | VIS-NIR S50W tungsten Halogen lamp
Pphotometry method [ Double beam direct ratio method
Wave length 190~2600nm
Sampling interval 0.5nm

Table 2 Summary of analyzed oil samples.

Number of Number of
oi Samples oil Samples
Processing oils 19 Antirusting oils 3
Test oils 24 Pump oils 15
Hydraulic oils 190 Others 23
Lubricating oils 7
Total 281

3. Results and discussion

3.1 Color of membrane patches

Figure 2 shows some examples of used membrane
patches. Each membrane patch was scanned with the
image scanner, and exhibited various colors such as
black, gray, brown, yellow, and white. For hydraulic oils,
the RGB levels of the membrane patches were in the
order R > G > B for 179 samples, G > R > B for 6

samples, and R = G > B for 5 samples.

For the latter two sets, the difference between the R and
G values is less than 2. In other words, the majority of
hydraulic-oil contaminants are reddish in color. Similar
results were obtained from the other oil samples.

The R value was the largest of the three colors for most
of the membrane patches. For membrane patches in
which the RGB values do not follow the R > G > B
ordering, each color exceeds the value of 230, indicating
shows a
The

diagonal line extends from black to white and includes

that there is little coloration. Figure 3
three-dimensional distribution of the colors.
gray between these two extremes. The off-diagonal
colors are in the direction of red and yellow. The
oil-contaminant colors occupy the brown area from the
diagonal toward red and yellow. Therefore, all colors are

in the pyramid with four apexes of black, white, red and

Fig.2 Some examples of the membrane patches.

yellow.

Blue(0,0,255)
Cyan(0,255,255)
Magenta(255,0,255) :D>
@ .| — . T
B = -.hlte(255,’»255’25—5—)___

_____________ 5

Green(0,255,0)

Red(255,0,0)
Yellow(255,255,0)

Fig.3 Color distribution of analyzed membrane patches.

3.2 Spectroscopic analysis

Figure 4 shows the reflectance of several membrane
patches. In the near-infrared region (4 > 780 nm), the
reflectance spectrum has dips near 1200, 1415, 1720,
1910, and 2307 nm, although each sample oil has a
distinct reflectance. In the visible regime (380 < 1 < 780
the

wavelength. In the ultraviolet range (4 < 380 nm), the

nm), reflectance decreases with decreasing

reflectance exhibits its smallest value near 300 nm.
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Average reflecctance of visible light, %

To quantitatively evaluate the color data, we calculated
Fig.6 Relationship between average reflectance

the average reflectance of visible light, as shown in Fig. 1
and transmittance at 496 nm.

5 and compared it with transmittance at 496 nm, which is

related to ASTM color'™.
Table 3 Operating conditions of lubricating oil used

0 . 100 in Fig.6.
801 °\c1 80r V Load, t|Symbol| Time, hours Load, t{Symbol| Time, hours
o / ] 1102 A 1903
601 c 60 2171 200 @ 2023
40r S 40 W 3869 e) 4155
2 100 [ (Q 4142 A 8300
20 & 20 =) 5950 O 1924
A A : 6049 m 1928
07400 500 600 700 800 07400 500 600 700 800 g :ggg v ;g;g
P>
Wavelength, nm Wavelength, nm < 576 ; 5
. . A 2651 600 | O 2022
Fig.5 Calculation method for average reflectance. o) 3994 ® e
o 6834 I 2249
Figure 6 shows the results of the analyses of the 300 _<.> - [0} 4079
4079
hydraulic oils used for 100- ~ 600-tons press machines. o D 2205
The operating conditions are given in Table 3. In all ‘;
cases, the membrane patches were brown, as shown in O
Fig. 7. These oils were used for 1000 ~ 8000 hours, and
the quantities of the oils ranged from 1500 to 1800 liters.
The oils were purified by an electrostatic dust cleaner
EDC). For the 100-t hine, transmitt 0~ 2001~ | 4001 hr~
( ). For the -tons press machine, transmittance 2000 hr 4000 hr
varies with operation time, whereas for the 600-tons
press machines, transmittance variation is less and the 100t
variation in average reflectance is significant. The i
corresponding values for the oils used in the 300-tons 300t (
press machine were distributed between the values for )
those used in the 100- and 600-tons press machines. 400t
When the average reflectance is below 80%, the
membrane patch is colored. It appears that the progress
of oil degradation is indicated by the deepening of the 600t
brown color. This coloration is caused by the appearance

of substances that are insoluble in oil. Most color
Fig.7 Typical samples of the membrane patch

disappears when these contaminants are dissolved in ) >
images in Fig.6.

toluene and re-filtered. In other words, brown substances
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are oxidation products that are soluble in toluene.
Heating hydraulic oils is considered to significantly
influence its oxidation'* =,

The oils for the 1000-tons press machines are the same
brand as those for the 100- to 600-tons press machines
and the oils were not purified by the EDC. Figure 8
shows the results of the analyses of the hydraulic oils
used for 1000-tons press machines. Each membrane
patch used to filter the oils is gray in color, as shown in
Fig. 9. Compared with Fig. 6, the change in reflectance is
significant, but that in transmittance is less. In contrast to
contaminants such as oil-oxidation products, which are
molecular sized and numerous, contaminants such as
wear debris are large in size and few in number.
Therefore, only a weak diffuse reflection is observed,
and transmittance is high. However, the size of wear
debris causes a reduction in the average reflectance
because most of the large contaminants are caught by the
membrane filter.

