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Generation of Multiple Choice Questions for Learning
in a Broad Perspective Using Linked Data
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Abstract: In recent years, just about all subjects require students to learn in a broad perspective. Because
the need exists for cross-curriculum learning aimed at relating subject areas, it is useful for multiple choice
questions to include panoramic information for learners. Panoramic information means comprehensive in-
formation that gives us macro-perspective; through which us look down at the whole learning subjects. A
question including panoramic information refers to content that includes transverse related information and
makes respondents grasp the whole knowledge. However, it is costly to manually generate and collect appro-
priate multiple-choice questions for learners and exam preparers. Therefore, in this research, we propose a
method for automatic generation of multiple choice questions including panoramic information using Linked
Data. Linked Data is graphical data that can link structured data, and it is used as a technology for data
integration and utilization. In this paper, we aim to realize a system for automatically generating three types
of multiple choice questions by implementing an approach to generating questions and choices. An evaluation
method for the generation of questions and choices involves setting indicators for each evaluation item, such
as validity and the degree of the inclusion of panoramic information.
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Algorithm 1 Main_Standard

Input: KG G, Answer, Depth h, Width w
Output: KG

1: Ng = get_far_nodes(Answer,{}, G, h, w)
2: Mg = get_all_links(Ng)

3: return (Ns, Ms)

Algorithm 2 get_far_nodes

Input: Node target, Set of ancestor nodes Ancestors, KG G, Depth
h, Width w
Output: Set of nodes

1: N = {target}

2: if |Ancestors| == h then

3: return N

4: end if

5: for direction € {IN,OUT} do

6: count = 0

7: B = neighbors(target, direction)
8:  while count < w AND 0 < [B| do
9: flg = True

10: NEEEAN

11: n = arg max dist(target,n’)

n'eB

12: B = B\{n}

13: (EEEAN

14: for n; € Ancestors do

15: if dist(n;,n) < dist(nj, target) then
16: flg = False

17: end if

18: end for

19: if flg then
20: count = count + 1
21: N = NU

get_far_nodes(n, Ancestors U {target}, G, h,w)

22: end if
23: end while
24: end for

25: return N

Algorithm 3 \ % x \

if count == 0 then
flg = True
n = arg max dist(target,n’)
n'eB
B = B\{n}
nB = {n}

Ise
flg = True
n = arg max{dist(target,n’)+
n'e€eB
Zn”EnB dist(target,n’")}
9: B = B\{n}
10:  nB=nBU{n}
11: end if

e

XD T Wi

IZBWTiE, &fll%n / — FIZ2oWT target & DFFEED
Wi, WEOHES h FTHIFWICHDESTZ LI12LD,
Answer / — R HLZFDM /) — RETOTXTD / — N
DHEESDOIELS %5 2 EPRIES NS, BH#IZ, 4
J = FEGOBENZLY, &/ —FEGLZDY ¥ 7k
MORDYT T T TR, BED Question Graph & L T}
bhb.

LB, FINTAETVERETVIT) ALOMWHE, 7
T IDIEE w2 EOETH—DORERSIIBITE / — FHF
HERUSENLBE, TN60 / — FRO dist 12X % JHEE
A 72 1) APl o 72 BEEE A AN S B T REMEASE R S
N5, 2070, LS wr 2 L EOBEIZE L TiX, mid
@ Algorithm 2 B X OLIEORE TV T XA IZB VT,
TAY P \xxx\ T/RLTHAZHPHOMWMEIZE SR
T, FEZE RO Algorithm 3 OULIE % Jifi L 7-.
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Algorithm 4 Main_Multiple

Algorithm 5 get_far_ nodes_hl

Input: KG G, Multiple Answers Answers, Depth h, Width w, Num-

ber of the answers nA
Output: KG

: Nsg1 = get_far_nodes_h1l(Answers,{}, G, w,nA)
Ns = Ns UNgg1

cnt =0
: for n1 € Ngg1[1] do
Ns = Ngs U get_far_nodes_hxz(n1,{Nso1[0]}, G, h,w,nA)
end for
Mg = get_all links(Nsg)
: return (Ng, Mg)

0 NP T
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RIZ, BRIERD 7 T 7 BRI A RS . ERE
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Z T, Question Graph OEM: (3) I2B1F % Answer (23
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Answer |[ZFRET A 1 DDFEM DA %E AJIE LT, Question
Graph £ T Answer / — FIZH TIE T 5o fa 2Ll L
W% 5 F THEBETHFLETEK L. 40IL, BeMoqk
)% Answer & L CHE%E L T Question Graph & £ 3 %
T IO =F IR ET L.

F 9, Algorithm 4 IZB WV TIHREME nA O Answers
e T A. Algorithm 5 @ get_far nodes_hl Tl, #HEZ
h=10tXIREMBDOTXTD Answers 122DV T,
BT D — N OA T ETHEETERL TV 5D,
neighbors B X 0, $85%E L7245 target |22\ THEHE
J— Bz 3T L7tk B35/ — Fohadl
32, Iho 2R KOFEN» BRI T 7 L OB
J— FiEME LTHMAT A2 LT, %A FE RO
IOVHEET B, h =2 DIEEICD W T, Algorithm 6 O
get_far_links_hx \ZX V), Answers |85 L 72 DREA
IZOWVWTERTD/ — FOFEED D RITEL %5 & &l
7o L OITAER L T L.

7272 L, Algorithm 512 & V), $85E L 728 ED Answers 12
DWTILAOE: / — FEEWDPER SN WS, Answer
= RNUBED ) — FiEo%2 6, MEERITEKT 5.
(1A AEHAOMBEERT VT X4 |

HAERIZIE D Question Graph (&, 2 2D 54 DR
Ex 120777 LTHEKT S. Question Graph DE
B (4)D 77 7ONEZILRBTE LREOHKE &%
LT, ayny NeBBEO 77 704K % HiEY.

9, BHED 1 DT O8O Answer I22W T, Hn]
BEWROAERT VT XL TH % Algorithm 1, 2 DFJEIC
Iy, #hen1>o07 7 7% 4K T 5. Algorithm 7123
W, ZHEDFD Answer % X T 572012, Answer_ 0
& Answer 1 L RELT AH. TD%, KD Algorithm 8 |2
R get_pair_graph BELZ XV, Answer 0 / — Kh 5
Answer 1 7 — FICELEDO ) #IERTHTNVT) X L%
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Input: Node Targets, Set of ancestor nodes Ancestors, KG G,
Width w, Number of the answers nA
Output: Set of nodes Ngg;
1: k=0
2: for target € Targets do

3: Nso1[0][k] = {target}

4: k=k+1

5: end for

6: for direction € {IN,OUT} do

7 count =0

8 for target € Targets do

9 B! .unt = neighbors(target, direction)

10: count = count + 1

11: end for

12: B=[[4, "B,

13: count’ =0

14:  while count’ < w AND 0 < |B| do

15: NEEEAN
16: n = arg max 312 dist(Ns o [0][K], n')
n'eB
17: B = B\{n}
\ ook \
18: count’ = count’ + 1
19: NS()l[l] = NS()l[l] Un
20: end while
21: end for

22: return Ngg;

Algorithm 6 get_far_nodes_hx

Input: Node target, Set of ancestor nodes Ancestors, KG G, Depth
h, Width w, Number of the answers nA

