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Automatic Classification of Research Papers Focusing on Elemental Technologies and
Their Effects

Satoshi FUKUDA
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We propose a method for the automatic classification of research papers in terms of the KAKEN
classification index using a machine learning method. This classification index was originally devised to
classify reports for the KAKEN research fund in Japan, and it is organized as a three-level hierarchy:
Area, Discipline, and Research Field. Traditionally, researcher and conference names are used as cue
phrases to classify the research paper efficiently. In addition to these cue phrases, we focus on elemental
technologies and their effects, as discussed in each research paper. Examining the use of elemental
technology terms used in each research paper and their effects is important for characterizing the
research field to which a given research paper belongs. Therefore, we use elemental technology terms
and their effects as additional cue phrases for machine-learning-based text classification. To investigate
the effectiveness of our method, we conducted some experiments using the KAKEN and CiNii article
data. From the experimental results, we obtained average precision scores of 0.853, 0.712, and 0.615 for
the Area, Discipline, and Research Field levels in the KAKEN classification index, respectively. These
scores are higher than those for the method not using elemental technologies and their effects. From
these results, we confirmed the effectiveness of using elemental technology terms and their effects as cue

phrases.
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K4 F1IBBICET 2UESE 2RI LIZSE ORER KO MRR Oft R

R MRR
@1 @2 @3

Title Abst Ave. Title Abst Ave. Title Abst Ave. Title Abst Ave.

#£%2 KNN(©WNaive) 0.778 0.832 0.805 0.913 0.953 0.933 0.952 0.976 0.964 0.859 0.900 0.880
FE KNN(Sum) 0.822 0.878 0.850 0.930 0.964 0.947 0.957 0.986 0.972 0.888 0.927 0.908
KNN(List) 0.827 0.877 0.852 0.925 0.966 0.946 0.962 0.984 0.973 0.889 0.928 0.909
KNN(Weak) 0.828 0.877 0.853 0.927 0.964 0.946 0.958 0.985 0.972 0.888 0.927 0.908

SVM 0.737 0.815 0.776 0.835 0.892 0.864 0.873 0.938 0.906 0.799 0.869 0.834

te#: B_KNN(List) 0.815 0.852 0.834 0.921 0.944 0.933 0.958 0.976 0.967 0.880 0.909 0.895
FE B_KNN(Weak) 0.813 0.853 0.833 0924 0.944 0.934 0.964 0980 0972 0.882 0911 0.897
B_SVM 0.750 0.777 0.764 0.854 0.878 0.866 0.892 0.910 0901 0.815 0.838 0.827

# 5 H2MREIZR T DTN E 2RI LIS E OREE R LU MRR Ofi 5]
TR MRR
@1 @2 @3

Title Abst Ave. Title Abst Ave. Title Abst Ave. Title Abst Ave.

%  KNN(©Naive) 0.623 0.688 0.656 0.782 0.849 0.816 0.852 0.905 0.879 0.726 0.787 0.757
F¥E KNN(Sum) 0.667 0.753 0.710 0.811 0.871 0.841 0.879 0.918 0.899 0.760 0.824 0.792
KNN(List) 0.676 0.744 0.710 0.828 0.880 0.854 0.872 0.925 0.899 0.767 0.832 0.800
KNN(Weak) 0.670 0.754 0.712 0.810 0.872 0.841 0.880 0.916 0.898 0.763 0.829 0.796

SVM 0.572 0.685 0.629 0.663 0.781 0.722 0.709 0.822 0.766 0.633 0.747 0.690

e B_KNN(List) 0.677 0.715 0.696 0.815 0.844 0.830 0.866 0.902 0.884 0.763 0.800 0.782
Fi1E  B_KNN(Weak) 0.672 0.717 0.695 0.812 0.853 0.833 0.874 0.911 0.893 0.764 0.805 0.785
B_SVM 0.591 0.637 0.614 0.710 0.753 0.732 0.764 0.803 0.784 0.669 0.712 0.691

£ 6 3 MEICRT DML 2RI LIZSE OFER LU MRR OFF R

T MRR
@1 @2 @3

Title  Abst  Ave. Title Abst Ave. Title Abst Ave. Title Abst Ave.
#£% KNN(Naive) 0.523 0.583 0.553 0.693 0.747 0.720 0.758 0.811 0.785 0.630 0.686 0.658
Fit KNN(Sum) 0.569 0.636 0.603 0.725 0.790 0.758 0.787 0.837 0.812 0.670 0.732 0.701
KNN(List) 0.588 0.641 0.615 0.744 0.800 0.772 0.790 0.852 0.821 0.683 0.738 0.711
KNN(Weak) 0.570 0.642 0.606 0.730 0.790 0.760 0.789 0.845 0.817 0.671 0.732 0.702
SVM 0.527 0.607 0.567 0.634 0.708 0.671 0.666 0.765 0.716 0.591 0.677 0.634
e B_KNN(List) 0.574 0.603 0.589 0.724 0.733 0.729 0.776 0.795 0.786 0.667 0.690 0.679
Fit B_KNN(Weak) 0.572 0.607 0.590 0.730 0.739 0.735 0.790 0.809 0.800 0.671 0.697 0.684
B_SVM 0.502 0.561 0.532 0.634 0.654 0.644 0.686 0.715 0.701 0.585 0.628 0.607