Membrane patches washed with toluene to dissolve the
oxidation products were observed with a scanning
electron microscope (SEM) to investigate the color
difference of the contaminant with insoluble material and

100
X Hydraulic fluid used for
- | 1000t press
£ 80 O A
§ A
i 60
<
§ L
2 40+ © °
=
€
a 20F
o
|_

| L | |

0 20 40 60 80 100
Average reflectance of visible light, %

Fig.8 Relationship between average reflectance
and transmittance at 496 nm.

FAN O | | v A
®» -
O @]
3 &

Fig.9 Membrane patch images of Fig.8§.

the transmittance. Figure 10 shows an SEM photograph
of a membrane patch used for the 100-tons press
machines with an oil purifier, while Fig. 11 shows an
SEM photograph of a membrane patch used for the
1000-tons press machine with no oil purifier. This latter
membrane patch contains a lot of contaminants, mainly
composed of Zn, which are cylindrical or spherical in
shape and have an average size of 10 um. Because of the
operating conditions, most contaminants are believed to
be metallic wear debris generated from the bearings.
These results indicate that the degree of oxidation can
be estimated by transmittance and the degree of
degradation and the contaminant properties can be
estimated by the color and the average reflectance of

membrane patches.

Fig.10 SEM photograph of the membrane patch of the
100-tons press machine with an oil purifier.

Fig.11 SEM photograph of the membrane patch of the
1000-tons press machine without an oil purifier.

4. Conclusions

The color of oil contaminants ranges throughout the
area in Fig.3 from the diagonal line toward red and
yellow, (i.e., brown). Therefore, all colors in the pyramid
have four tops: black, white, red, and yellow.

The difference in the relationship between the average
reflectance and the transmittance was related to the color
of the membrane patches. If the membrane patch turns
brown, the change in transmittance is large compared
with the average reflectance. If the membrane patch

turns gray and the color is displaced along the diagonal



line toward white or black, the change in the average
reflectance is large compared with the transmittance.

A reduced transmittance and an average reflectance are
caused by an increase of the amount of oxidation
products and of the number of solid particles, such as the

wear debris.
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Influence of the Contaminant Amount and Its Type in Oils on the Membrane Patch Color

Tomomi HONDA™
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Degradation of lubricating oil and hydraulic oil is roughly classified into two types, one is

caused by solid particles and the other is caused by oil oxidation products. Current diagnosis

methods for detecting solid particles such as a spectrometry oil analysis program, particle count

method and ferrography method are very useful for it. However, there are few diagnostic methods

for the oil oxidation products. The authors have developed a new diagnostic method for lubricating

oils by the colorimetric analysis of membrane patches. In the present paper, color characterization

of membrane patches was discussed using degradation oils which were prepared in the laboratory.

We also investigated the relation between reflectance of membrane patch and transmittance of

lubricating oil using a spectrophotometer.

As a result, we found the coloration of membrane patch was different by degradation of the

amount and type of contaminant. It seems that new color parameters basis of the RGB value can

distinguish them and evaluate the contamination level of the oil.
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Table 1 Property of sample oil.

Sample No. Oil composition

WDO0O0 New base oil + Wear debris

WDO03 3 hours oxidized oil + Wear debris
WDO06 6 hours oxidized oil + Wear debris
WDO09 9 hours oxidized oil + Wear debris
WD12 12 hours oxidized oil + Wear debris
WD15 15 hours oxidized oil + Wear debris
WD18 18 hours oxidized oil + Wear debris
OP00 New base oil + Oxidation products
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Table 2 Physical properties of non-additive oil.

Density, g/cm3 0.863

ASTM color 0.5
Kinematic Viscosity, @40 °C 30.6
mm?®/s @100 °C| 529
Viscosity Index 104
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Fig.1 Relationships between particle diameter and

relative frequency of the number of particles.
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Fig.2 Changes of total acid number and kinematic

viscosity as a function of heating time.
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Table 3 Membrane patch images
(Sample No. WD00, WD09, WD18 and OP00)

Amount of contaminants, mg/10ml
WD00 .O 0.06 0.10 0.27 0.57
New base oil ) U A b
+ Wear debris . J
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9 h oxidized oil h e N \ |
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WD18 0 0.07 0.20 0.59 0.97
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+ Wear debris . 4
POOO 0.01 0.06 0.1 0.31 0.88
New base oil +
Oxidation products
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Fig.3 Relationships between average reflectance of
visible light and amount of contaminant.
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Fig.5 Relationships between amount of contaminants
and RGB value
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Fig.9 SEM and OM photos of the membrane patch.
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Implementation of Smartphone Game Supporting

Cross-culture Education
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In this paper, we develop a smartphone game in which we can easily train cross-culture edu-

cation. In the cross-culture education, we can learn the handling method which prevents us from

getting stress by the difference of common sense and values under the cultural background if we

face the persons with different culture. In this paper, we focus on cross-culture games, which are

cross-culture education methods. However, the cross-culture games cannot be performed easily be-

cause of necessity of the expertise on the cross-culture education and finding other participants of

the game. In order to overcome the problem, we develop a smartphone game of the cross-culture

education. In addition, we evaluate an educational utility of our smartphone game. Our smartphone

game can appropriately provide an opportunity of the cross-culture education, and anyone can easily

perform the training. Our smartphone game is useful for the cross-culture education.

