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Class Lecture Summarization Based on Important
Sentence Extraction

Yasunisa Fuii, ! Kazumasa Yamamoro, !
NORIHIDE KITAOKA? and SEICHI NAKAGAWA !

This paper describes summarization methods based on important sentence
extraction for the summarization of class-room lecture. First, we compare two
summarization techniques; a Maximal Marginal Relevance and a feature-based
method which uses a Support Vector Machine (SVM) as a classifier. We show
that the latter is superior to the former. Second, we improve the feature-based
summarizer by three different types of approaches. In the first approach, we
propose a technique that extracts “cue phrases for important sentences (CPs)”
that often appear in important sentences and thus can be used as a feature to
the summarizer. We formulate CP extraction as a labeling problem of word
sequences and use Conditional Random Fields (CRF) for labeling. The second

approach presents a novel sentence extraction framework that takes into ac-
count the consecutiveness of important sentences based on the observation that
important sentences tend to be extracted consecutively by human. We deal with
this consecutiveness by applying this new features to a feature-based summa-
rizer. The third approach provides a way to reduce redundancy in the summary.
Experimental result shows that our method outperforms traditional sentence
extraction methods using these aproaches.
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Table 1 Details of speech materials.

ooo 00000000 man3/50
0o ID ooo 00 | Acc. [%] | Corr. [%] mans75 | mana/e - = ROUGET
L11M0011 | 67°56” | 742 47.4 55.6 0.232 0.279 | 0.462 | 0.595 0.686
L11M0012 | 54°59” | 719 31.0 37.0 0.229 0.267 | 0.489 | 0.612 0.700
L11M0031 | 65'49” | 680 54.9 60.8 0.235 0.276 | 0.484 | 0.609 0.674
L11M0032 | 71'14” | 1099 50.7 58.9 0.219 0.267 | 0.450 | 0.579 0.719
L11M0041 | 69°28” | 582 48.8 54.8 0.234 0.278 | 0.493 | 0.618 0.686
L11M0042 | 78°30” | 648 45.0 55.2 0.218 0.210 | 0.444 | 0.574 0.666
L11M0051 | 70°02” | 1749 57.1 61.4 0.227 0.277 | 0.454 | 0.586 0.703
L11M0052 | 65'23" | 1571 57.5 62.5 0.233 0.281 | 0.477 | 0.605 0.726
Average | 67'55” | 973.8 49.1 55.8 0.228 0.267 | 0.469 | 0.597 0.695
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O00Oman3/600000000000000000DO0OO0OOOOODOOOOOOOOO P(Ey=A0 BOOOUOOODO (3)
00000000 man3/60000000000000000000OOD0ODOOODOO60OO e F [

0000000000000 000000000000 500000000 300000
0000000D000man3/500000000000000000000000000
000000000000 1000000000000000000000000000
00 xO0FO0Rouge-400000000000000D000ODOOOODODOOO
O00000000000000000 £=038700000 man3/500000000
000 x=046000000000000000000000000000000000
O00Oman3/s 0000000000000000000000000Oman3/50000
000100000000 228% 000000 man3/6000000000000

23 0000
000000000000000000000000000000000 Rouge?® 00
000000000002 00000000000000000000 «xO0000x0OC?
000 FOOOOOO Rouge-N20 000000000000
o k[

x0000200000000000000000000000000D00O000O0O0

0Do0ooooood

P(A) - P(E
w= (12P(1’3()) M

00o0ooooooog Vol 51 No. 3 1094-1106 (Mar. 2010)

F OO PrecisionD000000 RecalDOOOO0O0O0OOODOOOOOOOOOOODO
gobooooboooooooboooobooboboooobooobooooDboo

Fomeasure — 2 X Precision X Recall (4)
" Precision + Recall ’

. | MNH | |MNH|
Precision = ————, Recall = ————.
| M | | H |
O000OHO MOOOOOOOOOOOOOOOOOOOOOODOODOODOOOO
e Rouge-N

