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Improving Automatic Enterprise Evaluation System WISDOM-DX
using QA System based on Web Information
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Abstract:

In recent years, analysis and evaluation through various surveys, such as questionnaires, have been conducted in order to promote
digital transformation (DX). It is important to reduce the cost of questionnaire designers, questionnaire respondents, and experts
who analyze and evaluate the questionnaires in large-scale surveys. We developed WISDOM-DX, a system that automatically
analyzes and evaluates an organization’s DX initiatives instead of questionnaires using a question-and-answer (QA) system filled
from Web information. By modeling the evaluation items of experts in the form of six question types (When, Who, Where, What,
Why, How) , WISDOM-DX evaluates responses of the QA system for the six question types, by using eight score functions based
on response volume, similarity to DX good practices, and confidence level. When the system was evaluated with 464 companies
that replied to the DX Brand 2021 questionnaires by comparing the 48 companies selected by DX experts, the eight score functions
all provided AUPR values between 0.503 and 0.543. When AUPR was 0.543, the precision was 56.3% for the 48 companies.
However, there was no guarantee that a particular score function would always have the highest accuracy, and it was necessary to
uniquely combine eight score functions with high accuracy. This paper proposes a multi-query score ensemble method, which
makes it possible to combine the eight score functions using the past selection results as training data. The method can appropriately
learn coupling coefficients regarding response volume, similarity to DX good practices, and confidence level. At the result of
testing on the 48 companies selected for DX Brand 2021, we confirmed that the AUPR was 0.541 and the precision was 56.3%,
which was equivalent to the highest accuracy of the eight score functions. The results show the method could combine multiple
evaluation scores with high accuracy based on past evaluation results, even when the criteria for combining multiple scores are not
obvious. The method improved the applicability of WISDOM-DX to future DX activities and evaluations on other topics.
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EATOITWSH[17]. 2D & 5 2 B O FHE A DR
IS T 2728, FFlc~yy FLERERED A 2
TEEET A EHETD.

4. TNFHOIYRAFTFIoYITNIZELEH
B

41 INFIOIYT YT LORE
REBLZRFAEIC BN T, FHBEEIXBME CTH > TH &
IS 2 E N2 EIERT 2 xR TR <, BEROHhE
FETOFERLT W ADLENLEICRDZ EnE . (45
Wi mE), TELE], MEEE] onwTnrER S50
I TR, 8 DORaTHEE® YL, WK LM
RN RWVNIHBATIE 2D o7z,
42 IWFHLTVRAFTTFIHUITNL
WEOBEKREZET -2 L LT EfiFERE) T
BLEE ] MEMEE I N ENL BVERSNTWENEHEL,
8§ DOAATHBD AT A LIZAaT iE TS5~
NF I 2a7 7 o7 (MQSE) 2#ET 5.
MQSE Tid, 6 fJEOEM ¥ A 7 & § FHD 2 27 BI%Kk
BRI THRATS L E L. UTOFIEICE -
TREAREOHETE 21T .
Step 1: FEFED 6 FEOEMFZ A 7T L TH LN
DX % D, 75, AifiD 8 D X 27 A& AV TR
a7 ERDD.
Step 2: Step | TR®D bIL/- DX fHEDO A a7 %, [ UERM
BATDOITN—TIZHFTY—hL, BRZA T LA
ELAENOFEREDIEN. rank(Scoreg(D,)) %R 5.
Step3: TNZENDERZ A 7, ZaT7BEEkoOMAET LI
KROTAEDNERA G, 2E/MZ A 71542 DX Fi#E D
IZXT DA AT Scoreg,s HIRNTRDS.

Cst
Scoregns(D) = Z _
& rank(Scoreg(D,))

ZIZT, {s} X8 Emoxa T, {t) 1L 6 MOEMZ A
7, rank(Scores(D,)) \ZEM % A4 7 t (B9 % DX fi
WA 7B s ZEHLTHELNDLEBEO AT NEDIA
fr, 6 HEREAREERT.

