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Abstract: In this paper, the bibliometrics approach in conjunction with the Research Leadership Index (RLI) was used to
compare and assess the scientific research performance and innovation level of the major producing nations of natural
rubber on 12 Research Fronts. The Research Fronts of each nation were revealed to enter the innovation excellence po-
sition, innovation forefront position, and innovation rank position, as well as the status of innovation catching up posi-
tion and innovation gap, from three major research areas of agriculture and plant science, ecology and environmental
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science, chemistry and material science. China has grown to be a significant player in global natural rubber research,
with the highest RLI score globally. The United States comes in second with a score roughly 65% of that of China.
France, Germany, Thailand, India, and Malaysia are ranked third through seventh, respectively, with France, Germany,
and Thailand being in the same active cascade as India and Malaysia. The United States and France are currently in the
innovation excellence position in the majority of the Research Fronts (more than 50.00%), while China has entered the
position in 100% of the Research Fronts. There is a large Research Front gap between the countries of Germany, Thai-
land, India, Malaysia and the countries of China, the United States, and France. 16.67% of the Research Front in Ger-
many, Thailand, India, and Malaysiais still in the innovation catching up stage. In all three of these lucrative industries,
where China excels at invention, the country has taken the lead. The performance of the other six nations variesin sev-
eral areas. In the fields of agriculture and plant science, Germany, Thailand and Malaysia, have taken the innovation
leadership and ranked positions, respectively, while India is in the innovation catching up position. The United States
and France have entered the innovation excellence position. While India lags behind, the United States and France fare
better than Germany, Thailand, and Malaysia. The United States and Germany have taken the top spots for innovation
and excellence in the field of ecological and environmental science. France, Thailand, India, and Malaysia are still lag-
ging behind in terms of innovation. The performance of the United States and Germany is superior, whereas that of
France, Thailand, India, and Malaysia is subpar. In the fields of chemistry and materials science, the innovative excel-
lence position has been attained by 50.00% of the Research Front in the United States and France, 30.00% in Thailand
and India, 20.00% in Germany, and 10.00% in Malaysia. In the United States and France, 50.00% of the Research Front
has joined the innovation forefront position and the innovation rank position, while India is at 70.00%. At 60.00%,
50.00%, and 80.00%, respectively, Germany, Thailand, and Malaysia are in the innovation forefront position and inno-
vation rank position, but 20.00%, 20.00%, and 10.00% of the Research Front are still in the innovation catching up po-
sition. The six nations perform fairly evenly in this regard, but the United States, France, and India outperform Germany,
Thailand, and Malaysia by a small margin.

Keywords: natural rubber; research fronts; Research Leadership Index (RLI); influence index; output index; active index
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Fig. 2 Geographic distribution of Research Leadership Index (RLI) of Top 15 countries in three broad research areas
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Tab.1 Top 15 countries in three broad research areas with Research Leadership Index (RLI), Research
Fronts Output Index (RFOI), Research Fronts Influence Index (RFI1)