Key words :Cross-culture Education,Smartphone Game,Back to Back Game,Single Play
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Display System of Appropriate Japanese Meaning of English Words

Norifumi KAMADA*, Jousuke KUROIWA?*, Tomohiro ODAKA*
Izumi SUWA* and Haruhiko SHIRAT**

(Received January 29, 2019)

In this paper, we develop a support system for reading comprehension in English with
AR(Augmented Reality) technology. The system presents appropriate Japanese meaning of the En-
glish words corresponding to user’s English vocabulary. We construct English-Japanese dictionary
database with the level information of English vocabulary. We implement a determination function
of the appropriate Japanese meaning of the English words by comparing Japanese meaning in the
dictionary database with corresponding one in the sentence given by the translator. We evaluate the
success ratio of giving appropriate Japanese meaning for an English sentence with 167 words. The
success ratio is 71.6%. In addition, we evaluate required time to read two kinds of English sentences,
which include 8 words, among which 3 words are University student level, with use of our system
or an electronic dictionary. Our system succeeds to decrease the required time by 49.8s on average.

The facts reveal usefulness of our support system.

Key words :AR, Support System, Dictionary Database, Appropriate Japanese Meaning
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Information leakage prevention system by self-clearing program
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In this paper, we proposed a new method to prevent information leakage which is not found in
conventional information leakage prevention systems. Using the method of the new information
leakage prevention system, the usefulness of the system was discussed.

In recent years, information systems have been used in various places such as personal computers
and smart phones due to the spread of the Internet. However, even if companies and organizations
take measures against information leakage, information leakage remains unchanged at present.

In this research, we propose new information leakage prevent method using the self-clearing
program. To attach the self-clearing program to the confidential information itself, the self-clearing
program can delete the confidential information if information leakage occurs.

We conducted an experiment on whether the information leakage prevention system by the self-

clearing program actually operates, and examined the usefulness of whether it is possible to prevent

information leakage in a new method.

Key words :Confidential information
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Educational support system using IT technology
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In this paper, we show how to construct an educational support system using Information Tech-
nology(IT). Since IT technology is evolving day by day, utilization of Artificial Intelligence(AI) and
big data are expected to spread. From that expectations, it is necessary to promote education using
Information Communication Technology(ICT) even in the educational setting. However, there are
many lecture type lessons in current classes but few lessons utilizing ICT. We have developed an ed-
ucational support system that utilizes IT technology for lecture-type lessons. We have created three
main systems, which are the Web blackboard system, the preliminary review video delivery system,
and the remote lesson support system. The Web blackboard system saves the labor of writing on
the instructor’s blackboard and it helps students review their preparations. The preliminary review
video distribution system distributes prepared lecture explanation video on the Web page. The re-
mote lesson support system supports distant class by delivering lecturer’s video together with Web

blackboard system. By using these class support systems, it is possible that ICT can be used for

lecture-type lessons, which can encourage students’ willingness to learn.

Key words :Class Support, IT technology, Web Blackboard System, WebRTC, Video
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Soccer sound commentary system using Twitter data
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In recent years, the Internet and communication technology have been dramatically spreading.

Many people are using services on the Internet regardless of time or place. Among them, social me-

dia are used by many people. In this research, we will focus on Twitter among social media. We aim

to develop a system that enables sound commentary of football using Twitter data. We acquire only

the necessary data from Twitter, process it properly, and generate commentary sentences. Speech

output can be enabled from generated commentary sentences using text-to-speech engine. To extract

and output the optimum Tweet, a document summarization algorithm is utilized in the system.

Key words :Twitter data,Natural language processing,LexRank,Synthesized voice
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The Use of Research Articles in an ESP Course for Engineering Undergraduates

— An Investigation into the Effectiveness of a Genre-Specific Rhetorical Approach—
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Research articles (RAs) are often the main reading material for English for Specific Purposes
(ESP) courses within engineering. As such, effective reading of the material is important to
student’s future. Fifty-six Japanese second-year engineering undergraduates were divided into two
groups. Only one group was given instruction on the rhetorical features of RAs. The results
showed that the intervention group performed slightly better on the post- reading comprehension
test than the control group. Additionally, the intervention group reported significantly more
frequent use of reading strategies, which showed a positive correlation with their post-test scores.
Follow-up interviews revealed that the awareness on the text structure helped the intervention
group to read in a strategic manner, however, they also exposed a weak reader’s struggles. This
paper concludes with a discussion of pedagogical implications of introducing RAs in an ESP

classroom.

Key Words : English for Specific Purposes, Genre-Based Instruction, Reading Strategies, English

for Engineering Students, Materials Development

1. Introduction

The development of an effective ESP programme is an
important issue in university curriculum development.
Commercially produced textbooks are widely used in
ESP classrooms. They offer organised teaching materials
and a structured syllabus focusing on informing learners
about language features and providing activities to
practice them. However, the contents may not be
relevant to a learner group who major in a certain
academic discipline and they may not reflect learners’
needs!".

This study examines the use of RAs in an ESP course.
RAs can be an effective reading material as they offer
up-to-date technical knowledge as well as relevant
vocabulary. Nevertheless, potential pitfalls could be the
difficulties that derive from their length and specific
contents especially for learners at beginner and lower-
intermediate levels. To address this concern, this study
explores the impact of instruction that aimed to enhance

learners’ awareness of rhetorical features of RAs. It

* Electrical and Electronics Engineering Course,

Graduate School of Engineering

hypothesises that a genre-specific rhetorical approach
can get the students familiarised with the structure of
RAs and help enhance their reading performance.