£T FH1IBEREICZE ﬁéﬁf’”“@%: & @Eﬁﬂ%&(hu 11F)

T HEFF B A R A B

Title Abst Title  Abst Tltle Abst  Title Abst Title Abst

KNN(Weak) 218/260 245/260 37/60 54/60 40/70 41/70 16/20 17/20 68/80 74/80

B_KNN(Weak) 213/260 231/260 31/60 48/60 39/70 38/70 12/20 15/20 71/80 70/80

= 3R ez LB BRI B F P AW

Title Abst Title Abst Title Abst Title Abst Title Abst

KNN(Weak) 342/360 333/360 26/30 21/30 7/20 12/20 67/80 70/80 7/20  12/20

B_KNN(Weak) 339/360 340/360 23/30 19/30 7/20 12/20 68/80 70/80 10/20 10/20
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# 9 KNN(List) FEIZBW T Y AT A0

K8 H3PEIEIT T DATIE B DK (AL 1)

KNN(List) 7% & B_KNN(List) 4%
Feil U CREEE DS [A) | U 7 P9840 BF D 45

NN EB e A DR
BT
Title Abst Title Abst Title Abst
KNN 0.60 1.00 0.70 0.60 0.80 0.80
(List)
B_KNN 0.40 0.70 0.50 0.30 0.50 0.70
(List)
KNN(List) £ & B_KNN(List) P& %
Pl U TR EE DMK F L 7258 50 BF D 4l
HERERTRE - JREREREE S A
Wk EEEEY  (GEED)
Title Abst Title Abst Title Abst
KNN 040 020 0.10 0.40 0.50 0.60
(List)
B_KNN 0.60 030 0.30 040 0.60 0.70
(List)
KNN(List) FIEIZ W The b R DME
> [ WFIE 53 B Dl
ISR APRREN EMRIET
— &
Title Abst Title Abst Title Abst
KNN 0.10 0.30 0.00 0.30 0.00 0.20
(List)

B_KNN 0.10 0.30

(List)

0.00 0.20

0.00 0.10

=]

o~

> TG L7 gE45 B ol

Correct field B_KNN(List) & kb U TR E DMK T L7-WF9E 50 B (3% 8 HhEY)
Title Abst

IERERT L - o &Eit (1 o LT (2)
bt ® HPEMINT - 4LF (1) o &yt (1)

o LHYME - fEETE (1) e BMEMNT - E (1)
FEREER R - o LAEES (4) o LAEESE 1)
HAfE S o LHEWMES (2 ® LEE - HHiE (1)

® R (1) o E¥AKRYE (1)
A o HAWERY: (2) ® JilEREY (2
(FHEY) o LAEEY (1) o U /LR%F (1)

® MEEAEL - Mt (1) o LAREEIZAT LA (1)

Correct field

KNN(List) FHEICB W TR BB EMED - 720F3E 0% (£ 8 TEY)

Title

Abst

JE B — %

FF 115 (2)

P )= - lE (2)

kL (1)

A - BRI E (3)
FFHE (1)
WrzesHE % (1)

R

AT (4)
H SR (1)
R - fR4E% (1)

REAHEY (2)
PR - ALY (2)
it R (1)

MR RN RN (2)
AT (D
SEZ i (1)

fEBRENEE (2)
gAML (2)
P (2)
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10 FH3PEE O BB Th S U2 SN & 2 DR OB

FEMEER R - S ES )i R IE

eI 2h =35 IES
Z v bk (65) #pm (101) g (79) e (106)
~ A (60) &M (87) ~ A (66) Bt (93)
72 /W (38) #Efnf (87) J R (45) kg (80)
TA VA (3T EE (52) TANA (43) IEPE (70)

)i B 2 — JSHYES - BT
B R B R
WL (58) Kk (88) L —H— (87) FEME (114)
L—H— (40) R (83) HoiEk (73) W E (105)
HLEK (37) #EE (79) 77 AN (34) B (79)
L X (21) JE % (58) L X (31) JE . (57)

# 11 Abst 7—¥ & v MBI 2 EEFTOERLIN, EEFOERENTE L OWEE F o) FEL B 2 Hl
TMMAT=HE OKE R LUV MRR O H

KNN(List) T F1)E oM e CiRlEE

A5 EMHE K MRR R MRR i MRR
@1 @2 @3 @1 @2 @3 @1 @2 @3

ALL 0.877 0.966 0.984 0.928 0.744 0.880 0.925 0.832 0.641 0.800 0.852 0.738

(KNN(List))

TITLE_TECH  0.856 0.939 0.977 0.910 0.719 0.843 0.895 0.800 0.613 0.741 0.802 0.698
NOLOGY

ABST TECH 0.855 0.958 0.979 0.912 0.720 0.865 0.914 0.811 0.609 0.761 0.820 0.705
NOLOGY

ABST EFFECT 0.870 0.960 0.985 0.923 0.737 0.875 0.917 0.820 0.631 0.775 0.830 0.724
(ATTRIBUTE

and VALUE)

NOTHING 0.852 0.944 0.976 0.909 0.715 0.844 0.902 0.800 0.603 0.733 0.795 0.690
(B_KNN(List))
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