% ST HTIFABE 5 8 RLI E R 5Tk E RFOI FE Z 0 EE RFI
Country 544y Score HE4 Ranking 1541 Score HE4 Ranking 84y Score HE4% Ranking
I 9.49 1 5.23 1 4.26 1
S| 6.15 2 2.07 2 4,08 2
2% 3.90 3 1.86 5 2.04 3
1 3.68 4 1.95 4 1.73 4
I 3.02 5 2.03 3 1.00 5
EnRE 2.40 6 1.42 6 0.98 7
HoRPy 2.05 7 1.17 7 0.88 9
HA 1.64 8 0.74 8 0.90 8
B 1.52 9 0.53 10 0.98 6
(LI 1.23 10 0.63 9 0.60 10
JIESN 1.02 11 0.46 11 0.55 11
| 0.96 12 0.43 13 0.53 12
L g 0.87 13 0.45 12 0.42 13
RRA 0.74 14 0.37 14 0.37 14
ENEE RV 0.44 15 0.27 15 0.17 15
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g EHEA 5 1 AT 5 91.67%, TE [ (5 8.33%.
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AR S 1 BRI RO 7 A I8 i i (2
AL EE (LAY MEE (04), ALt
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SERTITRE IR B4 AT 3 RS ECh 12 4, 5
100.00% ., 3 [ F172: [ #4525 FcHE 24 T 3 M RTVA 4K
53R 7 AN 6 A4, 43l 58.33%F1 50.00%.
faE ., REMENESA 3 AT HEAET 3, &b
25.00%. 5k PU A 1 ETEHEA AT 3, 15 8.33%.
A 2ERL GO R, Hh E A = AE R HE 44
B 3 BRI 5 L0 100%, st A2 3 78 =K
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Tab. 2 Research Leadership Index (RLI) of Top 15 countries in three broad research areas with different areas
=R HtaE B H AR dl L s
Thesbrosdrewarch  Aghoulud gt Ecologcn andemironmena {6 IR
P e :reas ¢ 9 |cusé:enczns plen cologie s?:ri‘enie\g onme Chemistry and materials science
Country
343 He# 1341 H# (Eiy H# (E H#
Score Ranking Score Ranking Score Ranking Score Ranking
[ 9.49 1 0.78 2 0.50 2 8.21 1
B 6.15 2 0.88 1 0.70 1 4.58 2
% 3.90 3 0.27 5 0.09 8 3.39 3
it ] 3.68 4 0.43 3 0.08 9 3.13 4
g 3.02 5 0.05 12 0.04 12 2.66 5
Ep g 2.40 6 0.12 7 0.03 13 2.32 6
LR 2.05 7 0.11 0.09 7 1.90 7
H A& 1.64 8 0.16 6 0.38 3 1.17 9
Ea 1.52 9 0.02 15 0.07 11 1.16 10
YL 123 10 0.07 11 0.22 6 1.18 8
JIESN 1.02 11 0.03 14 0.03 14 0.73 12
| 0.96 12 0.08 10 0.29 4 0.91 11
(A 0.87 13 0.11 8 0.25 0.67 13
RRA 0.74 14 0.03 13 0.01 15 0.65 14
E[ B2 J& PU L. 0.44 15 0.39 4 0.08 10 0.08 15
#3 ZAERGE Top 7 ERAERBHZE LNWALAHEM L
Tab. 3 Number and ratio of the Research Fronts (RFs) in which the respective Top 7 countries rank first in
three broad research areas (based on RLI)
I HEA 5 1 TV B0 Y e Number and ratio of ranking 1st RFs
Bk [CIEDE:R R : -
Area No.of RFs Ll Fe [ % e=3Es| EES| Ep 5 i 2
China USA France Germany Thailand India Malaysia
VAT 1 0(0) 1(100.00%) 0(0) 0(0) 0(0) 0(0) 0(0)
ERE BRI 1 0(0) 1(100.00%) 0(0) 0(0) 0(0) 0(0) 0(0)
b2 5 MR Rl 2 10 7(70.00%) 0(0) 2(20.00%) 1(10.00%) 0(0) 0(0) 0(0)
= KR 12 7(58.33%) 2(16.67%) 2(16.67%) 1(8.33%) 0(0) 0(0) 0(0)
x4 ZKRERGUE Top 7 ERBEREEHZF SMETEHEMSLL
Tab. 4 Number and ratio of the Research Fronts (RFs) in which the respective Top 7 countries rank
Top 3 in three broad research areas (based on RLI)
A . HEZFiT 3 RTVEECRT 4 e Number and ratio of ranking Top 3 RFs
R SR -
Area No. of RFs i ESs e EE| T ] # BNz P
China USA France Germany Thailand India Malaysia
Ak SR 1 1(100.00%) 1(100.00%)  1(100.00%) 0(0) 0(0) 0(0) 0(0)
M SRR 1 1(100.00%) 1(100.00%) 0(0) 1(100.00%) 0(0) 0(0) 0(0)
fh25 5 R R 2 10 10(100.00%) 5(50.00%) 5(50.00%) 2(20.00%) 3(30.00%) 3(30.00%)  1(10.00%)
=R 12 12(100.00%) 7(58.33%) 6(50.00%)  3(25.00%) 3(25.00%) 3(25.00%)  1(8.33%)

IR I PR R X S e, A E SR S
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R E ML 38 EAE L 5 A R R AR G

[ i Lt oA 50.00%. 72 [ 7E 3 AU HES /T 3 19T
W i He R 50.00%,  fb2E 50 RERR2E 4T HE 44 7T 3
(IR i H N 50.00%, 4 SAEHI AR 5 i
4 100.00%, %S E PR Pk ETE
ARG AEE R E AU T HEZ T 3 AT . AR ETE
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gl PEMETER SR FLA R R,
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W IR 5 RIRG I AW 6 B B AR 8 5545 53 HE
251, TEHEAH 2 (£5, £6),

222 AS5mFHFHR HEESSHERE
G, K E MR ETE TR 8R4 0.70, HE
& 1 o E(0.50 ), HE4 4 2; 5 0.38),
ENEEJEPEIE(0.29), 9 ( 0.25) &K (0.22),
Hi44 3~6. T EFISE [E7E R K oTEREE L F5 R AL B
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223 WF LA AR AERFESH R
G, E R TR R FR S 40 8.21 47,
YRR L8 A%, Hif 5 1, mim i i HALE K,
FRUAER R, KEMT N 458 4, HEAE 2;

x5 ZAZEHGIEY Top 6 ER 7 BIsHRF S MHEZ
Tab. 5 Score and ranking of Top 6 countries based on seven indicators in three broad research areas