Rouge-NOOOOOODOOOOOOODOOODOD NgramOOOOODOOODODO
gbobobobobobobobobobobooo™oooboobobooooobooo
goboobooboooboboo1l1booboobobooboobobooboobooo
OO0 Rouge-NOODODOOODOOODOOOO

Rouge-N

_ ZSE{Ref-Summaries} ngmNES Countumaten (gramN)

ZSG { Ref-Summaries } ngmN es Count (gramN)

000 0O Ref-Summaries 0 0 0000 0Oman3/6[0 gram, € SO0 SOO00OO

(© 2010 Information Processing Society of Japan



1097 O0O00OO0O0OOO0OO0O0O0OCOOOO00OO

N 0000 Countmaten(gramy) O gram,y 00 0000000000000 0DOOO
Count(gramy) 0 gram, 0000000000000 0D0000O0DO0O0 N=40
00 Rouge-4 00 0ODOODO

3. Joooooobooo

0000000000000MMROOOOOOOOOOOOOOOO0O0O0%919:190
0000000 feature-based 000 0000000000000 OODOO®Y000O0O
0000000000 MMROOO feature-based 0000 00000000000O00
3.1 Maximal Marginal Relevance
Carbonell 0 000000000 Maximal Marginal Relevancel MMR(? 00000
00000000000000000000000000000000000000000
000000000 15)0 6)000000000000000000000000000
MMROOODOODOOOOOOOOOODOOOODOODOODOOOOOOO0OOODO0O
0000000000000 000000000000000000000000000
0000000000000 000000000000000000 MMROOODOO
0000000000000000000000 15)00000000000000MMR
0000000000001 00000000(1)000000000000000000
S, 00000000000000000000000000000000000000S%
000 S» 000000000000 000DO000000000000000000
000000000000 00000000000000000000000000000
tf,00:000000000000000000000000000000000000
0DooDooon

tfi:(tfi,17tfi,27"'7tfi,w)7 (5)

(1 = Fo o5 (52). ©)

w

000D0f, 00000000000 wODOODOOO®»O000000000000000
00000000000000000000000000000000000000000
000000000000000000¢,,, 0 Term Frequencyd TFOOO 000000
0000000000000 00000000DO000000000000000000
0o0o00000o000000Y,, 0000 wd000000000000000 £ O
00000000000000000000000040000000000000000

00o0ooooooog Vol 51 No. 3 1094-1106 (Mar. 2010)

oooo (1) good
R=0000
N=000OOOoOooooood
ST‘k:07
Srk = ¢,
Sn’rk:{tfl7tf27"'7th}’

ZSES S
N

D= nrk
0oooo (2) 0OO
Smaz = asrgmax{)\(Sim(S, D)) — (1 — N)(Sim(S, Srk)) } (7)
0oooo (3) Ooo S
Srk ) |Srk| + Smaz
|Srk‘ +1

Spix = Spp U {Smaz}7

Snrk = Snrk - {Smax}

S'rk =

)

0000 (4) 0O0DOO
Syl > ROOOS,, 0000000000000 0OOOOOOOOOO (2)00

01 MMROOOOOOO
Fig.1 Algorithm of MMR.
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0 2 MMR O feature-based DO OO0OOO
Table 2 Summarization result of MMR and feature-based summarizer.

