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An Automatic Evaluation Method for Summarization Systems

with Extended String Subsequence Kernel

TsuToMU HIRAO," MANABU OKUMURA' and HIDEKI ISOZAKIt

Recently, several evaluation workshops for automatic summarization are held. These eval-
uation workshops employ human evaluations, which are essential in terms of achieving high
quality evaluations results. However, human evaluations require a huge effort and the cost
is considerable. Moreover, we cannot automatically evaluate a new system even if we use
the corpora built for these workshops, and we cannot conduct re-evaluation experiments. In
order to promote the study of automatic summarization, we need an accurate automatic eval-
uation method that is close to human evaluation. In this paper, we present an evaluation
method that is based on extended string subsequence kernel that measure the similarities
between texts considering their substructures. We conducted an experiment using automatic
summarization evaluation data developed for Text Summarization Challenge 3 (TSC-3). Our
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method shows higher correlation than ROUGE family with human evaluation.
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Table 1 Components of vectors corresponding to S1 and S2 (d is the length of the subsequences).

subsequence S1 S22 | d | subsequence S1 S22 | d | subsequence S1  S2
Becoming 1 1 Becoming-is A2 A2 astronaut-DREAM 0 \?
DREAM 1 1 Becoming-my A3 a3 astronaut—ambition 0 A2
SPACEMAN 1 1 SPACEMAN-DREAM | X3 )2 astronaut—is 0 1
a 1 0 SPACEMAN-ambition | 0 A2 astronaut-my 0 A
ambition 0 1 SPACEMAN-dream A0 cosmonaut-DREAM | A®> 0
an 0 1 SPACEMAN-great 220 cosmonaut—dream 220
astronaut 0 1 SPACEMA N-is 1 1 cosmonaut—great A2 o
cosmonaut 1 0 SPACEMAN-my A A cosmonaut—is 1 0
dream 1 0 a-~DREAM D) cosmonaut—my A 0
great 1 0 a-SPACEMAN 1 0 great—-DREAM 1 0
is 1 1 2 | a—cosmonaut 1 0 2 | great—dream 1 0
my 1 1 a—dream Ao is-DREAM A2
Becoming-DREAM N a—great A% 0 is—ambition 0 A
Becoming-SPACEMAN | X\ A a—is A 0 is—dream 220
Becoming—a 1 0 a—my 220 is—great A 0
Becoming—ambition 0 At an-DREAM 0 A8 is—my 1 1

2 | Becoming-an 0 1 an—-SPACEMAN 0 1 my-DREAM A 1
Becoming—-astronaut 0 A an—ambition 0 A3 my—ambition 0 1
Becoming—cosmonaut A 0 an—astronaut 0 1 my—dream A 0
Becoming-dream A0 an—is 0 A my-—great 1 0
Becoming—great Ao an—my 0 A2
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Table 2 The relationship between topics and reference
summary creators, i.e., human assessors.

topic-ID | Dy Ds D3 Ds Ds
1-6| A E D C B
7-12 | B A E D C
13-18| C B A E D
19-24 | D C B A E
25-3 |E D C B A

03 OD0oO0o0oOoobOOoobDOoOooOooooo
Table 3 Evaluation results by human judgments on each
data set.
short

sysl sys2 sys3 sys4d sysb sys6 sys7 sys8 sys9 syslO
Dy |.319 .215 .236 .318 .290 .365 .271 .280 .151 .273
D5 |.304 .213 .229 .287 .290 .311 .248 .255 .146 .238
D3 |.302 .204 .264 .323 .280 .299 .290 .282 .149 .248
Dy |.294 .208 .249 .316 .300 .300 .305 .282 .159 .268
D5 |.304 .212 .243 .336 .286 .316 .310 .329 .147 .251

long

sysl sys2 sys3 sys4 sysb sys6 sys7 sys8 sys9 syslO
D1 |.298 .221 .311 .322 .330 .392 .273 .300 .261 .278
D2 |.285 .185 .290 .298 .290 .319 .272 .275 .230 .259
D3 |.307 .245 .313 .339 .324 .356 .299 .336 .234 .277
Dy |.316 .221 .313 .321 .330 .322 .304 .306 .265 .277
Ds|.328 .243 .300 .343 .337 .334 .308 .330 .251 .293
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Table 4 Correlations between human judgments.