343 FiHE 45 Score and ranking

S [P
Area Country PR I K BTk BE FE] 5% 5 ) J3E A B c D
RLI RFOI RFII
K5 EE 0.88(1) 0.27(2) 0.61(1) 0.15(2) 0.12(2) 0.49(1) 0.12(3)
LSS ] 0.78(2) 0.51(1) 0.27(3) 0.20(1) 0.31(1) 0.02(4) 0.25(1)
2 0.43(3) 0.26(3) 0.17(4) 0.15(3) 0.11(3) 0.02(3) 0.16(2)
EFN 0.39(4) 0.10(6) 0.29(2) 0.06(5) 0.04(8) 0.25(2) 0.04(9)
EES| 0.27(5) 0.19(4) 0.08(5) 0.11(4) 0.08(4) 0.00(5) 0.07(4)
(e 0.16(6) 0.11(5) 0.05(7) 0.06(6) 0.04(5) 0.00(7) 0.05(6)
ERSH O£ 0.70(1) 0.26(2) 0.44(1) 0.17(2) 0.09(2) 0.30(1) 0.14(3)
Biktes h 0.50(2) 0.33(1) 0.17(3) 0.13(1) 0.20(1) 0.04(4) 0.13(1)
7 ] 0.38(3) 0.24(3) 0.14(4) 0.12(3) 0.13(3) 0.02(3) 0.12(2)
B JE P . 0.29(4) 0.17(4) 0.11(6) 0.08(5) 0.09(8) 0.02(2) 0.10(9)
| 0.25(5) 0.11(5) 0.14(5) 0.07(4) 0.04(4) 0.06(5) 0.08(4)
IE DN 0.22(6) 0.04(9) 0.18(2) 0.02(6) 0.02(5) 0.16(7) 0.02(6)
254 T 8.21(1) 4.39(1) 3.82(1) 1.90(1) 2.49(1) 1.24(2) 2.57(1)
R % 4.58(2) 1.54(5) 3.03(2) 0.99(2) 0.55(7) 2.23(1) 0.80(3)
% E 3.39(3) 1.55(4) 1.84(3) 0.98(3) 0.57(6) 0.90(3) 0.93(2)
7 ] 3.13(4) 1.60(3) 1.54(4) 0.96(4) 0.64(4) 0.88(4) 0.66(4)
e 2.66(5) 1.76(2) 0.89(6) 0.81(5) 0.95(2) 0.30(9) 0.59(5)
EE 2.32(6) 1.37(6) 0.95(5) 0.63(6) 0.74(3) 0.37(7) 0.59(6)
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IR BHEA S 1, TERTHY 5. 9 A1 10 HE44 56 3;

FETHA S LR, ERE 1. 2, 4. 9
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Tab. 6 Basic information of natural rubber Research Fronts (RFs) in different areas

AUk B9 WFFE R W 3C 1D G o H ) R
Area No. Research Front Core paper  Citation rate  Avg. pub. year
fA SHEDEE AL BRI S KA AEY G R 150 270 305 2013
ASHHERE Bl RHRHERE R PR TR S A SRS 179 226 521 2014
ESHEERE  §R 1 BRI Ak R S AP B L 4 0 vk 5 R 160 20107 2015
WY 2 ABERARIKE SR 5 KL PERE 155 33011 2016
HIHY 3 RARMRIB MR AR AT I G 0 S i & T i 5 0 H 152 23151 2009
FIHY 4 KRR 3806 56 MR 45 7 ik 5 138 72 688 2013
FIHT 5 KRB G MR AR5 S 45 AT R F oY 101 16 195 2012
HiHE 6 RO R FURR S AR RL K L 45 0 vk 5 i 86 7879 2012
HIHY 7 BRIBAR R mDSCRFR 83 10373 2015
HIHY 8 RARMRB/ KRS A 4E R 2 A BRI 28 05 12 5 1 82 8501 2016
HIHY 9 RERCIIR M X RARMR S 2 A MR RR 152 il 57 41 265 2009
HIHE 10 RGBT RICAZ A w1k K L 25 75 1 5 18 H 27 4256 2012

x7 WESHPRIZME Top 6 ERE 10 MELERAERH
Tab. 7 Top 6 countries with 10 Research Fronts (RFs) in the area of “Chemistry and materials science” (based on RLI)