Output: Set of nodes N

1: N = {target}

2: if |Ancestors| == h then
3: return N
4: end if
5: for direction € {IN,OUT} do
6: count = 0
7: B = neighbors(target, direction)
8:  while count < w AND 0 < |B| do
9: flg = True
10: NEEE AN
11: n = arg max dist(target,n’)
n'eB
12: B = B\{n}
13: NEEE AN
14: count’ =0
15: for n; € Ancestors do
16: if count’ # 0 then
17: if dist(n;,n) < dist(n;,target) then
18: flg = False
19: end if
20: else
21: if dist(n;,n) <
S nAT 1 dist(ng, Ancestors[0][k]) then
22: flg = False
23: end if
24: count’ =1
25: end if
26: end for
27: if flg then
28: count = count + 1
29: N = N U get_far_nodes_hx(n,
Ancestors U {target}, G, h,w)
30: end if
31: end while
32: end for

33: return N

HWLT, 22004ADTT 7% 12O07 7 7ICHETHS
E 2 HAET. line.7 Tl, Answer 0, Answer_1 [ 5
V— s & RD D get_shortest_routes AR A EFH L T, 1B
M/ — FTEBRN D% %5 89 RN DEDY
RNg g1 ST 5. %8B, RNs o L LTHELNS
DX, Answer 0 & Answer_1 DEDOED Y FIZH 5 Ar[E]
)= ROMERDELETHA, Tz, E3LIIRERERLIC
LVIEEL, WHEE L CHED ) ORAHHEEE line.d O
BOBRERHE N x 2 22 2 WHIFI e L TaERT 5
eIy, HEERAHICEROBEO ) ZHAFLTBH Y,
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Algorithm 7 Main_Pair

Algorithm 9 Main_Standard_Blank

Input: KG G, Answer_0, Answer_1, depth h, width w, number of
the answers nA
Output: KG

1: Ns_o = get_far_nodes(Answer_0,{}, G,nA,w)

2: Ng_1 = get_far_-nodes(Answer_1,{}, G,nA,w)

3: Mgs_o = get_all links(Ns_o)

4: Mg 1 = get_all links(Ns_1)

5: (Ng, Ms) = get_pair_graph(Answer_0, Answer_1,
Ns_0,Ns_1,Ms_o,Ms_1)

6: return (Ng, Ms)

Algorithm 8 get_pair_graph
Input: Each answers Answer_0, Answer_1, Each nodes Ng_o, Ns_1,
Each links Ms_o, Ms_1
Output: (Ns, Ms)
1: if get_all_links(Ns_oUNs_1)NMs_o # 0 OR get_all_links(Ns_oU
NS,I) NMs_1 # ? then
return (Ng_o,Ms_o)U(Ns_1,Ms_1)
else
B =h+z,w =y\x BHO) OREFBEZE B 50 COBRE *\
Ns_o_au = get_far_nodes(Answer_0,{}, G,h',w")
Ns_1_au = get_far_nodes(Answer_1,{}, G, h',w")
RNs_o1 = get_shortest_routes(Answer_0, Answer_1,
Ns_o_att, Ns_1_al1)

Ns_o1 = arg max {3, c,n. dist(Answer 0,n') +
rNs€RNg_o s

dist(Answer_1,n’)}
9: Ms_o1 = get_all_links(Ns_o1)
10: return (Ns;() UNgs_1UNg_ 01, Ms_ oUMg_1 U MS,Ol)
11: end if

RNDEDON DA ZHHHE L TWE, ZTOL X, lined 125
JBEDY) OEEERE R L w 1L, BETAERIANC
JIGL Tz &y llEEZRELTBL. Z0%, TS L7k
RANELRDZEHOEDOY DI L, EFEIZ Question Graph
ELTHATAD0% 1 213K 5 72012, RNg g1 DKE
DYIBITFZETRTOPFRE S/ — FIZDWT, Answer 0 &
Answer_1 D dist FAFC X A OB TR b =L & b
BOY EIZHbH ) — FEFRAT 5.

7272 L, Algorithm 8 % L T4 Answer B DOED 1) H3
BRENGZVEE, 12077 7L LTHATAZLNT
Ehwnizo, MEAEBIZIKT 5.
Eﬁu%ﬁ@ﬁ%&ﬁ?»jUXA‘

RAEWERIL, fid 3 2D EEEA D Question Graph
BV, —HHAVWE LTEUERLZ — FEHDA
ATERTAIEROBETH L. oK TIE, BIERIC
WEW = FIZEST 50 2 #0325 2 &£ T, Answer
= FOFER OO A5 L) [IE Y — 2 ET
L5DTHA. 12721, GO T N T XLD L) RiEh
MO dist B & 2 KR A TR S ND 7T T DA
T, HEWV/ — FIZEST 2580 OHEM A REEIC 25 2
EvEZOND. T, dist BEUC X A BT & IRk
RANDFEIZ OV Tl 2 ¥E IR L, HEiR/hORER
DHIL—FEBRAN ) — FELTHETEWIERT 70—
FERRETS.

CZTIE, EDOIOOMEEAD ) L, HiliZz AR
RTHLHPMERRD 7V T) XA ICHREWER % #HH
FTAEEDOT VT X2k LT Algorithm 9 # 5% 5.
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Input: KG G, Answer, Depth h, Width w(w = 24,7 > 1)
Output: KG

1: Ns_gar = get_far_nodes(Answer, {}, G, h,w/2)

2: Ns_near = get-near_nodes(Answer, {},G, h,w/2)

3: Ns = NS,fa'r U Ns_near

4: Mg = get_all_links(Ng)

5: return (Ng, Mg)

D BRERCIBHH/ —1
E mEmERcs M/ — K

Answer=ATHIBE, h=2,w=2

Answer

Bx
e ,
F
&
BH

2 HERERXIBTLRACEAD ST 74 2= (%)

Fig. 2 An example image of fill-in-the-blank questions in single

answer.
(%) HBpORL/ — FIZAZENE LT 9 1 [ay¥a—y],
o7 1 [OHY b AHUT 5.

HAEWENX T, FIAE w TEDEEEZZZEL, Algo-
rithm 9 (2B C, Algorithm 2 TEF L7 get_far_nodes
& get_near_nodes O E AT, K4 L SLEED / —
N2 T 5. get-near_nodes B3$ix, Algorithm 2 @
line.10 1I2B W T, argmax TId7% < argmin & L T target
DR/ — BN Z KT H 2 & T, dist BEIC X 2w
DR ZRDOLHDTH 5.

X 2 TlX, Algorithm 9, 3 % i\ TR T % HELNE T
KB 2HEVERDO ST 74 A=V ERLTWD, %
BoOHBEIZBWTIX, Answer / — NOBEHE / — FEEA O
) BIEEER/NOFEN EET L ETH. MDA A—IBID
E9IZ, AW — FIEEEFHN D DI [70] & 7]
%, (7] 2N Z L THRRLY 5.

B 3 12BWVTId, dist BIC L %/ — Foflii 4 A —2
ARLTWD, 7971 w=2%FEL, MEX—A05
target OBE:/ — FiBg 2 LT . T h=10D¢%
X, target TH b Answer DLW/ — N 2 IS L,
B R KOROTRTHERE  — U2 o2t 35,
EHICh=27TIL, KlIfEo N7 target TH LR — N
L OWEED I K OB 7 — FEER &R, ok’ ) —
NEDOWHEIZDOWT target / — NE LB L TORAIZKE
Wk E, FOCORTERE S - FiENE LTHRATA. Th
AIRE LIRBEORS h=1 FTETTHI LT, BBED
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MICEHT 52RHE/—FD35,

NS DOIEREN B EE V%
2L, Ny SILETOIEMIEIC
EL 123 I EZMIeT LSRN ER

Linked Datah SEE L fc/pic
By o2EE/—FDS5E5,
Noh & OFERED R EE W Ta’:%EHHi

BROZRE:h

HEDRS | FTHER

3 dist A% O 7ZHFERAN = AL v 7 iR A A=

Fig. 3 An image of extracting the link structures from the knowledge base using dist

function.

