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Analysis of Review Quality by Using Gaze Data During Document Review
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Abstract In software development, it is important to ensure the quality of specification and design docu-
ment in upstream process. And there are many review methods. Although defect detection rate and
review rate are used for the quantitative evaluation of review quality, the review quality can’t be accu-
rately evaluated only with those indices.

Recently, researches on how to read documents using gaze data have been actively conducted. There-
fore, in this paper, we paid attention to reviewer’s gaze data during document review, conducted
experiments simulating the requirement definition document review and evaluated the review quality by
using gaze data.

As a result, we found that two feature values of “the proportion of the number of blinks” and “the pro-
portion of time spent blinking” are important for review quality and the blinks of the reviewer with high
review quality is in a state fewer/more from normal time. In the case that the blinks fewer than the nor-
mal time occur, the improvement of review quality was confirmed in proportion to the review time. On the
other hand, in the case that the blinks more than the normal time occur, it can’t classify the review qual-

ity, which is a future research question.
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(A) “FEREORA (201L-9010) o¥f, 15O E o (BHEH) 3820 HTH Y,

1 [l & OWERE (B HIRER) 1359 100 - 130ms T % 7.
(B) W EnAREHATHENT LR PCEZY ZRTWAR, BHEBIZ®S ™.
(C) MOEPOBRIRERL A b L ADD 0o 7 RETIE, BRH BRI 2 2"
ZIZT, AETIIROMBEEZEZ S ¢
YHLVE2—HOLE2—TORE EGEOMIZIZED X ) LHENDH L D0 ?
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L7z, FHICEBIETOREICENZ K2 BERMICEEETVWE720, RE1EL v E L
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T2, 74 Y POBONHEART SITPEE LG AL I EPWE SN TVE 0", LE -3
LYLEORLDT &+ ¥ & MS WEIIHE— L 7.

BHEF 1IN LT, LoV 2 -0 R ELE=Y RIZRRL, LE2—ROHMRE
TAMNIZ v ATEUMLZ, 74 M7y B 3HEREREZEINT2H5HO TN, ATH Y, KFEER
Tl gazepoint 1.0 GP3 HD Eye Tracker # i\ 7z (K1), #EE 12X, =% LoZfE
FHELLEa—%, MOEMFERFICN L TEHITREEFICTHRESIC LI ICHRLZ. T
eI E DS, BRIICEAZZRIGERS & —R LA RMERBTEL 5. 2B
BRI E S, LY 2 —oRMPLERICHIBRIEER T 2o 7285, WEOKEZHRT 572
DIZHR DTN S VL I IHER L.
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L a—fBR/ L2 —ROEPE/ LY 2 — R CHENOBRE) ZHUS L7z #%RE 194
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2.2 SEFEFE

TA NI A EHCTLE 2 —ROBBIEREZIHL, LY 22— R LEOH T L I
ZEBT L. BEEHRASENTE 2 EMEIISEHD 2705, WEHEMHBOLZWIFHEDLH 5.
ZIT, £F, MBECEELRLEILCC2EMEEAINT S 2.2 1), 2ok, Bl
PO 2 o TR 21TV, BRI 27V (DR, SWEEHIE T V) 2T S
(2.2.23H).

B, FFBE oMM R R E 7OV ORI LR AT I, RS (R version 34.1)"
ToiT» 7.

2.2.1 HBEOHK

TA N7y A THIRTE 2ROMOORARNEHRA IS, FHA7T BOREEEZRHTT 5.
@ [ (fixation) : 1 AT ZFHE L TR A HMOET D
@ BkBE (saccade) : BB OFEF VWHOB & (BUEARE) L 72852320 5)
® WBEH (blink) : Bk X OH M
@ KEfLE (pupil) @ BEILOKE S (BEIRRBLA D B BICEILARE S & D)

AT R OFFHE O W, Bixler 5 ORFFE™ T # S 117z 46 M8 O R & ARFJE T L 72
[BrHRBBOEEG] ThHhbH HILIZLE 2 —KRHPRL 5720, BREBEIZL E 2 —RHIIZ
LB ESTL, 2T, ARTIHL Y 2 —BIIC L 28285 HgT 2 -0 E L
Yoo — I THE -7z ThEBRO#EG] 28l 7.