MMR Feature-based
noooo oot nooo K F Rouge-4 K F Rouge-4
L11MO0011 186 0.305 | 0.489 0.646 0.363 | 0.531 0.720
L11MO0012 180 0.369 | 0.532 0.614 0.336 | 0.507 0.664
L11M0031 170 0.394 | 0.553 0.625 0.424 | 0.575 0.706
L11M0032 275 0.388 | 0.546 0.703 0.499 | 0.628 0.805
Manual L11M0041 146 0.321 | 0.500 0.567 0.288 | 0.476 0.618
L11M0042 162 0.261 | 0.430 0.605 0.376 | 0.537 0.682
L11M0051 438 0.314 | 0.495 0.594 0.398 | 0.556 0.676
L11M0052 393 0.383 | 0.546 0.644 0.420 | 0.573 0.694
Average 243.8 0.342 | 0.511 0.625 0.388 | 0.548 0.696
L11MO0011 186 0.298 | 0.483 0.649 0.328 | 0.505 0.649
L11M0012 180 0.355 | 0.522 0.660 0.321 | 0.496 0.648
L11M0031 170 0.333 | 0.508 0.618 0.409 | 0.564 0.685
L11M0032 275 0.372 | 0.532 0.689 0.451 | 0.593 0.755
ASR L11M0041 146 0.321 | 0.500 0.568 0.297 | 0.482 0.636
L11M0042 162 0.339 | 0.490 0.638 0.376 | 0.537 0.682
L11MO0051 438 0.322 | 0.499 0.563 0.377 | 0.541 0.668
L11MO0052 393 0.365 | 0.532 0.629 0.439 | 0.588 0.716
Average 243.8 0.338 | 0.508 0.627 0.375 | 0.538 0.680
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Fig.2 Procedure of cue phrases for important sentences extraction.

0000 0000000000000000000&(x,y) 0000020 y0000
0000000000000000000000000(A,B)0 AD BOOODOOOO
412 CPOOOO
CPOD02000000000000000000000000000 CPOOOOO
000000000000000000000000000CRFOOO0OOOO0O0O00
000000000000000000000000000000000000 CPOODO
000000000000000000000

4.1.2.1 000000000 CPOOOOOOOO
000000000000000000000000000000000 CPOOOO
OO0CPODOOOODODODOONOODO CPODOOOONONODNODNOONOODODOCP
00000000000000D000000000/00000000000000000
080000000 30000800000000DN0N00NDNON0NONDNDNOOONONDD
00000000000000000000000000000000000 “*0000
00000 “*000000000000000000000000000000000
CPODOOOODODOODOOOOODNOO CPOOOODNOOOODD CPOOOOO
000000000 0000000000 00000000000 Cr(e)D Thy O
00@O00000000000000000000 Pr(e) = Ci(e)/(Cr(e) + Cn(e)) O
Thx 00DOO0OO0OO0O0DO000O0D000O0CN() D00 e000000000000000
0000000 Thy =100 Thg=0750000000000000000000000
00000000000000000000000000000000000000000

00o0ooooooog Vol 51 No. 3 1094-1106 (Mar. 2010)

03 00oooogooo
Table 3 Labeling rule.
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Fig.3 Labeling CPs in training data. ‘o’ describes a word in a CP candidate, and ‘-’ a word not in

the CP candidate.
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Fig.4 Graphical representation of CRF.
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oogd

Simp = argmax Z Score(S) (12)
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subject to [Simp| = R
O000ObOO0D0O00000O00DO00O00OROOODOOOOODOOODOOOOOScore(S)
OO0 8)oUoUooooooooooUooooooooooUoooooUooooo
oooooooo0ooUo/ooooooU0oUooOooOoooUoOoUoooO (12)0
gooboooobooobboobbboobbooobobooobboo

0(7‘ - 15])

g 13
g
g

g9o(i,7) = max{
o(i — 1,7 — 1) + score(i|0)

14
1(t = 1,5 — 1) + score(i|1), (14)

1, 5) = max{
000000000000 j000000000000000041(4,7) 0 go(i,7)000
gbobO:;00000000000000C0O0O0O0O0DOO0O0O0O0O0O0O:000000¢0 4
00D000D000000000000 score(i|1) O score(sj0) 000000000000
00000000000000000000+:00000000000OOO ®oUooao
goooooooooooobooooooooobooboooboooooobobo ooboo
000 R (= J/I) 000 O0max(go(I,J),¢:(1,J) 00000000000000000
goboooooooobobooooooobooo