Answer 5 DORIZEL b L)% 7T TIERTE 5.
T/, APNEEROERT LV IT) XLIIMA T, B
AV —LREAVLEETLILE L. AVY—RES
WE major fEE LC, ZOEAIT—NA[ELY Y —D
BB AGES S SEYM T — 2] (BCCWI)*3 % Fl H
L, #REr7a—32 (OT) 0% 1.0, MEHEL L O
73— X2 (LB, PB) OEH % 0.5, 2 LA OE
ME 0.0 LRE L. INE dist BIEE OMEIZ X 0 EH
LT, I=NRACHFAETLRBANLIYD AT Y — ML L
THRHENR T BB LH1CL 727L, BEh=1D
%7 = FIZoWnT, HN— 205 O &SR FIz T~
ISA OT OFEMDAFAET A TBENICHRHAT 2 L9 12
L7-.

PEDOT N TY XA ES AT T w87 b 1 BRI
MR D 5\ Question Graph AR % Hig .

4.2 Distractors £ 7 70— F

Distractors (X, Question Graph (23T Answer / —
FICEHBLZVREMTHY, T4Db5 Answer LDV ¥ 7
BEOWEFNLEMZLTHIRTEMAZSILVE ) &
J— FREMEBRZRTH L TERTRETH L. L7zh-o
T, T2 TCIEERTAR L7 Question Graph % FJJH L 72
Distractors DN FEEE 2 5.
4.2.1 Distractors DE4

AT % Distractors & LC, iz d NI EFL TS
EET 5.

*3 http://pj.ninjal.ac.jp/corpus_center/bccwj/
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Distractors DE#

(1) (%H) Question Graph IZxF L TRIERTH %
k.

(2) —RLUTAEREHS D505 S DOEEET 720,

4.2.2 Distractors £ F &

2 (2) &0, —RLUTAREBRLEHESL 2500 %0
& 9 % Distractors 49 5 720 121%, Answer i) & HH
LU 7-53E5 554 % Distractors & § 5L ENRH L. 22T
Answer OFELFER L, MFX—ALIZBTFAY V77—
7 O D Answer fE LML TWwWa 2 LTSN
b, ZOZEDL, AIIROHFEI LY AR L 72 Question
Graph #FJH LT, Answer / — FOBEFHE) » 7 iEiE2 S
Distractors f5ffi & A5 % .

$ 9, Question Graph IZB\W T, Answer / — NORE#E
VY7 EOEEETMBT S, B L-EAIIONT, 1
DU EDOEED) ¥ 7 ZHIBR L7z E S12HHT, oY »
IREEDES M T LI %/ — FICHS T HiE5ES
%, Distractors DfERli & B3 2L TE 5.

& 512, Lorenz & [5] DR ka2 EIC LT, BUSL
72D 9 H, DBpedia T Answer i5mj & [H L7 7 X
BT ARV IAL. BB, Answer itn)DIETH T T
AIHBIET 2HEDRD LY, TNLD7 T AD) bk
TROZIAC, $%bbL, Answer itHh 7 7 A C DA
YA LATHEN, TV T I TADA LAY AT
BZRVERDZ A CEZRET L. ORI 7 AC %
property & L CTH#72 object (Z7%24 9 5 Ml & #1912 HR
M35,

fEfli 2 & AR~ OFRA i & L Tld, Answer / — FA°
Question Graph E® / — K& LTH2 Y ¥ 7§k & Dis-
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tractors 7% Question Graph ./ — & LCHD 1) ¥ 7 HE
GOV HE L 5. ML Answer / — FOREHEE/ —
FREA] & OFEE Dd, Answer / — Nifh) & BiiE 7 — FEEA
LDl Da L % IE L 72 D3 |Dd— Da| D/hS & &,
B4l D FEAI O major fif Md DK E SOF] |Dd — Da| + Md
WEMNOLDODEHATALHICTAHIET, —RLTA
WEfR & 035520 0 1S W ERIREE R R RS,

5. =i

22T, hiko7 Tu—FIiz X ) ERLBIZIRT. M
i~ — A & L T DBpedia Japanese Z FfJH L, SPARQL
endpoint % “http://ja.dbpedia.org/sparql/” IZEZET 5.

B, Answer & L CRRET LML, EEI—I/VAD

R (OT) RICH 5t % FHRiIcHEEEATHWS Z &
55, FREEEIEEON )X 2T 28R E LB WVD,

DBpedia FOFEM TN TRBED A ) F 2.7 4 LITFE
TELDERELTHWAZ LET A,

5.1 Question Graph 45k

Question Graph IFFIE TER72& B, Answer H Y O
BAHFHR & L C Answer B DV ¥ 7 f1E & ik — X |k
75 SPARQL 7 ) 4 L CHEEBIUE L Tl L7220 b,
Z® RDF 77 7 % L TRT.

dist e w#FwT 512720, RO - BERD
WZHLETTRE 2 FRIE & LT, word2vec DHFIFEHEAET
V23] 12 & % similarity ZFIH$ 5. FEHM O similarity
DIEAVN S WIZE, FREMOREICH - FIRA 2 EEAYR &
b bRBLTERLE. 77 706EI, BELZ
Answer & ) Oz ) A MEL, SEEBOBBEL L
T7unNT 4 %R LD % D3js X W<,

BT 70 —F EFIH T AR5 T — 75 2% DBpedia,

word2vec FHFAET NVIIBITAHRIEDPNIZOVWTIT,
Wikipedia <X — ¥ 3% 122 T Wikipedia 12 & 1) & & 7

LoOEFR SNG4 —E % PUFTTRE % Redirects & FIH L
T, HEA4ORLONITHILT S ) A PEERTHZ T
77 78K L7z, %8B, Question Graph FTEEIZER
T 5813 Wikipedia X — YO EEZICHK— L7z, /2
RN DR M O MR & LT, HAFE WordNet 12
L% LARE - THREOMR T FIA L 72 EEGERE 2170,
Distractors 5 fif O 754 B OBPLEE & i 2> 5 B 7z,
512, METHERTL7T7 L0 v 7 7)o
WOWTHERE LAz, V7o Wkr o7 0y v
J = FHEOBBREOMEHCHEMEHEZE L Tnb. 25X
{ BAKM 2 BFREEDTR ENT WA DS F OMEFIEZ b &
IZ Answer [ZR%4 T AR RIS A 2 L2 2D, MiFII
BRETHLZ D% A0, MBEE LTIHTELWE

4 Answer=“V 7 77 A" |Z&%E L72 & & D Question Graph
Fig. 4 The Question Graph when the when answer is

“Socrates”.