Stepd: FEEAIREIL, WAD XL H I, ToF T OFFMRE
AUPR # HRA%k & LT a i KILT 5% AV 5.

Csr = argmax AUPR(Scoreg,5(D), Verye)

Cst



T AL e
IPSJ SIG Technical Report

Z ZC, AUPR (Area Under the Precision-Recall Curve) |4,
Fl¥ D2 a7 B Score s (D) ([ZLDT % THEREL,
FET =X PO ZEGEOEM T VY &AW THID
1% Precision-Recall i FTOMmEZFHA LD THS.
— BT, HEIAT LORELHBERTINL—NFT O
BEfRIZ & B 728, Precision-Recall BHERIZA T30 O fh#R %
#i<. AUPR BEWVIEE VAT AOTREENEH N & %
Y. AUPR 2 KILT D720 0EE T —2 & LTiE, #i
ZITHE VAR — NETENL DX IEEIZ1T 5 L HIE I

(Efrizo v 7 and) BEEZER, %5 ThWE¥EELA
FlELThHZ5.

£z, G ORI, 7V y Fy—F2HEHT 5. £
DOHEREZMZ D201, AaT7BEE{s}EER% 1 7t}
B EAZBICED RN D, BRI RELE1T 5. BAR
BIZITR DM LR O F CREOBfRes, = agfy &I
EL, =1, \x L CREREMIC R E Y BLv

2P xkwz.

« E(l—l)
—~) _ sPt
@, = argmax AUPR E _—,
s gas 5 t}rank(Scores(Dt)) Yerue

()
5 as Bt
= argmax AUPR Z—,
2 gﬁt <{S 4 rank(Scoreg(D,)) ytrue>

&0 r BY B A S T BRI RK THE SN B,

PO
a
Scoreens(l)(D) = Z s B

&2 rank(Scoreg(D,))

220, B AR T L AT A— 2 L LT

4.3 {EREEMIIL—ILD MQSE ~DXh5
fEBIEEAfGE L — L1, MQSE TIdEa% o 2 a7 oM@
WxF L CREEZ#E AT 5. BERIaigi ot X ok

o @@ r BY omEicHVLRIHER T

(1)

asﬁt
Z{S't} rank(Scores(Dy))’ Z{S't}

[/l\(l)ﬁ NI=P 2
o B I OK#E L%

rank(scores(Dp)’

DFA A AT Scores P(D) O 3 SHHIEMGE 2%,
ZIE, TrF T AR E R OEENETT L O &k
JFodor—1e LT, fiExdgonTng, £x2a7
& K B AL 1o & T A b cost(rseg) O K1 D L

L APEBOMET D, 2 A ME%Kcost(rseg)

Ttoral*‘COSf(Tseg)
WL Fo e PR ax M Z AW S.

COSt(rseg) = {a ' N(rSeg - nmax) (rseg > Tlmax)
0 (Tseg < Timax)
ZZT, NiZ464 THY, npgr L ald = A FREED /T A
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— X ThD. F—FEFBNTMLUT o RER, &5
WIEN N TN L9118, ZELHED TR 0E D
W2, BlZIE npee =3, a=05 & LTRETS.

5. FRfmsRER
5.1 EREBAE

REFILETHD MQSE Z7HIIT 5729, MQE IZ X2
WISDOM-DX O FFAh & [FAE D FEER[8]1 & 1T 5 . FHEBRT — Z 1%
DX $8H 2021 BEDOFEIC= > b U LA 464 11 (33 2
FE) Zxfgel L7z, ZOFE T DX IEENES 72 DX 4
MR L LT DX #8128 f1) & DX EHAEZXE (20 1) o
AR AS DM ERIC K> GRESNZ. 2048 1% Lk
Nras e Ade L, Eff3EL Lz, ¥ 464 40U X b &
WISDOM-DX DA & L, IR THLIBET X7
O AL A8 tHIZTEMBEEN ENL DWEEN DI NEFAT-.
R T — 21, 2020 40> DX $84A, HEH A, B LY 2015-
2019 AEDOEDH D 1T $6iH & L TRE SN/ BEX BRI, £
NS oA E L. DX #EIHEM & LTiE, 2015
D 2020 FORFEATITO DX B L AR — MIFR#HE S
IBD O IT B 86iA, DX 41, DX MEHAEICBET 5
TXANT—ZEANWE., TR BN EERE O
ENENT DD AT D720 2 a7 ZET 5B
—/LEBMN L.