YEREO PR EE & MR B & JR A L2209 CUd, ARE OB AT L B L A2, 2
NERBRIZ, A7 HORBERON, HEORMEISWEIEET S L& 272, €T, Ran-
dom forest (PAB%, RF)"ICX BEEWMEB TNV TY X2 %o T, SMEISEEE KT MR
ZH L7z, RF B EEOERE S FMRFICHEM T 20T, BEREORWIFEE T ME~ND
HEILRWE LTHIBRTE 3.

2.2.2 SMEFHMEETIV

T U 7R 2 -G, anBEHIBE 7TV 2O 7V ) XA THESET 5. AR CTHRA
L727 V3 X A1%, RF, Decision tree (BLF%, DT), k-nearest neighbor (LLFE, kNN),
B X U Weighted support vector machine (BLFE, WSVM)""CTdh 5. 2, WSVM 0413,
T—F OEBMPFIZED, WEINENAL B0 ADGA DA — 555612 b @) kIS 25T &
5.

BTNTY) XL LD LY 2 —Ff- i€ 7V OO RIIL AR 24TV, IEHE
(Accuracy), THBI= (Recall) 2% LTRSS, EMRIETFHLME L EBEOMEE D
—HHETHY), BFHFIHEPECAZIEE LS, EOAZELL FHUTELHATH .
zhzh(1), QW TENRT 2.

TP+ TN

Accuracy = o))
TP+ FP+ TN + FN
Recall = — 1L @)
TP+ FN

ZZT, TP, TN, FP, FN 3 1 ITRTIREGITIOKELZTH 5.
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ARETIE, BIEIORLAFECL YV EONERERERT. £7, SHT2EHRT—412
OWTHT S (B 1H). 20, TR VIS 2 5EEoMmBRREZRL (3.2 ),
mn BN E 7OV OB RERE R AR T (B3 i), B, REFIEIC X BMEHEN L, Intel/Core i7
920 ® CPU 245 L7=7 A2 b v 7 PC Tiro7-.

3.1 fEFRAYTHERT—4

BT 2T — 7 1%, 21 i CRRZZHETIEL. 216 HoKRE D 11 HOFER
F=F 05 19 HOERED KGR ZEOMINTE 7202, KRR L EhEREL Ea—&
BoOBEREN 4 OEKIRT. ZOMBEPSROFENHERTE S :

® ZFEHRHBLUE 2RI THE0, KMEMINTE 2 ADHFET 5.

® U, BEIIZ VO KIEMIETE WAL L .

TR ERE L ¥ 2 —RERA % WAL high 7V — 7 & PR L7228 MLEOFHED S ARIFED
FEBT— 7 TlE, LY 2 —@BEEREICEER LTV RN & 2R L 72,

PIRE, KEaHHEAST (> 0) LT o8BS %2 HE MK low 7V — 7, MBS T X
DREWT V=% high 7 V=735, KIFETE T=1 2 3O3r—A%H. K
ADOLERIEIT = 1 OBETH 5.
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4 XEFEBCEDEAERELE L1 —RBROAR (&) & T=10%BEIN (A)

3.2 FBEOHE

AT O EICOWT, RF 2 3MFET L TR ONZZEEE L4 M2 K 21279, RF O
RIEEERIH 6 70 (1 MR HIZH 2 8) THho 7.
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Tholz. LehoT, BEOOREEIMEISEEZ A LERLFMETHLEE R
22T, [BHKE (M%) ofla] Lid, BRERRE (0 2L —RKHETEH-72ETH 5.

x2 RFICEVUBSNAEFHEREDEM 41HE (RF OFEITIE 3HE)

MEAZ T = 1) fodid (EHRE) T = 2) Fefi (HER) T = 3) Fefi (EERE)
1 BHIEROHE (12.31) % H W 0 16 (9.49) % H R o &145 (6.84)

2 BHRBEOHE (10.77) BRFR O FEReRE I O3 (6.24) BRI DR ] O TELE (4.90)
3 BB RHRE 07 (5.87) % H 5 > El4 (6.24) BRI 0> [ %% (4.33)

4 BRIEORHRE I OBEEA (542) BREOMEORE (5.18) It H B &4 (4.27)

3.3 MEMEET IV
[BEHEEMOHE | & TRHBEROHEG] O O 0#MEICIEINT, WEHME 7 2/
L, BHTZ27VIT) AL LOWREFHMMI L. BOoNTREEERIITRT. K3INHK
®$%#%Ef§é
° =1L T =204, 5 SWE AT 7OV D IE RN R D .
° T=3@%ﬁ kNN (2 H&m%rwwmﬁfﬁﬁémw
L] T@@MKOﬂT,Tw:UXA CEOTIEMRIITNS
° T=1kT=3®mmkbw®T—&ﬁiLhL,WWMM%@T»jUfAuEﬁ
KOVERE G A AR 8 LT 525, WSVM @ high & low (2%F§ % FEIER O M RE 13/
=
BB, EF VLD ER X RF/DT/KNN/WSVM O ZFhZhizxt L, 6 1#/38/28/3
WThot.