FEZAONDL., ZTD2D, HF#N—ALDOY) ¥ Oz %
& LT, “wikipagewikiLink” @ X 9 %R B L S N
TWHEWLDERFRW) v 7 TNV OBREZE L LTl
2 u A SN e

F72, HEVREEROERIZBW T, —HlOfE %
PRL72HAEW — FICALRR 2 S5 X9 2RHEIC
T 572012, target ifh) & OB RE OB ) — NiEh
PR 5 EAEICBWTIE, DBpedia L26HUfF s 5
Abstract [EHICE TN 5500 2 EEICRAT 2 L vy L
AT

Bl LT, Answer & “V 7 757 A7 \[ZiREL T, B
HZERO 7N T X202 & Y EHK L 72 Question Graph
% Graphviz (X VIE L2 0% R 4 \IRT. B, &
J = FOHIZOWT, Answer / — FxfRfa, 77 A/ —
R & fkfa, §Esa— A RICHAET 5l & H b L Ok
o, WTFRIZHFH LRz kB TEL TS, £0
fOEHMZEIEA, MEETmERA, REWEHEZEEA
® Question Graph EFBFIIZOWT L, [FHHNOZNREFN
M A1, K A2 [KA3 XA4ITRLZ.

5.2 Distractors 4

RO 7 7a—F0 LB, FEHIHIHEO FETERL
72 Question Graph #FIf L C, Answer / — KDV ¥ 71§
EEFIH LT, Answer i) &M U2 9 A CIZRTAH A >~
A Y v A B RAF A Z & T Distractors AT 5.

7B, Distractors AW IZ BT HEEHE T — 7YX, DBpe-
dia, word2vec FEHIFEATTIVIZBITAELDNIZONWT
1%, Wikipedia b T%E#% S 1172 Redirects # FJH L 725&5C
W) A M ZAER L CTH W7z, Distractors & 3 43k
AIZDOWT b Wikipedia S — Y D EELICHE— L7z, Nz
T, FFEE~OxLE LT, WordNet *> % FIH L 7- 525k
MBI L DAL T = — X% ikl 7z,

Answer & “V 7 T 7 A7 |ZikE L7
Distractors iz R 1 ICF L ® 5.

nB, INSOWEFTPIT L) AL L 7AW B s F2 5

(N (S

*4 http://www.cl.ecei.tohoku.ac.jp/ m-suzuki/jawiki_vector/
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*5  https://wordnet.princeton.edu
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£ 1 Answer=“V 7 77 A" |Zk$ % Distractors il Dk
Table 1 An extract of candidates of the distractors when the

answer is “Socrates”.

Distractors f#&fifi il — N HEEOBEUE (%)
~NZ77 VLA MR 3 5.63
=)<V A 3 3.95
AT N/ N A 1 3 3.77
XYW N BT AT a— 3 3.67
N—=—7 « 7« AW 3 3.64
ARV - 2 3.63
=Ly - FoVra—n 2 2.80
7Y—FJt . -=—F=x 2 2.78

(%) 4 ZD Distractors 27 70 — T 12 BT 2 HEEOHEPEE
ﬂE ZnEcomNodes(l - ‘an - Dan') + Md

DEIX, FHBERHOHE Y A7 4L LT Web ETH
RSB T 576,

6. &Ml &#ER

AR D7 70 —F12 L Y AR L 72 Question Graph &
Distractors D& B/ E S L& bE -5 HEEH & 2 A7
LEROFHIEE 2R L, FHiifi Rz TTICE L 05, &
B, RiHIZBIF % Question Graph (2DW T, HEKRIZE
EAB L OEENEEROHEEE h=2, L% w =2,
MEEHERRIRSE h=1, K% w=21I%ELT
R L7z, Answer [2XF9 5 Distractors D %ld, LU Tk
N5 B HOBAAREO A IS T, “HEKNE »°
Answerl D & Distractors3 2, “BE[E%” #° Answer2 D
& Distractorsd 2, “HLAEWHE” 22 DOMEIZDOWT
Answer & 1 ©, Distractors & 2 DIZik%E L7-.

B, RFEMFEEIZBWTIE, HERE LR & B 325
T ORNFTITo 72,

BB FEBRIC BT B BEAFRTEIL, RPEARLE >y — R
DS 5 A5 (CFRE 26 45 ~FR 30 4E)*T X 0, W oFH
PR L HERLE LT, RED 3 o0 EEROMEE
KL TR L7z, REOKNERA BV TiRb: L 721
REOAFHE, BRI 12 B, #EmEEA 3 M,
MATRIZEA 26 HThDH. 72, £ET 2RO
1, HEREICB T B EOKICEDbE . ERlZhBWw
T, PoB L7 M EORME R SWEEIC L D Ao T
W EREAREMEE QTR &, #ERGEAE Answer
ELTHEBRLZREMEIZOWT, xPnd 5 ILiME s %
DML 2 et S 72, 7 d, #EE 1 AH 720 O
&, HEEIE, HENEEA, faeenErosin
ZHUSH LT8R, 3R, 10MICRRELR. 72720, HE
MERRD ) b e REWERIc L s MEE L, BIEE
DIFIEEIC D WTEE ) — FExRE STk L7z,
Wi o EEEHI N 2 T, Distractors OFEIEE @122 W

*6 http://www.ohsuga.lab.uec.ac.jp/okuhara/
*7 https://www.dnc.ac.jp/center /kakomondai.html
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T, WEREDIEME S W EAE SN A 7EA % Answer
ICRREL-MELZHEL T, ZolEEFE2E L. HE
IFHLEEEETE 2 BN 10 RIAER L CHE L 72, 40, #
Wi & L CHOMSRRFIRIT R L AT E L, SEICD
WCRRE LEHIEE 2 Wiz 9 2 & 2oz, 4B, 4
A DOFHMFERR I BT, HEERE OB TR 3 5 H
R IR % <, [k & v FEPHC ORI & 7%
LCHENL7-.

MO FEERTIE, T — /SR D 551,136 FEH 5 ETLW
NLEE L 729 2T, DBpedia & word2vec FH FEAET T
VECHEESTLENORE T YT LR L, HEEGES
(“HEMZ @ 434 38, “BEHREEER D168 57, “HAeE
A% D 174 58) % Answer |ZE%5E L 72 AR M % BFAT* T 52
& LTHW/2. Question Graph (22W T, RED dist
BEEFIHLTY v 7 ke it 3 5 ik cAm L7 M3
(RETH) &, dist MBEEFHET T v 52120 v 71
EERH T 5 A% (BT X VERLAET T 7122
W, ZRFIEH 12 - CEEME, H#L 7z, Distractors 2
DWTIE, %D Answer / — FHED 1) ¥ 7 Hixk 2 FIH
L CH:f L 72 Distractors ($848) &, Answer ;64 DB
50 TANG TV LIEEN EEIRL CTERT 5 5 (M
BFE) 122w T, KFHlEHE (26 - TRHlids & Tz
L7:. B, REBRTIIIRF L EMFEICBNT, Ak
D 9 5 Question Graph EDOAFEF — FESEEAD
R/ — FEOEHL ET, 222 Distractors 7348 % [H %%
RSN ODAREFHIix G L LTHW.