First, this paper reviews relevant literature and raises
research questions. Next, it presents the methodology of
this study, including a description of classroom materials
as well as the three instruments administered for data
collection. It then presents the results of the statistical
analysis, which is followed by discussion with the
interpretation of the qualitative data that addresses the
research questions. Finally, this paper concludes by
pointing out limitations and pedagogical implications

with possible directions for future research.

2. Background of the Study

2.1 ESP Course Development

In order to explore better ESP learning and teaching
practice, several needs analyses have been conducted in
engineering-related fields. The results revealed a certain
type of tasks that was required to carry out in an
engineering workplace. These tasks involve reading
technical documents, manuals and RAsPH,
Needs analysis also specified the types of reading

skills and activities that need to be incorporated into
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classroom tasks. Engineering students tend to perceive
that they lack skills such as skimming, scanning and
summarizing texts” and reading long, complex and

specialized texts',

and they preferred up-to-date,
unsimplified and subject-specific texts!®). These results
suggested the increasing demand for a specifically
designed ESP course. They also indicated the need for
collaboration between subject teachers and English
language teachers to integrate the expertise in subject
contents into language teaching!”.

RAs can be a suitable reading material for an ESP
classroom. They offer state-of-the-art information, which
are relevant to a certain learner group who belongs to a
specific engineering field. As an increasing number of
researchers of multiple nationalities are contributing the
creation of professional knowledge” '), RAs would be
the primary source of information in an academic context,
where students are required to read and write about their
research.

However, the length and the contents of RAs tend to
pose a difficulty, especially for learners with weak
reading skills. It has been argued that ESP courses are
only suitable for learners who have already reached the
intermediate level of English language proficiency'®.

Thus, there is a need to address these concerns.

2.2Textual Properties of Research Articles

Swales1%

focused on a genre-specific rhetorical
structure of RAs in order to help teach and learn
academic and research English. He analysed textual
properties of RA introductions and developed the Create
a Research Space (CARS) model (Fig. 1). In this model,
a text segment that performs a communicative function is
recognized as a “move”. It contributes to account for the
rhetorical movement in RA introductions with some
obligatory or optional “steps”. The CARS model has
played a remarkable role in connecting the area of

language pedagogy and applied discourse analysis!'").

[12]

the

the domain of

Kanoksilapatham specifically analysed

textual organization of RAs in
engineering. She expanded the CARS model and
added three moves to each of Methods, Results and
Discussion sections (Move 4-12 in Table 1). This
model offered thorough understanding of rhetorical
organization of published RAs, which would help
the

genre-specific structure and possibly facilitate reading

raise engineering students’ awareness of

comprehension.

l

Move | Establishing a territory (citations required)
via

Topic generalizations of increasing specificity

Move 2 Establishing a niche (citations possible)
via [Possible recycling of

increasingly specific

topics]

Step 1A Indicating a gap

or _—)
Step 1B Adding to what is known

Step 2 (optional) Presenting positive justification

Move 3 Presenting the Present Work (citations possible)
via
(obligatory) Announcing present research descriptively and/or
purposively
Step 2* (optional) Presenting RQs or hypotheses
Step 3 (optional) Definitional clarifications
Step 4 (optional) Summarizing methods
Step 5 (PISF**) Announcing principnl outcomes
Step 6 (PISF) Stating the value of the present research
Step 7 (PISF) Outlining the structure of the paper
* Steps 24 are not only optional but less fixed in their order of occur-
rence than the others
** PISF: Probable in some fields, bur unlikely in others

Step 1

Fig. 1 The CARS model for RA introductions!'”!

Table 1 Moves identified in the Methods, the Results and
the Discussion sections

Methods Move 4: Describing procedures
Move 5: Featuring other methodological issues

Move 6: Reporting and consolidating findings

Results Move 7: Summarizing procedures
Move 8: Reporting results

Move 9: Commenting results

Discussion ~ Move 10: Reviewing the present study
Move 11: Consolidating results

Move 12: Stating limitations and future research

2.3 Reading Strategies

A growing number of studies have been conducted to
explore the impact of strategic reading skills on second
language (L2) learners’ reading performance. This line of
research employs a questionnaire which measures
learners’ strategy use when reading an L2 text in the
hope of making them conscious about their own reading
process. Several questionnaires have been developed to
assess strategic L2 reading! ") based on first language
(L1) reading literature!'®. These involve strategies used
by skilled L1 readers before, during and after reading.

While L2 reading strategy questionnaires do not



generally specify the genre of reading materials,
Mokhtari and Sheorey!'” developed a questionnaire that
specifically focused on L2 reading strategies on
academic materials. The Survey of Reading Strategies
(SORS) involves 30 items, which are divided into three
subscales: global reading strategies, problem-solving
strategies, and support reading strategies. Global reading
strategies refer to strategies that are oriented towards a
global analysis of a text, problem-solving strategies aim
to solve problems when a text becomes difficult, and
support reading strategies use outside reference materials
as supportive tools.

Previous studies which utilised the SORS have shown
some consistency in L2 learners’ reading strategy use. In
a study with university undergraduates, Alhagbani and
Riazi'"® reported that learners’ awareness of global and
problem-solving strategies was significantly correlated
with their self-rated L2 reading ability, whereas support
reading strategies had no correlation. This was in line
with the findings by Sheorey and Mokhtari"”, which
implied that support reading strategies were used more
by learners with lower self-rated reading ability in order
to compensate their lack of L2 proficiency. Hong-Nam

201 also confirmed these results, in that,

and Page
self-rated advanced students reported more frequent use
of global and problem-solving strategies. These findings
need further investigation in the context of an ESP

reading classroom.