%3 FIDdUVILZEDORGTHEET VDR

EFIVREET VT X 4

T FHiiiEE HE T2

RF DT kNN WSVM
high 131 84.3% 90.9% 89.8% 86.3%

Recall
1 low 74 75.1% 77.3% 754% 80.3%
Accuracy all 205 79.6% 84.0% 824% 83.1%
high 99 731% 78.2% 71.8% 73.7%

Recall
2 low 106 65.7% 63.9% 66.3% 62.5%
Accuracy all 205 69.3% 71.0% 69.0% 68.0%
high 66 37.3% 434% 43.0% 56.1%

Recall
3 low 139 73.8% 76.5% 78.9% 58.5%
Accuracy all 205 55.1% 59.5% 60.5% 57.1%

DEo#iRefes e, ATHONEEDH L, [BRERMOEHE] & [BHEBOH G ]
ET =1 2 3XHLT WICEMVOEEEZEZRL FRIC, BHFEIEICLIM), BE_O0Ok
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MEICX > THEELZBETMET VoM T oM ONTER T LAZDOD, T=1D
WAL 84% DAEETHIH T & 72,

4. E B

AETIE, WHETEHLZ [REEHOES] & [BREHNEOEE] OZODRHEIIH L
T, SORBERBHKRIIIDZOHEMEZRL 4 1H), BETLERT—5 2R LEDPH
NELVE 2 —0ORmEICHD L EH O Z#ERT 2 (4.2 Hi& 4.34i).

4.1 ZOOHBEOEMM
T =104, KA TEH L2008 E [HRERMOEA] & [REBKOFEG] &
BREO L2/ THY, T THELAZMEHEETVIE, TLIY ZAZL>THEYD
HREDNT Y XD o728, Bufga/_RL7z (B.3H). £IT, U2 Ofa THESE
L72EBETVORMEZ RS 572012, 47 B8O Fesa THESE L2 MERHNE 7V ofs R %
FKAIRT. ZOEEDPLROFENHATE S :
® 2 HOFFEEIC L ZEHMEET VOME (£3) LHKLT, RFUNADTIVITY XLTIE
PR L < AL 7.
® RF TIIXHHAROMWEREIXM L7225, IERRSFEEEICHE L 7.
D bkofiginrs, il L7z 2 MofE AWM /R 72 L 550 o 7z, EEHEE 7L
i, MEICEBEREREZFHET, SR E THEITRETHL I LERBL TS

*£4 THEOCLFBECLIRETEETIVOME (T =105E)

) ETNVREET VT X 4
FHtifERE HH T K

RF DT kNN WSVM
high 131 88.1% 81.5% 74.9% 54.0%
Recall
low 74 61.5% 76.0% 54.1% 61.4%
Accuracy all 205 74.6% 78.7% 64.6 % 574%

4.2 ZODHEHE L REDOBER
1 #E Tl AR72 (B) RPEAFIFZE ICHE 2 1E, HEREL LFEEHA TV LR, BRHIZFERELD
bMDLEZEZONS. (A)ICKD), RIFETEHT2HEE [RERHOHEE] (T2 VE
KOMHEIZMLTTE52A6Nh5 :
TRRAE : B. = 0.033 (= 0.10T[s/I8] x 20/60 [[al/s])
FRRAE - By = 0043 (= 0.13 [s/Iu1] x 20/60 [[a]/s])
ZZT, EBTHEONS [RHMoOES] & ThRHEROEE ] OGN E 2z HHchl
SALL - E DB E 5 IR T. COREDPSROFENIERTE S ¢
L BEHEEOHEG L EENEOEEGE, HrIKE IR BIo0 (ot RiZmr-T) N
TIEPREL D,
2. low ZV—71%, T =10¥H, FEROBREZOIRE (=B, & By o) ITfEE L2,
T OB ONTEIIIE A>T b



38 (290)