4.3 Feature-based 000000000000
poboooboooboobooboobobo0obooboobobbobbooboo
goooobOoo0ooboooOooooooboooOoDooDooLOOoMMROOODODOO
000000000000 Ofeature-based 00 0000000000000 0O00OOOO
goooad

4.3.1 OOO0OO0OO0OODOO

310000 MMROOOOOOOOOOOOOOOOOOOOOOOOOOOOO0O0O0
oooooOoOOoODOOO0O0OOCCODOOOOO0ODODOOFeature-basedO0OOOOOODOO
ooo0o0oooOooooOoUoOoUooOoUOoUOUOOOOn (h)obOoooUoUoUoo
000000000000 smp 00000000 0DOO0:00D000O0DO0OO rdun(s) O
gobooooooooo

rdun(i) = Sim(tf;, Imp), (15)
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2scimp—i; °
Se€imp—itf;

[imp|

if tf, € tmp

Imp = (16)

S
S €imp
[imp|

000 $mOD000000000000000000000000000000000
ooooooo

4.32 O O
0000000000000000 (160000 émp000000000000000
000000000000 00000000000000000000000000000
imp000000000000000000000000D00000000000000
000000000000000000000 (150000000000000 (12)00
00000000000000000000000000000000000000000
000000000423 00000000000000000000000000000
00000000000000000000000000000000 (12)000000
000000000000 (13)0000 g(i,7) 000 ¢:(6,j) 000000000 WO
00000000000000000000000000000000 WO 300000
44 0000

44,1 000D000O0O000D0O00O0O0O0O0OO0OO00

4.4.1.1 00000 CPO
0500000000000000000000000000000000000000
00000000000000000000000000000000000000000
0000000000 4412000000

44.1.2 CPO0OODOODOOODDOOODOOOOO
CPOODDOOODOOODD40000000000000000 CPOOODOO
000004000000000000000000000000 ' 0000000CP
0000000000000000000000000000019.9%000 10.6%000
0041230000 CPOOO0O0OD0OO0OD0O0O0 CPOOOOOODOOOOOOOOODN
000000000CPOOOOONOODNOODNOOONOONONONDNOONDNONONDNOONOOD
0000400 «00000000000000000000000000000000
000000000000 Precision 100000000000000000000000
000 Precision 0000 0551 0000000000000000 Precision 0 0.559 O
000000000000000000000000000Y 000000000000

otherwise,
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gooooooooogo
O noun OO0 * noun
00000 *noun O *0O *0O
0 noun noun O noun O O
00 noun OO0 *O
gooooooo

0 noun * 0O O

goobooooooooo
goooOoooooOoooooo
oooooooooo
oooooooooo

gooooooooo
O noun noun 0 noun * 0 O ooooooooooo
000 0O noun *00 * noun goooooooooooooo
* * noun poboooooooooooo

O O * noun * noun

05 00000 CPOO*OD0O0O0D0OO0O0DMMOODDOOD CPOODOOOOODOOOOODO
Fig.5 Examples of extracted CPs (‘*’ means arbitrary words) which are extracted from the words
in parenthesis.

04 CPOOOO0DOOODOOOOOOOOOPrecisiond kO

Table 4 Important sentence extraction results based on CP extraction (Precision, x).