2.4 Genre-Specific Instruction on the Text Structure
of RAs

The CARS model"”"?! could be incorporated into
ESP course instruction. The framework has been
commonly used as an effective model for writing RA
introductions

across many disciplines

[21]

including
engineering-related fields It could work as an
instructional framework for English language teachers
to familiarise learners with the target discourse!??. The
awareness of genre-specific text structures could also
help learners build confidence when they read RAs!*),
Little research has been done into the effectiveness of
text structure instruction on L2 learners’ reading
performance. In the context of L1 reading classrooms,
such instruction has been widely reported to be effective
in facilitating reading comprehension**. With regard to
an investigation into L2 readers, a case study indicated a
possibility that language teachers could facilitate reading

comprehension through the exploration of genre-specific

features of RAs®. However, there has been very little
research conducted into the specific impact of such
instruction in an ESP context using RAs. Thus, this

present study was an attempt to fill this gap.

2.5 Research Questions

1. Does genre-specific instruction on the textual structure
of RAs have a positive impact on learners’ reading
performance?

2. Does the instruction facilitate learners’ self-reported
reading strategy use on RAs?

3. Is there any relationship between reading performance
and self-reported reading strategy use?

3. Methodology

3.1 Participants

A total of 56 second-year undergraduates who were
taking a compulsory ESP course participated in this
study. They were divided into two groups and taught the
same contents in different classrooms. According to a
background questionnaire, which was administered prior
to data collection, all participants were Japanese
nationals and their self-evaluated English reading skills
were beginner to lower-intermediate. The questionnaire
further indicated that they had little experience with
real-life English texts other than language learning
materials. The whole classroom atmosphere could be
viewed as unmotivated or uninterested, which is often
described as a typical learning context in university

English language classrooms*®.

3.2 Classroom Materials

Classroom reading materials were chosen from a
journal issued by the International Council on Large
Electric Systems (CIGRE) which is a global organization

in the field of power systems. The journal aims to keep

Table 2 RAs used in ESP classes

Class 2 TB579 “Green Field Network, Designing Future Networks
Ignoring Existing Constraint” (2014)

Class 3 TB598 “Guidelines for the Management of Risk Associated
with Severe Climatic Events and Climate Change on Overload
Lines” (2015)

Class 4 TB583 “Guide for the conversion of existing AC lines to DC
operation” (2014)

Class 5 TB601 “Guide for thermal calculations of overhead lines”

(2015)
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engineers informed about the results or progress of the
work performed by the study committees. Table 2 shows
the titles of RAs used in the four reading classes from
Class 2 to Class 5.

Reading tasks were given in a separate worksheet (Fig.

2). Comprehension questions were created with regard to
the moves in the CARS model. They asked the students’
understanding of the rhetorical movement in RA
introductions, methods, results and discussions. Some
questions could be used as generic questions for all RAs,
such as “What is the problem?”” and “What are the values
and outcomes of this study?”, which were accompanied
by text-specific questions according to the contents of
the RAs.

| STORRRT "

Class3 Reading

Gl for the of risk asssciated with
77 - - i

Read the artiche md asmer the folloming quessions

=5
Why do the problemn noed b b solved?

e Special Begert of the IPOL o 0 liman © hange
What i the IPCC?

Whit in the pispure of the IPOES

Wihat ace the purpins i findings of the Special Report of e IO
Purpisia]

[Fondmgs|

rgees sl Fundings
thasdobogees ulilizid in his sy

p
1
Whai iv the vhiective of dis meibrodobopy ™

2 1
What s she objective of dhis methodslogy™ @

Findings:_

Mowel2
3. Fumarc work
What cam b expecied dfon the furen

Fig. 2 Reading comprehension worksheet

3.3 Assessment Materials

Three instruments were employed in application of a
mixed methods approach. Quantitative data was
collected using pre- and post- reading comprehension
tests and a reading strategy questionnaire. Qualitative

data was collected from follow-up interviews.

3.3.1 Pre- and Post-Reading Comprehension Tests
The participants’ reading performance was measured
by pre- and post- reading tests. Both tests also utilised
RAs in the same journal of power systems (Table 3).
Similar to the worksheet prepared for the classroom use,
reading tasks were created to ask students’ understanding
of the rhetorical structure of the RAs. The participants
were allowed to use a dictionary during the tests. The
maximum scores were 20 and testing time was 30

minutes for both pre- and post- tests.

Table 3 RAs used in pre- and post- tests

Pre-test TB523 “System Complexity and Dynamic Performance”
(2013)
Post-test  TB557 “Market Design for Large Scale Integration of

Intermittent Renewable Energy Sources” (2013)

3.3.2 Reading Strategy Questionnaire

A reading strategy questionnaire based on the
SORS!"” was administered to assess the participants’
awareness and perceived use of reading strategies (Table
4). It utilised 5-point Likert-type scale ranging from 1 (I
never or almost never do this) to 5 (I always or almost
always do this) to rate how frequently each strategy was
used. The responses for the 30 items were counted using
scoring guidelines and the averages for all and for each
subscale, global (GLOB), problem-solving (PROB) and
support reading strategies (SUP), were calculated. The
overall reliability (Cronbach's alpha) of the questionnaire
was .89. This indicated the instrument’s reasonable
degree of consistency in measuring the participants’
reading strategy awareness. The alpha values for the
subscales were .81 for GLOB, .77 for PROB, and .67 for
SUP.