6.1 Question Graph DOHRAIEERIC & 5 FEEFHMEIEE
& RHEER
Question Graph DB Z IS L &b 7258y 52512
LB EBIEHIIEHE 2 LT ICHIT 5.
-~ Question Graph OFEIIER ~

O #BEME. [EH(1)]

o Answer NEDFETH L &
@ M. [EH (2)]

o KiBMDIET DT T ADME

o KAEMAVIFAS N AHFLH ORI

o HEBMIDDIEEND Y ¥ IV ORkITE
@ FEH... [EH(3)]

o Answer [Z5%4 T AFEMND NI L

J
HH@TIE, A8 L 72 Question Graph @ Answer / —
N2 Answer ;BRI APIE LS HTEEANEINTHAH. 2
WE7 7 7 DA TR 2T 2 EITHITH 5.
HE@TIE, T 28§ 5 72O ICRKGH LI2B W T
A DZE LTz 3 ODIREIHED &, MR L D &F
flids. BED 1 OH “KBMUVET 527 7 X DR
1¥, Question Graph AR L72HG#EN—A LD 7 T X
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EENTZUHEIL TV ANt RIETHE. 77 A,
DBpedia L D427 9 2?9 5 Thing LN 7 7 A9 55k
FOFHB T TAEHFRD., 2 O0HO “KiEMNPHTEIND
FHOMEWE” & 3 OHD “KiEMPTEHEINL T v Vv
DOREWTEE” 12DV T, ANROFESE T — /S A P OHEE
73—/ (OT) 2B 9 2OFBE 5 & 73—
/SZ (LB, PB) 23175 NDC (HAFESHE) 0% 1
X IZED T2 9 DOEFEFHIHED W CEHiT 5.

HH@ T, 428 L 72 Question Graph 123 L C, Answer
J = FIZ#EHST 5 X9 % Answer UV OFEA SV e v &
I EFRDL. ThUE, Question Graph T Answer / —
KoL) v oy, $XTH2XI LR/ — Fe¥z
FFrzECBTE S, 22720, BEEIRMEICOWT
i, Answer / — FIZi%4 T ABmnsd 7 { & b IREME
HHIENVWIEENE RS,

6.1.1 EA&M

FED & B Y, Question Graph DAEMMAFE L ) Answer
DEEEIZEHTSH 525, FHBICKE L T Answer / — KO
S — FREMOBBRMEE VT, Answer / — FIZ7%
M3 254 % DBpedia E20 5B L7458, RO
ARTEIZO VT Answer R N TV 2720, RER
2BV AR S L7,

6.1.2 {HERE

PR BRI X BRI \CBE % 3 D DRl H 12D
T, PRMOO K EAE AR L 7245 Question Graph MIZB 1T
5, 7T AOMKHIZOWTER 2 IR,

Question Graph O EAF: (2) “UFMLEE” 12xhd % RHilifE R
ELTHIT 2T A, B H, Vv Y IVORENE ORI E
BRICBIT AR THHHE 2 12DOWT, 7 T ABMTEEIZRE
FEERBETEOWTNL 1 79 7128057 7 AR
EFEHTBLZFL, 2WEETHY), REeEPRONL
Motz 7277 L, %iE4)I3 DBpedia FOBEED 7 T A
FES 2720, EiHIH721) 1 DOFEMIZOVTIE S
THEBORTRBO 7 7 A—ED) b—FK L Lo
727 I ADREHBIZHHALTWA, —J, #Hja—Is3%
ZFH LR BB, wTFhoREERICowTH it
FWHE LD 0.94~257 A REVWHERE L > THED
T X VOV SRR FEA R A $XC REY, 0.700~2.13
VX YNV RELS oz, REFLETH LEEMMO dist B
BICE 2/ — FORBBONREZ 2720 > 7 &l 7
TO—=FNLNVELLOFREBLOY ¥ YV 2 &L MEAR
WCEBLL-EEZONA.

6.1.3 4T

Al A L 723X T D Question Graph I229W T, An-
swer / — NIZ§%24 9 5554 % DBpedia L CHEREL7-& 2
%, Answer iM% B\ 72 Answer / — RNDOFEM D424
BIEIR3IDEBYTHo7z. BRIZBVT, WFhoplg
ERIZOWT D “HAW &) DFHs “HAW” 2 LICHR
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#+ 2 Question Graph DO O FKIREEICIED { & BIEF
Table 2 An objective evaluation result of Question Graph

based on each indexes of “broad perspective”.

st 77 A% FHH % Tx vk

’FE O Ml | IRE M | /E WK
Hggml 1.67 2.03 | 3.43 1.90 | 4.32 3.43
MAVHEHEZ | 212 203 | 447  1.90 | 5.56 3.43
BRI & 1.66 1.87 | 3.74 247 | 463 3.71
MAWERREZ | 216 1.87 | 4.72 247 | 570 3.71
HAT R 1.32 152 | 3.22 228 | 3.85 3.15
HEWHLA 1.39  1.52 | 3.74 228 | 446 3.15

(%) BIREICBVT 1S OTHEE HM.

*£ 3 Question Graph D455 14 D & EEFAM
Table 3 An objective evaluation result of specificity of

Question Graph.

- Answer / — FORE4EE (%)
o wE o

Hgg o % 18.8 4.71
% 3.58 4.71
% 14.5 4.54
RAEVEEIE 5.11 4,54
MA-EmE (13.9,14.2) (3.80,4.96)
MEVHLEE (3.07,4.15) (3.80,4.96)

(%) Question Graph I.'C Answer / — FIZ§%24 3 % Answer 7/
DA OEM O G R E5F. %230 T 1-Question Graph #7210 @
S &

TB LT 10FETFHEWEI NS VFERE o7, ThICHE
N5 &, RELBE BT TRFEEICEEIERE
GHAEFAHR LN o Tz,

6.2 Question Graph D#ERE EERIC & 3 FEEFHMMIEE
& RHMFER
Question Graph O ZEEEZ RS L &b 72 HBRE LR IS
&% EEEHEIHE Z LT I2H 1T 5.
Question Graph O E&IFHMIEE

@ Wl [EE (2)]

o 77 7 OIFIE O T HIFH
Q@ WEtk... [F (4)]

o U5 7D HIME

HEH QO I DWW T, ZHEGERME & L Tl
MR LOESVOEEZIL Z L2 HINE L THERE
FEERIZEED C FBEHG ATV, JEROERME & B E
WZOWTHRIRUE O 4 BeRERFIC & ) leies ¥ 5. £/,
B EAROIFIE 7215 T 7% B OWFE & LT, Answer
AT ABICBEICLL ) — MR, HERERICBIT S
MEVOFETIET 2 2 LT, EBEORE D720 DR
B tHEDOREICEREN DL 08 b IO 5.

HH@O WO FMIE, Question Graph OB %
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FHERGIC X 0 HEBRE 1S 5 BRI S € 5.
6.2.1 {fERE

W DO FBEFM OB R 2R 4 ITRT. EH1, £4 12
AT GREROME” & X0 W ATK & v &G L 72 [
IZ2OWTIE, B5, B 6 1BV, ZREIIFHEDZED
FREE E N DEDFEFEIZOWT 4 BEEEHM MG R %2 T L o
T/RL 7.

WS D EBEFMAE 12OV T, SRR ICBIT 58
B O ORAEHIE, “HERIE 2376 BT, B
B A3 57 %, HHAEEREHER” 25189 METH -
72, 4T, WTRORZEERIZBNTL B L 2EHD
BERE DS, “GREOME” OFH B OBAEME L0 b
“CE D PFIIEE SR E W & FEA L 2.

F5, #6121, F 4 12BWTIRE ORI E & Wl ASk
B ER L 22 BRI 20T, R & 0 “HElE o
AOMEE L “NBEOEORE” O 4 BRSO R L £
Loz, I TE~8 EIOWEE [V D 5] L%
L722ens, REOMEOHH L) ML K E v EFF
fili & A7 ERERRE LY, &AL L CEDMREIC D NEICD
PEFEREE OEVRBLZHLHR 2 WIEWIEALNS.