R—RZ 4L LT, Google 3R & MW\ =k F & g3
%, BAREYICIE, 464 HEICHOWT, R¥L L “FTUENL LT
VAT d—A—ar” D2 HODF—T— KD AND WK
% Google Custom Search THEAT L, MBEMHEHLDOKE WIEIZ
464 FLDO T X TEERL, ThEX—AT AL L LT,
SR EELL, EBIRDRNA L RT AT =R THDH e
BEERL, %07 B 48 #hokEE, B LV AUPR %
AT, LI, KB L3 BT 48t DR E 2R T,

52 FHERESR

RREF O MQSE OFEE T 56.3% (AT 48 £ 27 43
EfE) L7200, AUPR X 0541 Thotz., N—RF A D
FEEE 1 22.9% (AT 48 -1 11 HEASIEME) TH Y, AUPR I
0.181 Th oo, REFIE L —R T A O Precision-Recall
MHRZ K 2 IR, WIS REV AT LANRR—=X T A
Z EEDFER & 2o Tz,

£ 112, 6 DOEMEATL 8HOODARTHEOENZE
LD AUPR, BLWY, @ET—#06FE L8 >DA=
THEEZEIZ 6 DOERZATDOAT kA Lz MQE
@ AUPR, 8 DA T HD A a7 #fEA L= MQSE @
AUPR %Z7~7F. 5D AUPR X 0.303 75 0.434 ORIZ 7
->THEY, MQE ® AUPR % 0.503 75 0.543 Dfi], MQSE
@ AUPR 1 0.541 & 72> TW%. MQSE @ AUPR |35 &l
TEHARVPIZERIZFEOHE L 2o THEY, BET—FNbZ
NFENOZaT7Z2ENL bVWERL TRHEATREhE 5 F
KEBETETNDHLEE 2B,
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Figure 2 Precision-Recall Curve of the proposed method

6.5

6.1 DX $&4 2021 iBE D AE TOFM#HR S

DX #4#H 2021 BEOME TRE Iz 48 FHIZBT D
MQSE O H R % 545, MQSEDH LT %
7 AL 48 PEOKEENE 56.3% (27 N IEME) Thotz. K
EMEOJRIRNZ DWW ToMr L7=#E R, False Positive (A7 48
FEHR O RIEfRARSE) © 21 9 11 X, 1 REEAM T OB
IR RICHAVW SN TWD ROE RLBIRAXIAH ~DOEED
BIE72E, BEVATAVPHAL TWARNWT — & ICRER T
HZH0OTHY, HY 10 LB ECEICESTD — T ED
DX HEEFEE 21T > TWD 2 e oz, HMFICL D
EBEO DX LERFEORE TIE, 464 LR L 723K
HE OB L3 7Y ROE (HOBEARIZER) 2358 E
DHTEEENTNDD, SEIOERTE, HETHEH
WORE L AT LR EBEOBERICEREZEHE NTWD
=%, ZTNOLDFERITHAWVTICEEM L. —J7, False
Negative (EA7 48 fRICE N ipd o T2 Efif{E3E) @ 21 4
B3R, BRISE Y AT LAOISEEORRITREA Lz,
BT, 21 2 fhiE, BEE~ Y — X2 L35 LT 3 FER
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DEL B EETHY, EMFICXD5HEE N L%
B H A L) — I B ER A — DPMEER T L N -o Tz,
6.2 MQSE 0D 27 M8 M~ 0 E A tERE

BEVAT HIBWT, 6 DOERIZ A 7L 8 DDA
7B OZENZE N D AUPR i 0.303 705 0.434 ORI AR
LT3 (£ 1). Google BRI L 2X—AF 1 D AUPR
120181 THY, BMRE T AT LERAWVDIREV AT A
DFR, —BHRRBEZ PV EHNAT e —F L0 b,
FEORWT VX I EARTERLEEZAD. X, &
KTV NTHART, BRINE Y AT LDE3ED DX B
RO EREHINETE 22D EEZLND.