3.3.3 Follow-Up Interviews

Semi-structured interviews were conducted to explore
the students’ perceptions on the reading materials and the
genre-based instruction. They asked the following items
based on the previous study that investigated the effects



Table 4 Items in the reading strategy questionnaire

Reading strategy item Subscale
1 T'have a purpose in mind when I read. GLOB
2 I take notes while reading to help me understand what I read. SUP
3 1 think about what I already know to help me understand what I read. GLOB
4 1 take an overall view of the text to see what it is about before reading it. GLOB
5 When text becomes difficult, I read aloud to myself to help me understand SUP
what I read.
6 1 think about whether the content of the text fit my reading purpose. GLOB
7 1 read slowly and carefully to make sure I understand what I am reading. PROB
8 I review the text first by noting its characteristics like length and ~ GLOB
9 1 try to refocus when I lose concentration. PROB
10 I'underline or circle information in the text to help me remember it. SUP
11 I adjust my reading speed according to what I am reading. PROB
12 When reading, I decide what to read closely and what to ignore. GLOB
13 I use reference materials (e.g. a dictionary) to help me understand what I SUP
14 When text becomes difficult, I pay closer attention to what I am reading. PROB
15 T use tables and figures in text to increase my understanding. GLOB
16 1 stop from time to time and think about what I am reading. PROB
17 I use context clues to help me better understand what I am reading. GLOB
18 I paraphrase (restate ideas in my own words) to better understand what I SUP
19 I try to picture or visualize information to help remember what I read. PROB
201 use text structures like headings and paragraphs to identify key = GLOB
21 I critically analyze and evaluate the information presented in the text. GLOB
22 1 go back and forth in the text to find relationships among ideas in it. SuUP
23 1 check my understanding when I come across new information. GLOB
24 1 try to guess what the content of the text is about when I read. GLOB
25 When text becomes difficult, I re-read it to increase my understanding. PROB
26 I ask myself questions and try to answer them as I read. SUP
27 1 check to see if my guesses about the text are right or wrong. GLOB
28 When I read, I guess the meaning of unknown words or phrases. PROB
29 When reading, I translate from English into my native language. SUP
30 When reading, I think about information in both English and my mother SUP

tongue.

of the genre-based reading instruction.

(1) What did you do first when you were given the
text?

(2) What percentage of the text do you think you
understood?

(3) What were the most difficult aspects?

(4) What did you do when you found a difficult
sentence?

(5) Do you think you have learned anything through
this course?

(6) Do you think you have applied what you learned
to help you read the text? What are the things you do
now that you didn’t do before?

(7) Are there any kinds of reading strategies that you
think you need to improve?

(8) How do you evaluate your overall reading skills?

3.4 Procedure

The data was collected in the ESP course over six
weeks (Class 1-6). In Class 1, pre- reading test was
conducted. Class 2 through Class 5 were devoted to
reading practice using four different RAs. Only one

group was given the genre-based instruction. The

intervention group (n=26) received instruction at the
beginning of the four classes. The control group (n=30)
received no instruction on the text structure of RAs. In
Class 6, the post- reading test and the reading strategy
questionnaire were administered. Twelve students in the
intervention group and nine in the control group
participated in a follow-up interview after completing the

post-test and the questionnaire.

3.5 Data Analysis

Data from the reading strategy questionnaire and pre-
and post- reading tests was analysed using descriptive
statistics, ¢-tests and correlation coefficients. To examine
the impact of the genre-specific instruction on reading
performance, pre- and post- reading test scores were
investigated. Then, similar procedures were carried out
to determine whether there was any significance in the
differences in self-reported strategy use. Finally, a
correlation analysis was conducted for each participant
in order to explore the relationship between self-reported
strategy use and reading performance.

The interview transcripts were analysed qualitatively
in order to enhance the understanding of quantitative
results. Some items of the reading strategy questionnaire
were also investigated qualitatively for the meanings.
This helped understand the phenomenon in the specific
context of this present study and capture the students’

complex mental processes.

4. Results

The quantitative data obtained from the pre- and post-
reading tests and the reading strategy questionnaire was
statistically analysed with regard to the three research
questions. The results showed the differences between
the intervention (Int) and control (Ctrl) groups in terms
of the pre- and post- reading test performance and
self-reported strategy use. They also suggested the
correlations between self-reported strategy use and the

performance on the post- reading test.

4.1 Performance on the Reading Tests

Table 5 shows the descriptive statistics for the mean
scores on the pre- and post- reading tests. While the
mean pre-test score of the intervention group (M=7.74)
was 0.71 points lower than that of the control group
(M=8.45), the mean post-test score of the intervention
group (M=11.77) was higher than that of the control
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group (M=10.83) by 0.94 points. The paired two-sample
t-test indicated that both groups increased the scores
from the pre-test to the post-test with a great statistical
significance (p<.001).

Table 5 Descriptive statistics for pre- and post- reading

tests
Group N Test Minimum  Maximum Mean Mean Gain SD Significance
Int 26 Pre-test 0 14 7.74 - 3.48
P <.001
Post-test 2 18 11.77 4.04 42
Ctrl 30 Pre-test 0 16 8.45 - 4.24
p<.001
Post-test 2 18 10.83 2.38 4.44
20.0
15.0
@ 10.0 @ [ntervention
§ group
g @ Control
= 50 group
0.0
Pre-test Post-test
Fig. 3 Mean scores of pre- and post- test
As shown in Fig. 3, the intervention group

demonstrated a greater increase than the control group by
1.66 points. However, the results of the independent
two-sample #-test showed no significant difference in
gain scores between the two groups. The difference in
the post-test scores also did not reach statistical

significance.