goooooooooo oooooooooooog
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Dl D2 D3 D4 Ds Dl D2 D:} D4 DS
D;|1.00 .968 .903 .902 .888|1.00 .976 .842 .697 .758

Dy|— 1.00 .916 .910 .878|— 1.00 .830 .733 .733
D3 1.00 .972 .962 1.00 .842 .879
Dy|— — — 1.00 .954|— — — 1.00 .818
Ds|l— — — — 1.00/— — — — 1.00

long
Dy Dy D3 Dy Ds |Di D2 Dz Dy Ds
D;|1.00 .908 .864 .822 .786|1.00 .964 .915 .939 .855

Dy|— 1.00 .896 .963 .903|— 1.00 .915 .952 .879
Ds 1.00 .862 .938 1.00 .842 .891
Ds|— — — 1.00 923 — — — 1.00 .903
Ds|— — — — 1.00/— — — — 1.00
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WSK-based method
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Table 5 Results obtained with Pearson’s correlation coefficient (short).
D, Do D3 Dy Ds Davg Average

case stop | case stop | case stop | case stop | case stop | case stop | case stop
ROUGE-1 965 .884 | .931 .888 | .952 .903 | .937 .879 | .967 .894 | .968 .901 | .953 .891
ROUGE-2 943 .960 | .836 .880 | .889 .932 | .861 .906 | .907 .949 | .907 .946 | .890 .929
ROUGE-3 .906 .936 | .759 .814 | .834 .882 | .786 .846 | .859 .906 | .858 .905 | .834 .882
ROUGE-4 877 914 | 725 752 | .810 .844 | .729 .793 | .827 .861 | .836 .875 | .801 .840
ROUGE-L 777 919 | 683 789 | .860 .882 | .867 .875 | .908 .897 | .884 .908 | .830 .878
ROUGE-S* | .914 .934 | .887 .805 | .955 .890 | .937 .872 | .947 .910 | .943 .893 | .930 .884
ROUGE-S9 | .938 .926 | .890 .765 | .942 .844 | .906 .789 | .941 .875 | .949 .860 | .928 .843
ROUGE-S4 | .945 .930 | .865 .772 | .918 .852 | .889 .810 | .934 .885 | .936 .871 | .914 .853
ROUGE-SU* | .914 .934 | .888 .805 | .955 .890 | .938 .872 | .947 .910 | .943 .893 | .931 .884
ROUGE-SU9 | .935 .929 | .899 .783 | .949 .854 | .917 .808 | .945 .887 | .953 .871 | .933 .855
ROUGE-SU4 | .943 .936 | .891 .802 | .939 .869 | .917 .839 | .948 .902 | .952 .889 | .932 .878
FIT2(B =2) .942 .927 .952 .921 .961 .963 .944
FI52(3 =3) .929 .943 .958 .928 .968 971 .950
Fi3(3=2) .939 .923 .943 .919 .944 .963 .939
FIT3(B =3) .927 .933 .944 .920 .948 .968 .940
Fi(B=2) .921 .900 .926 .897 .925 .959 .921
FIT4B =3) .909 .900 .924 .888 .927 .960 918
FiZ2(8=2) .939 .900 .938 .897 .949 .948 .928
FI32(3 =3) .928 .921 .949 .909 .959 .961 .938
FiZ3(8=2) .938 .902 .928 .886 .943 .947 .924
FIZ3(8=3) .928 .922 .937 .895 .952 .959 .932
FiZ4(B=2) .929 .896 914 874 .934 .944 .915
FI54B =3) .918 .915 .920 .879 .942 .955 921