T/, |TICBOTHEREDSRIERICBEIC L, —F
Baeis b, BRIERITBWT S, 4 FREOFENISEIZS
Tz FRIZ, “HEMmZE & cHEwEKRE L2t
LT, HAEVWD ) = FPHbHENBE ) — FEDE L,
LD 2R CHIEZ R 2o n ozt Abh
4. CHAWHEKEZE OBREERZEIIKZVOIX, Answer
ZET B 72OICHA ) — FICA LM 2N 505
D& HIEIZONWTIIZE ) — FEDPE L ko fzhs, R
W = FRfEll LR COIEMAEX 5 L) iy
MEX, 2%/ — FPP %l D IE60E MM eEZLL
nas.

6.2.2 AIFEMEOFH

M (4) O 77 7 OB 1I2o0WT, B 5 OBERE
FEERZ BT 5 5 BFED EBEHT2 5, #ERE OFHDE &
FERWHBTH L LA LTWA, —F, 4E5EITKRE
WHLWIEKRETEL LD TH Y, HBEEIZL->TIE
RRRKEDIEK L DBREOBBETH o7, B (3) D
“Answer |[ZFZMU T HHIEOHK DA% &7 12OV TIE, AilE
DFFEMEICET AR5, FHEEBRTHER L 729 TD
TT71ZD00WT, WIND Answer / — FIZFE4ST HiEM
2% Answer i) UAVEAEST, BEfE2 i LTz,

6.3 Distractors O#EMAIEERIC & 2 BEFHAEIER & 5F
flifE R
Distractors D B2 S L &b 725 litEH = LTI
75,
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R 4 DL o FBIEF
Table 4 A subjective evaluation result of the degree of “broad

perspective” in proposal and comparative questions.

I L DI VR & v & FEM S s ElE (%)
REOME  Zbb AR e o
Higgnl % 0.48 0.26 0.26
B N 0.65 0.25 0.10
[EpEES 0.68 0.13 0.18
A EE 0.50 0.22 0.28

(%) PUET & 2MBED AR, BIEEIZOWTEREIIN§ 273
% S,

xR 5 ILROME L ORI L OWIIE O 722 OFLE O F FEF
Table 5 A subjective evaluation result of the difference of de-
gree of “broad perspective” between proposal and

comparative questions.

A 4 BERSEEMio S & (%)

1 2 3 4
B o 0.00 027 0.28 0.45
Hfr B A 0.00 0.18 0.32 0.50
BRI & 0.00 0.14 044 0.42
iR ealEP=S 0.0056 0.16 0.57 0.26

(3%) REOMED L Y IHIATH 5 & 5T L 72 [1% & 0 45

B THIREDZZEDRETH L EERE T34 2] 10T 5 E%
[1: Fo72EF B, 2. HFTHVEPRV, 3. TILENFDHL, 4
LTCHLEND D]

%6 RO L LHOME L ONEDEDEIED LA
Table 6 A subjective evaluation result of the difference of de-

gree contents between proposal and comparative ques-

tions.
I 4 BRSO EIA (%)

1 2 3 4
Higgml 0.00 0.23 0.36 0.41
dfAWEERZ | 0014 025 0.40 0.33
BRI & 0.00 0.17 0.33 0.1
IR Al EF=S 0.012 0.28 0.54 0.16

(%) REOMED; L VA TH 5 & G- L 72 |% & 0 45

B THNEOXETEORETH L EELF T2 | 1S40 1
T EDR, 2. HFNEIL, 3. FTILENDS, 4. &
TH#EDH 5

RT7T PBREFEBRIIBITLNERNSE ) — N
Table 7 The number of nodes referred for answering Question

Graph based on a subject experiment.

L E%%mﬁ%{fFﬁ(%
Ty T ff 7

B n & 3.22 0.32

HAVHEHNZE | 3.80 1.24

e 3.74 0.73

HLAE I 4.40 0.84

(%) LT S EOARLERE. FRFE IOV TERMEIINY 5¥38
% 5.
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77 7 DRERO T

17% ’,

BNIBEZ w/hI0 mbEIERL s RkEL mAEBED

®5 777 OHRBED LR (%)
Fig. 5 A subjective evaluation of readability of Question
Graph.
(%) M THRED [Question 77 7 | OFELREIL L) TLzA ] 12
X% 5 BRI

Distractors OB ERZIE B

@O Question Graph |23 L CARIERETH L 2 & ... [ &
f(1)]
@ BRFEEOFMIEI RS V. [BEF (2)]

THH®? Question Graph (23 L CRIEMRTH 5 Z &1,
Distractors DA BHFE? S HITH 5.

HH@O BRI E DML, Distractors DL (3) D
CRLLTARIERE G002 WBE R TH L 2 L7 12D
WCOMFAETH 5. Wrak ISl & Zmkny 1w o
&N HAT 9 . WECAREECIE, BN O fh30 R <
Y= EGEOTCMET KT S, T7%b5, Answer ihh
EOFMHMBHEUEZNE20DbDTH D, W THT
Y =) CaboCha™$ & F\»CT, &1 52\F & il O 75—
T B 0EMAET 5. FEARIORGE T, BP0k
B 2 JHAEE 2 LB s 5. BEEAFE12 BT, Pho 5D
1k [5] (IS BT BRHEE TV OIRIE, & % W IESCHk [24) DA
HoMroFPERE LY, FEsofE$H {Person, Location,
Organization} @ IL#%, DBpedia £ OERIEH % FIH L 72
J8HE “DBpedia Entity”, WordNet D%z DR & %
FH L7588 “wup similarity” 2 FH L, B2 & H
LTHES 2 7EVRH 5. 40N, HEEROBIZFIM L
72 word2vec D FHIFH FAE T IVIZ L 5 similarity D&
&7 .

6.3.1 Question Graph ([CX UL TREMBTH S Z &

Ak o & B Y, Distractors O 4 2 £ 1) Question
Graph |28 L TAEMRTH A Z EIZHHTH 5%, Ques-
tion Graph E® Answer / — F& ) ¥ 7 5D/ — N5k
L OBRMEE VT, Answer / — FIZREST 2784 %
DBpedia F72> 5HUS L7258, FHilixd R ORI DT
Distractors ;B DS& TN T Wi o 72728, Bl 3o
T Distractors 2SN IEf#F T 5 2 & DL S N7z,

*8  https://taku910.github.io/cabocha/
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& 8 Distractors ® Answer & ORI LIEIC X 2 B EIFHM
Table 8 An objective evaluation of the distractors based on

similarity to the answer.

pattern —3{5 similarity 13
@ % He % e
B 0.553 0.265 0.0720 0.0863
i qRt b qEay 0.580 0.265 0.0986 0.0863
B A 0.686,0.753)  (0.353,0.407) | (0.0483,0.0183)  (0.103,0.0453)
HAVEEIEE | (0.673,0.738)  (0.353,0.407) | (0.0672,0.0273)  (0.103,0.0453)

LA %
RAVHLAE

0.302,0.288)  (0.207,0.123) | (0.0824,0.0812)  (0.0309,0.0224)

(
(
(
(0.302,0.288)  (0.207,0.123) | (0.0924,0.0812)  (0.0309,0.0224)

6.3.2 BEREXEDOHELE

RED dist BBAFIH L72ERE T v 5 AERICE 2%
Distractors (22T, iR OTERER D GFAEE /XY — O
W “pattern —FH” & word2vec D FAE T I
12 & 2 ML LB “similarity “F” OfER TR 8 1T T.
“pattern —IF" 1OV TIE, 1 DDMEIZEB VT Answer
EAORY ZTERAOMBEL KT LHEEE, 10d
720 @ Distractor IZDOWTFHELZHEL72bDTH 5.
“similarity 7 12DV TUE, KTLED dist HERTE TF)
I L 72 word2vec S8 KA E TIVIZ BT A similarity =
WC, Answer i & DHPELHB L2V DTH L. %
B, HEEEMBH2) DEOTFHZHEHRL72bDOTHY, £
DAL 1-Distractor 72 ) OFLEDEL 7> T 5,