4.2 Reading Strategy Use

Table 6 shows descriptive statistics for the scores on
the reading strategy questionnaire. The means indicate
that the intervention group reported higher frequency
(M=3.02; 2.99; 3.15) in use of strategies than the control
group (M=2.74; 2.68; 2.80) for all three subscales. The
independent two-sample #-test revealed that these
differences were statistically significant (p< .05) except
for support reading strategies.

Each individual thirty item in the questionnaire was
investigated for the differences in means between the
two groups. Table 7 shows eight items with a high
which

significantly more frequent use by the intervention group

absolute value of f-statistics, indicated

than the control group. Specifically, two items (#1 & #9)
showed a great significant difference in the means of the
frequency in reported strategy use (p<.01).

Table 6 Descriptive statistics for the reading strategy

questionnaire
Group Mean SD |t statistic| ~ Significance
Int 3.02 0.47
Overall 30 items 1.766 p<.05
Ctrl 2.74 0.66
- Int 2.99 0.54
Global 'readmg 1822 p<.05
strategies Cul 2.68 0.69
ol Int 3.15 0.66
Problcnjn solving L738 p<.05
strategies Cul 28 0.81
Support reading Int 2.94 0.44 2o
strategies Cul 2.77 0.69

Table 7 Strategies showed a significant difference in use

between two groups

Py Signifi-
(sill(;:z:le) Reading Strategy Group  Mean SD |t statistic| clflr-}lc’ﬁe
#1 Int 3.12 1.05

I have a purpose in mind when I read. 2545 p<.01
(GLOB) Ctrl 243 0.92
#9 Int 3.62 111

1 try to refocus when I lose concentration. 2414 p<.01
(PROB) Ctrl 293 0.96
#10 T underline or circle information in the text to Int 3.85 117 2248 p<.05
(supy  help me remember it cl 303 145
#11 T adjust my reading speed according to what Int 3.38 1.39 2137 <05

N . p<.

(PROB) | amreading. Ctrl 2.60 131
#17 I use context clues to help me better Int 335 1.00 1.857 <05
(GLOB) understand what T am reading, cul 277 126 : P
#3 1 think about what I already know to help me Int 3.27 1.06 1744 <05
(GLOB) understand what I read. cul 277 1.05 : P
#12 ‘When reading, I decide what to read closely Int 35 1.28 1692 p<.05
(GLOB) @and what to ignore. cul 293 18

#25 ‘When text becomes difficult, I re-read it to Int 3.77 0.97

. . 1.677 <.05
(PROB)  Increase my understanding. Curl 3.30 1.07 r

4.3 Correlations between the Strategy Use and the
Performance on the Post-Test

Correlation coefficients were calculated in order to
the

self-reported strategy use and reading test performance.

investigate degree of association between
Table 8 and 9 demonstrate remarkable differences
between the two groups, in which one star * attached
indicates p < .05 and two stars ** indicate p < .01. Table
8 shows that intervention group reported significantly
higher frequency in overall use of the strategies than the
control group. Table 9 indicates that different reading
strategy items marked a significant correlation between
the two groups. The post-test scores of the intervention

group showed a significant positive correlation with the



use of seven items (#4, #8, #11, #12, #25 & #30) and a
significant negative correlation with one item (#6). Of
these items, #8, #11 and #30 indicated a great statistical
significance at p <.01. In contrast, the post-test scores of
the control group correlated with a different item (#28).

Table 8 Correlations between post-test scores and the

frequency in use of strategies

Group N All GLOB  PROB SUP
Int 26 0.35% 0.26 0.33 0.34%
Ctrl 30 0.14 0.14 0.05 0.18

Table 9 Significant correlations between post-test scores
and frequency in use of individual strategy items

Group #4 #6 #8 #11 #12 #25 #28 #30
Int 0.44* -0.41* 0.52%* 0.55%*  0.41* 0.38* 0.16 0.48%*
Ctrl 0.11 -0.22 0.10 -0.02 0.25 -0.13 0.36* 0.03

The degree of association between score gains and
self-reported reading strategy use was further examined.
Table 10 indicates that the same but fewer items showed
a significant positive correlation with score gains of the
intervention group (#4, #6, #11, #12 & #30) with #11
showed a great statistical significance at p < .01. With
regard to the control group, a different item (#1) was
revealed to have a significant negative correlation with

score gains.

Table 10 Correlations between score gains and the

frequency of strategy use

Group All GLOB PROB SUP #1 #4 #6 #11 #12 #30

Int 021 0.14 021 024 013 0.38*% -036% 0.48%* 0.44* 0.34*

Ctl  -0.09 -0.13 -0.09 0.00 -0.39*% 0.03 -020 -0.18 -0.03 -0.03

5. Discussion

In this section, the results are discussed with the
interpretation of the qualitative data. The three research
questions are answered with the analysis of the
transcribed data from the follow-up interviews as well as
the meaning of reading strategy items that showed a
statistical significance. The interview extracts are an
English translation from the original Japanese, which are
accompanied by the interviewee’s pre- and post-test

scores indicated in parentheses.

5.1 Research Question 1
The first research question asked whether instruction
of RAs

performance. The quantitative analysis of the pre- and

on rhetorical features improved reading
post-test indicated a positive impact, however, there was
the

improvement between the two groups (Table 5). This

no statistically significant differences in
generally supported the literature that reported the
effectiveness of text structure instruction in L1 and L2
contexts **12°] but not at a significant level.