06 0000000000000000000Oshortd
Table 6 Results obtained with Spearman’s ranking correlation coefficient (short).
D, Do D3 Dy Ds Davg Average

case stop | case stop | case stop | case stop | case stop | case stop | case stop
ROUGE-1 088 .964 | .842 .891 | .952 .915 | .842 .855 | .915 .806 | .915 .915 | .909 .891
ROUGE-2 927 976 | 770 .794 | .927 .964 | .855 .842 | .891 .903 | .842 .867 | .867 .891
ROUGE-3 .879  .927 | .588 .697 | .806 .927 | .818 .818 | .806 .891 | .721 .842 | .770 .850
ROUGE-4 .818 .879 | 721 .697 | .806 .891 | .746 .746 | .721 .746 | .709 .721 | .753 .780
ROUGE-L .830 .927 | .600 .661 | .818 .927 | .818 .806 | .952 .915 | .842 .830 | .810 .844
ROUGE-S* | .939 .939 | .818 .673 | .915 .855 | .818 .794 | .891 .879 | .903 .782 | .881 .820
ROUGE-S9 | .964 .879 | .745 .600 | .927 .758 | .794 .721 | .867 .758 | .879 .697 | .863 .736
ROUGE-S4 | .988 .879 | .745 .600 | .927 .794 | .770 .721 | .891 .806 | .867 .697 | .865 .749
ROUGE-SU* | .939 .939 | .818 .673 | .915 .855 | .818 .794 | .891 .903 | .903 .782 | .881 .824
ROUGE-SU9 | .952 .879 | .745 .600 | .927 .758 | .794 .721 | .915 .806 | .879 .697 | .869 .744
ROUGE-SU4 | .964 .891 | .794 .600 | .964 .867 | .794 .794 | .915 .879 | .879 .758 | .885 .798
Fi2(8=2) .952 .879 .903 .855 .927 .879 .899
FI52(B =3) .952 915 .903 .891 915 .952 .921
FI3(3=2) .964 .867 .952 .867 .927 .927 917
Fi3(8=3) .964 .891 .952 915 .927 .927 .929
FIT4YB =2) .927 .830 .952 .867 915 .927 .903
FiT4(B =3) .927 .842 .988 .842 .927 .927 .909
FI52(3 =2) .976 794 .855 .830 .903 .867 871
FIZ2(8=3) .952 .842 .867 .830 915 .891 .883
FI53(3 =2) .976 794 .867 .818 .903 .879 .873
FI33(3 =3) .976 .879 915 .855 .903 .879 .901
FIZ4(5 =2) .964 794 .952 .818 .903 .867 .883
FIZ4(8 =3) .964 .867 .952 .855 .903 .927 911
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Table 7 Results obtained with Pearson’s correlation coefficient (long).
D, Do D3 Dy Ds Davg Average