Trn. ooo gooo Precision K 0o CcpO
L11MO0011 240 0.479 0.307 402
L11MO0012 203 0.517 0.354 303
L11MO0031 94 0.628 0.287 129
L11MO0032 7 0.714 0.210 113

Manual | L11M0041 176 0.460 0.267 286
L11MO0042 215 0.470 0.319 361
L11MO0051 160 0.525 0.143 221
L11MO0052 128 0.617 0.173 186

Average 161.6 0.551 0.258 250.1
L11MO0011 230 0.435 0.232 364
L11MO0012 165 0.497 0.282 248
L11MO0031 81 0.531 0.184 99
L11MO0032 52 0.731 0.152 59

ASR L11MO0041 124 0.516 0.272 184
L11MO0042 173 0.509 0.330 256
L11MO0051 115 0.574 0.128 149
L11MO0052 96 0.677 0.157 131

Average 129.5 0.559 0.217 186.3

Precision 00000000 TF O Repeated words 00O 000000 OOOOOCOOO
0000O0DO0O0ODO0O0O0 o56600.532000000000000000O 0.55600.548
goooooooooocpOOO0U0U0OOOOUOO0ODOOO0ODOOOOOODOOOODOO
godoooooooooOoobcpOOOO0O0ODOOOO0ODOOOUODOOOUOODODODOO
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05 CPOODO0OOOODOOOOOOOOOOOOOOOOODOOOOODOODODOOOOO
Table 5 Summarization result with CP feature and features which take into account
consecutiveness of important sentences and redundancy.

Trn. Condition K F Rouge-4
ooooo 0.388 | 0.548 0.696
0O0O00O04+CP | 0.382 | 0.544 0.692
Manual | + @ 0.384 | 0.545 0.693
+ @ 0.394 | 0.552 0.706
+ @+ @ 0.401 | 0.558 0.711
+ DO+ @+ @ | 0404 | 0.560 0.711
0oooo 0.375 | 0.538 0.680
0O0O0o0O0+CP | 0.381 | 0.543 0.689
ASR + @ 0.384 | 0.545 0.691
+ @ 0.381 | 0.542 0.694
+ O+ @ 0.395 | 0.553 0.702
+ DO+ @+ @ | 0391 | 0.550 0.699
Human 0.469 | 0.597 0.695

% 000000 3.21000000000@0@ 00000
000000000000000

04413000000

goocpO0fooooooOoOoOoOoOO0UOooOoOoooooooooooooDoooDOo
161.60017% M 00000000000000000 12950013%000000x00
goboooooboooobooobooooo

4.4.1.3 CPO0O0ODOOOOOOCOOOOOOOOOOOO

CpO00O 321000000000000000000SB0000CPOODOOOODO
gooooooooooooooboooooboooooooooooooooboooboboo
goooboboooooooobooooooooboooOobOoOoO0oooobooOoboOoOooooDooboo
cpO000000O0O0OO0DOOOOUOOODOOOO0OOOOOOOOOOOOOOOOOOODn
gooooooooooobooooboooboooooobooo0oooooOooooooobooOoboo
O00o0o00o0o0oo0o0oooooOooo0ooooooooo cpOOOUOOOOOO
odoo0ooooouoUoo/oooUoU0o0ooOooOOoUoOULOU0bDOooDOoUOOoOoOoOo
00000000o0oo0o0oooooOo0ooooooo0ooooooocCcpPOOOOO
ooooooooooOoooooooO0ooOoooooOooboOoOocpO0OOOOOOOOO
oooomooooooo odoooooooodoooooooooooooonod
gooooooOO0o0ooooooooobobOOo00oooooooooooOoOoomo o *
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050032100000 CpPO000O0O0OO04220000000000000000
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0.0140 Rouge-4 0 0.01900000000000O00000 00 0.0140 F OO 0.0100
Rouge-4 0 0.01300000000000000000C0000O0O0OO0OC0OO0OODOO
goooooooooooooooooooooooooooboooooobooooooboo
gooooooooooboooooooooboooboooOobOoooobooboOoooDboonoo
gbooobooooboooboooobooooooooooooOoOoboboooboOobobooDo
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44.3 O0O00DO0OOOOOODOOO
Os000000oooboobooo4310bo0oooboooooooboboOoooo
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0500 Ak =0.0130 AF =0.0100 ARouge-4 =0.0120000000000000 1
000 Accuracy 0000 49.1%0 Correct 0000 55.8%0 0000000000000
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