The follow-up interviews implied the effectiveness of
the instruction. One student in the intervention group
demonstrated his own strategy to make sense of the RA

as a meaningful text:

First, I read the title and subtitles. Next, I overviewed
the whole text, pictures and images. Then I started to
read. (Int3: Pre 3/Post 12)

In contrast, a student in the control group revealed his
tactics mainly to hunt for answers to the comprehension

questions regardless of the whole meaning of the text:

I didn’t even read the title. After reading the questions,
I tried to identify the parts where I could find the
answers. I focused on conjunctions, such as “however”,
in order to figure out the context and to tell where the
important part was. (Ctrl4: Pre 5/Post 5)

The genre-specific instruction could have raised
learners’ awareness of the text structure of RAs, which
possibly helped them capture the organisation of the text

and read in a meaningful way.

5.2 Research Question 2

With regard to the second research question, the
results revealed significantly more frequent use of global
and problem-solving strategies by the intervention group
(Table 6). This

[8H20] " \which could suggest that the intervention

also echoed with the previous
studies
group gained a certain level of confidence when reading
RAs?.

Strategy items #1 and #9 that showed a great statistical
significance (Table 7) implied a positive influence of the
instruction. The strategy #1 refers to purposeful reading
and #9 involves efforts to keep concentration, both of
which would require a specific reading goal. The
instruction enhance

genre-specific could possibly
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learners’ awareness and sensitivity when they read
RAs.

These were illustrated in the follow-up interviews. A
student in the intervention group shared his strategies to
read the text purposefully that enabled him to decide
where to read closely:

I read the title and then moved on to the Introduction,
because I knew the Introduction contained key
information for the whole text. I paid less attention to
the Description section as its contents are often too
much in detail. (Int16: Pre 6/Post 18)

Students in the control group seem to have struggled
from developing own reading strategies. Without explicit
explanation of the genre-specific text structure, they

relied on the comprehension questions as a clue:

I started to read the text without reading the title,
because I knew the pattern of the questions. I referred
to the text to identify information that was asked in the
questions. I found that there are important contents at
the beginning and the last parts of the text. (Ctrl11: Pre
0/Post 11)

These suggested that the students’ enhanced awareness
of the rhetorical organization of RAs could help them
read RAs with confidence.

5.3 Research Question 3

The results from the correlation analysis revealed that
the students who obtained a high score on the post-test
read the text strategically drawing on the rhetorical
knowledge gained through the instruction (Table 8).
These students overviewed the text (#4 & #8) and
decided where to read closely (#11, #12 & #25) (Table 9
& 10).

A positive correlation with the strategy #30 indicated
that such students thought about the meaning of the text.
This would be related to a negative correlation with #6
which refers to the behaviour that consciously considers
whether the text fits the purpose of reading. This implied
that they read the RA not exclusively for transferring
information from the text to the answer sheet but for
understanding the meaning to a certain extent.

In contrast, the control group showed a positive
correlation with #28, taking a guess of the meaning of

words or phrases. This could imply that high scorers in

the control group tended to focus on detailed elements
rather than the overall meaning of the text.

The interview with a student in the intervention group
raised an important issue about the effectiveness of the
genre-specific instruction as well as the reading practice
using RAs. His post-test score fell remarkably from 14 to
7. In the interview, he repeatedly self-evaluated his L2
proficiency as very low and mentioned his struggles

throughout the reading process:

I read the title and overviewed the structure of the text
to see if this RA was structured in the same way as
. I think T could
roughly tell the context flow of the text using

what we were taught in class.

conjunctions as a clue, but I was not sure if I was on
the right track. I used a dictionary only once or twice as
I knew using a dictionary didn’t help me anyway.
There were so many unknown words. From the
beginning, I don’t deserve to read this type of texts.
(Intl: Pre 14/Post 7)

The results indicated that the genre-specific instruction
could successfully enhance the students’ strategic
reading. However, the instruction would have little
impact on those who perceived their L2 proficiency as

very low, which was suggested in the literature!®).
6. Conclusion

This paper has explored the use of RAs in an ESP
course with an investigation into the effectiveness of
instruction on  learners’ reading
The

awareness of the rhetorical features of RAs could give

genre-specific
performance. findings emphasised that raised
learners confidence in reading the texts in a meaningful
way. This would possibly help enhance their reading
performance. Nevertheless, attention should be paid to
learners who have not obtained a certain level of L2
proficiency. A lack of L2 knowledge could hinder the
effectiveness of the use of RAs as a classroom reading
material.

There are several limitations of this study. First, the
sample size is small as this study was conducted in a real
the

questionnaire would have been insufficient to address the

classroom setting. Next, one-shot self-report
actual use of reading strategies. Finally, the standardised
assessment style of pre- and post- reading tests might

have been inadequate to measure the students’ reading



performance, in that the texts could be read for
assessment not for academic reading purposes. Thus,
these issues need to be addressed by future research.
Notwithstanding, there are two pedagogical
implications drawn from this study. Firstly, RAs could be
used as an effective reading material in university ESP
classrooms. The texts did pose a challenge for the
tended to

uninterested attitudes towards English language learning.

students who show unmotivated or
However, they were capable enough to handle the
reading tasks.

Secondly, supplemental activities would be preferable
in order to address weak readers’ struggles. Activities
such as vocabulary preview and review could enhance
their knowledge of subject specific terms as well as
general academic vocabulary. Hopefully, engineering
students will have a positive perception towards
academic reading and spend more time reading
subject-related professional texts so as to expand their

engineering expertise.
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