case stop | case stop | case stop | case stop | case stop | case stop | case stop
ROUGE-1 .906 .876 | .919 .916 | .945 .798 | .897 .891 | .935 .892 | .931 .932 | .922 .884
ROUGE-2 .886 .930 | .788 .941 | .959 .976 | .834 .616 | .811 .938 | .859 .951 | .856 .892
ROUGE-3 873 .909 | .717 .849 | .961 .975 | .826 .431 | .763 .848 | .837 .902 | .892 .819
ROUGE-4 .850 .890 | .651 .787 | .953 .965 | .836 .292 | .707 .774 | .815 .873 | .802 .763
ROUGE-L .840 .917 | .812 .861 | .875 .946 | .829 .847 | .832 .901 | .870 .932 | .843 .901
ROUGE-S* | .864 .811 | .954 .743 | .932 .893 | .547 .707 | .989 .855 | .944 .814 | .872 .804
ROUGE-S9 | .904 .829 | .948 .705 | .955 .924 | .586 .701 | .953 .782 | .950 .805 | .883 .791
ROUGE-S4 | .921 .868 | .928 .730 | .971 .947 | .620 .785 | .944 .793 | .950 .844 | .889 .828
ROUGE-SU* | .863 .812 | .954 .744 | .932 .894 | .547 .709 | .989 .856 | .944 .815 | .872 .805
ROUGE-SU9 | .903 .840 | .951 .735 | .953 .932 | .617 .730 | .960 .802 | .953 .824 | .890 .810
ROUGE-SU4 | .920 .876 | .945 .778 | .966 .951 | .663 .814 | .960 .826 | .959 .865 | .902 .852
FIT2(B =2) .941 .957 .987 .967 .945 .978 .962
FI52(3 =3) .939 .962 .959 .959 .952 974 .958
Fi3(3=2) .926 .954 971 .953 .930 .975 .951
FIT3(B =3) .920 .947 .938 .904 .928 .957 .932
Fi(B=2) .900 .932 .949 .890 .906 .962 .923
FIT4B =3) .892 .921 911 .819 .897 .936 .896
FiZ2(8=2) .931 .923 .983 .936 .938 .960 .945
FI32(3 =3) .932 .939 .967 .950 .950 .967 .951
FI33(3 =2) .924 .921 977 .934 .923 .962 .940
FIZ3(8=3) .920 .929 .953 .919 .931 .957 .935
FiZ4(B=2) .910 .913 .962 .908 .903 .955 .925
FI54B =3) .903 .913 .930 .866 .905 .941 .910
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Table 8 Results obtained with Spearman’s ranking correlation coefficient (long).
Dl D2 D3 D4 D5 Davg Average

case stop | case stop | case stop | case stop | case stop | case stop | case stop
ROUGE-1 .818 .830 | .903 .806 | .891 .867 | .867 .855 | .818 .770 | .867 .891 | .861 .837
ROUGE-2 721 .891 | 721 .855 | .927 952 | .794 .648 | .745 .794 | .867 .939 | .796 .847
ROUGE-3 758 .842 | .636 .745 | .964 .964 | .806 .564 | .673 .709 | .794 .927 | .772 .792
ROUGE-4 685 .794 | .564 .612 | .952 .952 | .830 .455 | .600 .576 | .697 .842 | .721 .705
ROUGE-L 770 .842 | 612 .576 | .891 .903 | .709 .636 | .661 .782 | .915 .915 | .760 .776
ROUGE-S* | .879 .770 | .818 .636 | .939 .867 | .553 .697 | .879 .770 | .903 .879 | .829 .770
ROUGE-S9 | .806 .745 | .758 .576 | .939 .891 | .564 .612 | .758 .697 | .939 .891 | .794 .735
ROUGE-S4 | .855 .758 | .794 .576 | .952 .915 | .612 .709 | .745 .612 | .927 .891 | .814 .744
ROUGE-SU* | .879 .770 | .818 .636 | .939 .867 | .527 .697 | .879 .770 | .903 .879 | .824 .770
ROUGE-SU9 | .806 .758 | .806 .576 | .939 .891 | .564 .673 | .758 .709 | .952 .891 | .804 .750
ROUGE-SU4 | .842 .709 | .770 .576 | .976 .915 | .733 .770 | .745 .697 | .939 .891 | .834 .760
FIT2(3 =2) .842 .927 .976 .903 .818 .952 .903
FIT2(3 =3) .855 .903 .976 .903 .855 .952 .907
Fi3(8=2) .818 .927 .988 .879 .830 .964 .901
FI53(3 =3) 758 .903 .976 709 .842 .952 .857
FIT4B =2) .661 .903 .964 733 782 .927 .828
FIE4(B =3) .588 .903 .976 673 758 .879 796
FIZ2(3 = 2) .818 .867 .964 .806 770 .952 .863
FI32(3 = 3) .818 .867 .939 794 .830 915 .861
FIZ3(8=2) .806 .855 .952 733 746 .952 .841
FiZ3(8=3) .806 .818 .952 794 .806 .915 .849
FiZi(3=2) .806 .855 .952 .697 770 .915 .833
Fi=4(8 = 3) 746 .855 .952 770 782 .879 .831
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Table 9 Average scores assigned by automatic evaluation
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Table 10 Best scores of r for various values of A and 3.
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