3. T=1 2 3O0FTXTHEAIIBWT, high 7V — FILFHEBEOR X OREIZIZEEET,
BL UL T & By Ll 2 FHIRICAELE L 72,

1 ] T 1 1 '.
o v e 5 S
" o -.‘, " . X R I ™ et
LA v e A
g, : $ .. £, £, : 4’.".-'..'
g @ o el
o i .f |: g m “‘i ffé:"
ﬁ?."*.' : g A fow
P i il ® high
o - T — - .
CEC T RESMEOTIS
T T 1
o L |
1 1
1 1 I
1 1 1
] 1
R 1
[ I
1
l . Wlowsn—7
i .
o Lo highZ L—7
B, By B, By B, By
T=10i&E T=20i54 T=3DiEE

X5 BREREOEEEBRARKOESOMAR (LK) &ZOMRR (TR)

1OHEEICHLT, [BRARMOEEG] 20T ThRERKOEE] 2z 72 2 Mok
BEHAVLZLOAMELZTIRTHLDTH 5.

SOHFHFEICHELT, high 7 V=7 BL U FICHFAELZE W) fEFIE, 1 BETHRR72HEB)
R DFERICEHT A, —J, high Z V=72 By BLEICHHERHE L2 & v ) R,
BERFZE COMEIZ VA, (OICEERT 5.

2L3DFELELT, T =10FHREEELERDD . T OMINI>1T, low (high)
TN—=TO5MEIKR ) $56—HThHY, T=1THoNlow DFEE Thbb,
OB E DIREEL low Z IV — T Tholzb ) FgEid, T=2 3TLHRVETH. Tz,
PEHESTH 5 high 7V —=FIZ20W T, low LD LN T 5. $4bb, T=1T
SPHEEOEE X OIREI low Z NV —T"TH 5 D725, high 7V —TIEPFHIFO X OIRRET
BWHEHIPIIC L2FTEL 2. LA Lad S, T o#IincoNThigh 7 Vv—7& low Z)V—7
DRIEFHHAIE R, —ODF7 NV —T %@ HT LI EPELL 2D L) MEPH L.
OMBEIZ XY, 3.3HOMEFMET VT T OB ONTHEIHILLTLE > 7.

KHEITIE, By LT ® high 7V —7k low 27— 7% 5584 5 Jk 2 md.

4.3 [BREBEOEIES] ELE2-BEICL2REDHE

[BEHIEHOEE] & TRERZOEE ] o> I3, Fheholk& Rz L
Va—BH () THloThY), M5l L Ya—ick hE OZLIEMETE 2w,
high 7V — ZI3FERLCEZ GO, L2 —BHFEL 22 BESINE. 22T,
19%OWEHE L [HHBHOEE] & L2 —BHOBRZRKG6 7R, Mo,
LE2—WRCTTF2ORIEE L, T =304 L LChigh & low 208 L7z, ZOHEND
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420K 5 L FABOHENSHERTE B0, HirzeHEE LTRUTOESHRTE 5.
o [WHIEHOEA] 5B, LT OBERH XL ¥ 2 — < high & low 12570 5.
o [HHIMOEAE] By M EAD LY 2 - (184U TF) #Bk#H 1, high &
low OGFIZ L B THAEL o 72,
D IoHEENPL, L2 —RH2ZE L ChmELZSHETEZ01L, [REKRHOREG] 25B,
UTOHBEZZTTHY, By L hLoE s 0T s L) MERRRTETEHT, 4%
DIFERETH 5.

1 1
19 e @ -
18 4 odMi 1 .
E [
B 15 :
g 1] ;
¥ 12
| 11 o
g 31
— -
g 77
g [
0w 5 4
& 4 4
® 37 W lowZ n—7
- I =
L " 1 h'_lghyﬂ/—f
B' T B T T T
0.00 002 - 004 Y 006 0.08 0.10 0.12
BN ES

6 HEECLOBREREOEENHEVITR (T =3 Di5SE)

BRI, THRHFMOSEEG] L L2 —ICHET 2ERT— 7 OGN R% R 5 1TRT.

CDFERDPOROFENTERTE S

o [X6o [HHEM®E A 23B, LT T high 7V — 7% /3§ #E5¥ No. 15 & No. 18 I3,
LEa—BlA R (27458 3440) I MbST, LY L—RiGK (Moo 3H) Lk
T (k#EO 3H) CHRHRHOEGOMEM D E ) ZILL T,

® [ifkiZ, T=3T [BERMOEE] 2°By Lo high 7V —7O#ERZED, LE2—
BHaGIR & & TR Clik H IR O FIG OMED S £ ) 2L L Tz,

® il LY a—BlRIEE TR CREHFR OBIEOMATKE CEML L B TREOHAK
XL o72) DIENo. 14 & No. 17 THhBH. ThHidT =1 27TiFhigh ZVv—7I12, T
=3 Tl low 7NV —TIHHI NI ETH 5.