FHEEE Q@O “EFRPLHEOFMEES K E W &) i
DOWT, BEMAYFEERIC XD Answer iEH] & DIEL/S Y — ~
& word2vec SFEHFEAET INVIZ L B similarity 6% L L
T, XEDLH)tERE o7z, HECHFEMLE T E 12
KEBEDFIR SN LD o720, BHROEDEIZT ¥ 54
DFHFL0%AEERE VR E R o7z, Wiy — L L
T “pattern = 2OV TIE, WFNOEIEERICH
WTHIBDOFPREL D —FEPREVFHRE 2o 7.
“similarity *F3¥5” 12OV TIERRIZ L o TRHERPSRZ D,
CHELMZ T F 5, RV EEEE (TRED KD
KEL, “BEHEME & CREWERRZE (ZHEBDHAKR
&, SHAEERE L CHAEWEEIE TREDO D
K& oz, B, ZFREEAICOVWTHAVOFET
gzl wihd iawd ) oA D )2 similarity
R EWVERTH o7, IOV TIE, Distractors 2k
B2 1E Question Graph (281F4 Answer / — KD 1) ¥ 7
J=FEAHALTWE IR, HAVOFEIILL ST
THEEDT 70 —F OENDEKR L TWE EEZ LN,
HAWSR LDJ T Answer FE4) 2 5 D4l dist BRI
L BHHER KD/ — FERWEZL T 525, HEwdh ) T
target DFER) 6 Ml K & i/ hNOBESE 7 — FaEn) % 5
FTOMH L CERT S, ZOZ 95, Question Graph 12
BWT Answer / — FOPBEE: /7 — Fi&h) & Answer igh) &
DHHEDSENZE, REFEOT 70 —FI2IDEDT T
75 ER &5 Distractors I BRI VFEAIIZ R 5
Emich o/ E2zoN5.

1750



BEAIEF =R EE Vol.60 No.10 1738-1756 (Oct. 2019)

6.4 Distractors ® A & X ®RIC L =FHlIEE & FHMEiER
Distractors DB 2 S L &bw7-5HiEH 2 LT I2dH
75,
Distractors O A ZX&RIZ L 7zFHMIEER

O EMEMS 2w NOIEERINERB SO 118
B (2 (2)]

WERE EB A L CEBOEARZHAD, “FAR)IGR
RSO 1 RE” 272358 D EREET 5.

BERE BRI B VT, HEBRESIERZ MO v e g
ENDEM) % Answer IZFRE L7-HEZ BIIC 10 EHE L,
FNHIZDVWTHE 255, ZOB, PEEIIZREHEIC
EffERRSE2) 2T [IEROREIEERE V-2 &8
boteir] & 177 7% R TERICEDREMNBALZ LD
Giro o] A BRBEECaRA, ZOREL H b THE
REFTlLws,

6.4.1 1FZ=X

PeERE IR BT B AR R Z RS, ARIOERIZE
W, AFF20 BOBEBRELSNESELN, b5
DIEE GRS THh o 72, 4B, Distractor VZHELF
(1) @ “Question Graph |23 L TEIZAIER THb 2 L
oW, AR 7 7o —F X0z LTnb 2 EIZAMN
TH5b.

6.4.2 WREFERICLZIEZSEDLHE

£ 9 TELNEERITBIT 2 £ E PO RINE O 2K
%, T} 10 T, EMOFEMICHT 25HE IS LIRS
HEFLOr, B (2) O R L TRERE TS 125
MHEHWIE? OFEIIZOWTHEH@ T, $-XTOHER
BTREMREMS RV EW)IBEDOTT, “FHEINT S
IEERDPB L ERIPE D 17 T0bB 1/4=0.25 FEJE
THoHIENLET LW, £9 T, MATREER 10 /M
EEREICHE L2 2 OIEE %% Answer DRBAIERIC
F L7, GEABAROTRME” 1I2BWT, Answer DA
HIE%E [Fo7Mbhwv] L% L2 HERE OIEERHT
040 T» h, IEEROFHMFEEE 0.25 & 60% 1[0l % #f 2 &
otz BRI QA4, SEHDIEERNS 9HLETHDL T
TQ2, 8 9 2EUTLIESLOXNH2 2 Ehs, [HE
WX o TE—H U TARIEMZ & 550 5823k s
KRB BT T, T 7 EOBAE 1ZBWT
[F o/ Ohbhhol] LRELHESEOESRIL
026 TH Y, ZH5IZIEEROFHMIRE 0.25 & 4% DT %
2 Bl o7z, MAEMEOBRRIIHEREO RIS ED
T 3 2 Distractors Z/E L TEBY), §4bb 220D
% Answer FEAJIZH IS 5 Distractors fh) & 2 O § DM
L7z, 29 OIFEFRNEIERC BT 2 K EPUL O
L0, Q4, 5% “(D0,D1)” ® 2 D Distractor & LD
ARG % 5B O BIRED 0.00%TH D Z &b,
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R 9 IEEFNEIHMIEERIC BT 5 @I OIEE (421F)

Table 9 The selectivity of each choices on proposal questions.

Answer EHUK Distractors #Ui%
< (A0, A1) (A0,D1) (DO,Al) (DO0,D1)
1 0.44 0.50 0.00 0.056
2 0.39 0.17 0.33 0.11
3 0.61 0.22 0.17 0.00
4 0.84 0.053 0.11 0.00
5 0.95 0.053 0.00 0.00
6 0.26 0.16 0.47 0.11
7 0.37 0.53 0.053 0.053
8 0.16 0.21 0.32 0.32
9 0.47 0.11 0.16 0.26
10 0.32 0.16 0.32 0.21

(A0, A1) : 2 DD EMOFE £ L oA
(A0,D1), (DO, A1) : EFORE & ARNEMOREA O A
(DO,D1) : 2 DORIEMRDOFEA &) L oM AR

R 10 IEFEFNEFERIZBIT D IEM OGRS 5 RRAEER D IEE
ROH G
Table 10 The validity of proposal questions based on degree

of the recognition of answer in subject experiment.

FERMBRORAE (% 1) 777 EToORME (% 2)
Q 1 2 3 4 1 2 3 4
1 0.40 0.40 0.50 1.0 [ 0.00 0.71 0.50 NA
2 0.17 0.60 0.50 0.33 | 0.00 0.25 0.67 0.00
3 NA 044 086 050 | NA 0.17 0.71 1.0
4 1.0 080 060 1.0 1.0 0.60 0.88 1.0
5 092 1.0 1.0 10|08 1.0 1.0 NA
6 0.33 0.11 050 NA 000 030 10 NA
7 0.25 0.40 0.40 NA |0.13 043 0.75 NA
8 0.00 0.00 0.25 0.33|0.00 0.08 0.67 NA
9 0.17 056 1.0 0.00 | 0.10 0.00 1.0 1.0
10 0.33 0.00 0.67 1.0 [0.29 020 0.67 NA
Ave. | 0.40 0.43 0.63 0.65 | 0.26 0.37 0.78  0.80

(% 1) FEABERORIE  BM [ COMBEOE 2 Th L SEARIT Y
OREM->TWETHL? IS T 2% [1: Fo72Mbkwv, 2
HEVASZ, 31 EHH->TVDE, 41 I {HAI>TWE]

(%2) VY97 ECTORBME EM [7/9 7 %2R TEZIZEOFEN
ALZENSPNFELER? ] ICHTAHE [1: o751k
Motz 2. I NS0T, 3 bbb ol 40 k<
5o 77 ]

HEEL L 72 2 DO Distractors 25 & & ARNIEfRZ & 55000
RITVHDTH 7272012, FEITHEHUD 2 HDEERS &
WER o/t ABNA.