MQE % V72354 @ AUPR 1% 0.503 225 0.543 OISy
HLTEY (F 1), HORo78A0 AUPR DKl
0.434 L9 HEW. X5, MQSE @ AUPR 13 0.541 & 72 »
TWT, KEfE 0543 LIFER%OMTHD. BET—X
DDAk IR 2 E DV ER LM~ & %
FECTECNDESE XD, KBURFAEIZR WV TR M
TEDOFMIEEEZ P SWER L TEMT 500304
DOENEAET DN, TOESN MQSE 2L > ThR—&h
TWbEEXD.

HORGESIS BT OEWN EGRHK 3700 fha iz L
HETH, 77— PREBHAEEZED T, EROFHIGIC
H9 5 T DX SR 3D A BIICHEE T & 2 ATRe ki
WEEBZOND. 5%, T — MNREEITD) Z &7 < Web
A A TR S EEA 0 - & BT 57
OIZ, |BEVATLEZHZELTNL.

7. BbhYIC

®¥o DX EHEhE BB oM - T 53 2T A
WISDOM-DX OBAFEIZEWT, PLAMZ B\ THE~ 72 A
WIERATE 2 L9108, A R2BlArDORERHORIT
PHEAETHFIEELT, wAF o) Ra7r T o7
(MQSE) Z#R L. AEICBTZHMIEERLT LY
HEEIC 2 > T Th, BEOREMENDS, e
¥IETh % Web COBHIERE, B RFH L OBEEE, F#
O LEOBEANL ENL BVERTRENE
MQSE 1258 T% 5. DX #1f 2021 BEDOFEDT — X %

2 a7 B BisA7 MQE | MQSE
1 2 3 4 5 6
cnt 0.376 |0.414 |0.363 |0.387 |0.378 |0.420 |0.517
cnt_conf 0.400 |0.405 |0.319 |0.433 |0.410 |0.404 |0.527
sim 0.396 |0.403 |0.366 |0.397 |0.388 |0.423 |0.527
sim_conf 0.401 [0.397 |0.305 |0.434 |0.398 |0.395 |0.543
sim_idf 0.395 |0.404 |0.369 |0.395 |0.386 |[0.425 |0.529 0541
sim_idf_conf 0.398 |0.404 |0.306 [0.434 |0.399 |0.398 |[0.520
sim_tf_idf 0.384 |0.402 |0.353 |0.383 |0.380 |0.411 |0.503
sim_tf_idf_conf | 0.393 |0.395 [0.303 |0.428 |0.397 [0.395 |0.516
£ 1 464 4D T % 7iTxtT 5 AUPR

Table 1 AUPR values of ranked 464 companies

(© 2022 Information Processing Society of Japan
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FAWVCEHBERZITV, X—2F 1 & L7 Google I5R &
D HPEREN LB Z L 2R L=, £72, MQSE IX 464 t
D 48 T EENDFEE 56.3% (27 1F) EMLITZ.
SHOME L LT, BRINE Y AT LOISERA IR
DD Web ~—VINEHR{L, DX #1[ 2021 BEDOF A
DOF — 2N EBRFEROLET X FIoxt LTHEM
FIZLDFUMORIENE 2 bND. £72, DX Uso K
AL ~OWEHAITEELRIVMASLLEEZZ TS, MilkoN
—Ry=a—FrF/, SDGs, ¥Xx =2V T 4, XANR=T
S IREBRRR FAAL BT, BBV AT LORIMEE
BEEL TV BRI ERFTAMASCERB M EZ TR D72
DO - I a2 —arY—n~E LTOEMIIHONT
LR EED D

BB RFEEZELEOTFHBHK L ELEMLK, NICT O
WIETE & K & B IEGLG 7 FRARE OO T EIEL
BALE L RIFET.
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