PLEDOFEENS, ROZEDPHEEEINDL 1 LY 2 —BERSEW NI HBEIIZE B LT
FRNATY, D BEE ORI 28T HRI G s 2R E R 5h b, Lal,
T =3® high 7V —7OHERF IV ¥ 2 — IR LK THRO [BEHEBOHIS ] 12235
N9, LE2—BPIIRT = UV APEDL DL L RER SN oTz. FO LX) %2 L0%%E
RENZzDE, (T =2 Tldhigh 7 V—77572%) T =3 Thigh 7 V=TI hbhho7z
BBz CTH o7z, ©2F D, EHIZhigh 7 V—7OWBRED [BEEEOEG] 1, EyehEh
DOETFICELAENT, LE2—h3—EThrEEZLND.
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x5 LEai—BEELE1—BR/ RTROBEREOIE

—_— Lo B H B ] ol 45
No ) MOO3H Rtgosdx TSIl T=2 T=3
OFIEE OFIGE
1 6 0.018 0.020 low low low
2 7 0.021 0.001 high low low
3 9 0.036 0.038 low low low
4 12 0.019 0.020 low low low
5 12 0.007 0.006 high high low
6 14 0.014 0.010 low low low
7 18 0.022 0.027 low low low
8 19 0.074 0.060 high high high
9 20 0.058 0.061 high low low
10 20 0.028 0.021 low low low
11 21 0.054 0.051 high low low
12 22 0.067 0.064 high high high
13 22 0.038 0.046 low low low
14 26 0.054 0.095 high high low
15 27 0.005 0.008 high high high
16 30 0.064 0.065 high high high
17 33 0.054 0.067 high high low
18 34 0.008 0.005 high high high
19 40 0.085 0.070 high high high
4.4 HIREIR

AWETHH L7274 +7 v h 0 H/W Lol s, OFEBRCTHAL-20ekEE, &8
WL BITHZIROICEEE L. %nuﬂfi,@%ﬁm%%@l%im&bfiamﬁ_b
TWAHI LA, @OMUFELEIZPCE Y LICHFR L THAEHRZIE LTV

DIZoV T, BHEOTHOLHETHARMNEDREFEIIHEHITELLEZTVDEA, @L
D FMZ M L7258 OB oW T, SHROMIETHRIET 5

5. #5

YHEL Y 2 —FHOBMEHIERICIEOWT, WEHOBEWL 2 —TI2idED X ) M dH
LONEGH LIz, ZORE, 74 5y DL AFHITHRETE 2O 0EH (/B
bt H /L) OW, BHPEETH LI EWGho7z. £2T, AFETIE, i, Zo0
T TRHEHOHS] & TRERROES] (ZEH L TmERHMIET VEEEL, Hike
FHMiL72E A, T =1 OBEIIEEHBEORKRIE L NIZA, T OB O THEIZHL
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L7z, 72, EEEORE [RARROESAE] L L2 —RHOMRE T LZE S, KD
T S A

® LUa—T7OREPDEFEROYE, LEa—Tdlow ZV—TI&EL7-.

® high 7 V—7olxix, “FERL )LD VEELWEDLRD - 7.

® high /7 V—7OBEPERLID BV LWEE, LEa—kKHEEr- 7.
2, 2% H® “high 7 V=70l &3, PHEL D BEVESH o727 L) kiR, B
DRIEMIZETIIRENTESL T, RIROEELRRTHLEEXS.

6. & H U I

ARTIEHE L C 2 —BoBMERE HWT, WEFHMEE 7V 2/ L7z SRR,
BEEAEETHY, BEOENICI)MEZHHTEZ. WODPOHIRFHIZH 2 H DD,
LU 2 —ROHBEREZHWT, BILOMELFMITE2ETVEMETE /I LITAHLET
b5,
LHOMIROELZIZROME) TH 5D, T OBINPED SEEHEE 7V o MERES Lo FEO i
P, ThRHBHOEE] 2By U Eodgsa, Zoof#E s L ¥ 2 —KH T high & low
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