6.5 REYXTLEAFEDFHMIER &FHERHER

ZITE, REOMEAHBIEK Y AT 2 OMRERH & L
THETRHDOWER, € OMBEIREERICBNTHLZT ~
= ML A HMENEEKRO THFHEER T T LD 5.
6.5.1 RIBEERDOETEA

EfFBREE & LT, PC X MacBook Pro, OS iZ macOS
High Sierra ZFIH L7z, il 57k % Python & LT, 74

1751



FHRAUIEF /A Vol.60 No.10 1738-1756 (Oct. 2019)

® 11 AR OIATR M

Table 11 The time to generate proposal questions.

o 1@%tb@i&ﬁ@hm

Question Graph  Distractors
HA )% 2.7 1.2
B RO 4.6 7.3
[T 3.7 0.8
HAWBERNE 5.3 2.2
FLAE 17.3 7.2
HAVHLAERZE 19.2 1.8

75 7 DEROEARE O X HEEME

a2 TELRD -7 nhHEYTERD ST
nEhEHTES &< TES

X6 2J 7 OERIEAE DTN (%)

Fig. 6 The subjective evaluation of the level of understanding

Question Graph.

(%) B [1RZED [Question 77 7| OHBKITE ) TL2] 12
9% 4 B REETH

[EkZE5] < & 5 BB - 7=b] OEEHREFE

22%

B 2 Z5IEROhEL e Z S5 FRbhAn
nEzHZSRS ETHZEH RS

7 [HEWRE O &) AR o 72h ] OFRBEFEM (k)
Fig. 7 The subjective evaluation of the degree shown by inter-

est of proposal questions.
(%) EM [REBEOEKEZGI ZLHFTEL L) ZMETLD]
233 % 4 B REETAl

77 1) SPARQLWrapper*1Z & ) SPARQL % %47 L 7-.
T 72, MREERII)» 25 TR 25 L, Answer (2 15
WOEN R E L ED 1B OPHELEH L
oo B, TUTT LNEFHEC 1 EZT word2vec FHETH
BHEARETIVEAIARIZH 18.00sec B L, ZDikOMEA
BIFRIZTOR 11 O L) 12k -7z,

6.5.2 MWERE T >4 — MI&DHELAOTEFHM
BEBREERICB W CHNENESEICHTL2T7 75— b O

*9 https://rdflib.github.io/sparqlwrapper/

© 2019 Information Processing Society of Japan

[#BEREZEHONZ 5 5] OXHFHE

B2 Z5BBLEN e Z53BHLAVW e EHZOIR nETHZHRS

8 [FBEMEEOONZ ) D] OXBEHN (3%)
Fig. 8 The subjective evaluation about possibility of increas-

ing an incentive to learning through proposal questions

(%) B [FRAIMELH L TFEEREEOONE ) TF
ML ATHd 5 4 BRI

[(FT=-BREZFRZ 5 H] OEEHFE

N/

a2 Z5BBhEV e Z 5 IERhAEN
nEqHZIBS ETHZHRS

9 [H7z ik % 29 H] OEBEHE (%)
Fig. 9 The subjective evaluation about possibility of gaining

some new knowledge through proposal questions.
(%) ER 8RR 2 LTI R ARE T D) T
ZxF9 5 4 BEREEH

FHEHIS R, K6, M7, M8 M9 IZFdr. 4F
2 [H72 B L 2D 2] 1ZowTiE, BET 5 N0E
WG TH o7z, F72, [ 79 7 OEROEGE | 12k
LTI 4EG5OBEED “HF Y TEhhorz” L)
EThHr—), 20IHIH TEBMOAD [HEE O L) %
M| & [He e F_"E) D] 1L T “EhHZ
IEI HEVIEE L TOZEIE)” LOHETHo722 L
"o, —EROWERE LIRSS D L WEEZ LR B
—Ji T, AR EFERE D) TH ) Bk O LEET
LD ERE TV Do,

7. ER

%9, Question Graph DIFIEEIZDOWTIE, KEERICE
A EBEHMEREHB LY v YV OIRIEIZ X 2%
BEMECHEE LSRR E Lo/, RETHETH L
FEMIE O dist BIECE R L7z v 2 &t 7 70— 58
Wy 22 BIREAE B S ERR L 22 e B2 o b, T2, HEE
KoV T “BgDZ”, “4EENE”, “HaemE” 12
MATCREVIER" 12X, 77 7OERFEIIBNT
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“URTES” 2R B 729012 ) — FOFER M OFEEED & % %
L7278, ZOV) 7 I XNVOEKRDEE LT 70 —F%
EHIZL TR, HHEE L TEKOD M8 ER T 5
7eiz, /= REF TR Y7 OFHEICOWTHEET
BILIAMTHHEEZZONS. FEBRIIRET VT X
LA ECTHEHTH7200N=FKNVE LT, FIHLHRN—
AMPBIRETEIC L DB sy v 7 iz, BARRY
BT ANERREOLORL RV E BTSN
L. THUIFIH T 23NN — ZADOHEGIZ L 2 Ok E»
2%, —H T Answer [CEET AREMIC L » TEMARN 2 T X
WIEHREFED) v 7 EEORIENH L. O Lhb,
HFER— A T Answer DFEEFEAIZDOWTEARW 22 1)
7NV EFEOY) 7SO E, =KD B I
DREIZADET, #9577 7 OMB#ERIC BT 5 HEEo
GBS LIET, XY 7T TOERICERE L 7 I
JEDEWEEER AT RRIC R b e Z LN, T2, M
NR—=A LD ¥ 7 ) — FOFEAR 7 NIVIEROFEAIZIZE
RONPHEELTBY, ZIUIAEN— ARG T 7 &
L T & 72 Question Graph I2BWTH WL DR
oz, B, AhlE/ — FiEh)i2xd LTt DBpedia -
? Redirect TEHRAFIH LT, HkN— R LFERT—/ A,
word2vec FEFE AT TN OFRLEW@ IIIHTIE L 729225 % i
LTHY, V7 7XVOFEMICH LTS T EFERD K
HETHIDTAZED R LTEZLNE, LLEOY;
4 1d, Question Graph LD ¥ 7 I L8N — Ak
DIFTFTDY) 7 TNV ERBEIIE T, 4ET
B L72E M (1) 27 S v — A4S B T REMEAS
HhH. T, AN L OFFEEE & LT, #ERE
EFRTIEEBEEM, MMAOERTIE 3 > OHERE (i
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Fig. A-1 An example of Question Graph that has as the single

answer “Socrates”.
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Fig. A-2 An example of Question Graph that has as the mul-

tiple answers “radioactive isotope (RI)” and “South-

North prime ministers meeting”.
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Fig. A-3 An example of Question Graph that has as the pair

of answers “fluorine” and “iron”.
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Fig. A-4 An example of Question Graph that has as the single

answer “Plato” (fill-in-the-blank question).
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