WFFE AT P HRECRIHES RLI ang ranking

RBHTS
Type and No. th %[ % i % B
China USA France Germany Thailand India
HIHY 1 1.14(1) 0.45(2) 0.29(5) 0.23(6) 0.36(3) 0.15(7)
HIiE 2 1.66(1) 0.43(2) 0.38(3) 0.12(6) 0.05(12) 0.13(4)
iy 3 0.58(1) 0.22(6) 0.17(8) 0.33(4) 0.32(5) 0.46(2)
Ay 4 1.11(1) 0.82(2) 0.15(5) 0.14(7) 0.05(12) 0.27(3)
GIRERS] 0.51(3) 0.37(4) 0.83(1) 0.69(2) 0.32(5) 0.11(9)
HIHY 6 0.96(1) 0.30(5) 0.45(3) 0.21(6) 0.50(2) 0.13(8)
HIHY 7 0.65(1) 0.17(7) 0.32(3) 0.05(13) 0.10(10) 0.20(5)
GURERS] 0.63(1) 0.33(4) 0.28(6) 0.05(12) 0.41(2) 0.38(3)
RS 0.41(3) 0.44(2) 0.50(1) 0.10(9) 0.32(5) 0.35(4)
iy 10 0.57(3) 1.04(2) 0.02(10) 1.23(1) 0.22(4) 0.14(5)
SR 8.21(1) 4.58(2) 3.39(3) 3.13(4) 2.66(5) 2.32(6)

23 XABRFIEZEEREFZHTEBMRIM I
At

231 BBEBIIIFEIRLEEL E=KFER
BURRZ I, MWEARS KA, E L E ST
W R R4 o0 9.49 Fl 6.15, [ 5 BTk 4 5l
k1 5.23 F11 2.07, [E 50 B 5300 R 4.26 Fil 4.08,
M7 AFEBR IR AT LA Y, 95 E B F R C #

b, HoAh 5 AN E RS AR AR AR T E
MHEZ R, T EE R ATE R E RS . B KT
W B, DR AL B, D6 M e
WHEA S 1, RATEM: C HEASE 2, miEEHES
%01 REEMERE . BRITRE . BREm
B, DIRARER A 4 DRERYHESE 2; WREEAE
B8 E K ETE bR AL C AN EFRHER S 3,
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mEhs D #E45 2; 18EA 6 MEIRHEA S 4,

Mt B HE4 5 35 ZEMfEAR B 1 Z 5Tk
HE2 235005 2 FIe 3; ENEAYHE IR B HEA 5 4;
LR VUL AR bR RS SRR (K 8). 545 C
RE—ANEF LRI E G, LR
SHEP UL AN 'E A PR 1V SENEE S £ b
K&, AN SHYRHAGUR, S R IR R

h 0.88, TMiH[E Ny 0.78; TEAA 5 IR =405,
5 [ A b [ A FE £ i o 0.70 F100.505 74K
SRR, RS [ A IR R £ )
k1 8.21 Fi1 4.58, i HAth [ S i FABEFR B BAR .

KL, ZiG &R nI A&, R EEN %L,

FE 5 EAAAAE—E 228, k. fEE, R
+ B RN A 7 Y4 R U] 55 o AR R K 250

®8 ZARFROEHEARZITEHNEZER 7 BUHERXTLL

Tab. 8 Comparison of 7 indicators of major countriesin three broad research areas with different areas

95 FHE45 Score and ranking

AUk =P -
Area Country PERRE ERTTERE ERE N E A B c b
RLI RFOI RFII

4l 5HEY) r 0.78(2) 0.51(1) 0.27(3) 0.20(1) 0.31(1) 0.02(4) 0.25(1)

Rz EE 0.88(1) 0.27(2) 0.61(1) 0.15(2) 0.12(2) 0.49(1) 0.12(3)
% 0.43(3) 0.26(3) 0.17(4) 0.15(3) 0.11(3) 0.02(3) 0.16(2)
1 0.16(6) 0.11(5) 0.05(7) 0.06(6) 0.04(5) 0.00(7) 0.05(6)
I 0.27(5) 0.19(4) 0.08(5) 0.11(4) 0.08(4) 0.00(5) 0.07(4)
EE 0.05(12) 0.03(12) 0.02(12) 0.01(13) 0.02(11) 0.00(13) 0.01(12)
kv 0.12(7) 0.06(8) 0.06(6) 0.03(9) 0.03(7) 0.00(6) 0.05(5)

S ST | 0.50(2) 0.33(1) 0.17(3) 0.13(2) 0.20(1) 0.04(4) 0.13(2)

Rz % 0.70(1) 0.26(2) 0.44(1) 0.17(1) 0.09(4) 0.30(1) 0.14(1)
% 0.08(9) 0.05(8) 0.03(9) 0.02(7) 0.03(8) 0.02(6) 0.01(14)
e 0.38(3) 0.24(3) 0.14(4) 0.12(3) 0.13(2) 0.02(5) 0.12(3)
7[5 0.09(8) 0.07(6) 0.02(11) 0.03(6) 0.04(6) 0.00(11) 0.02(9)
EE 0.04(12) 0.03(11) 0.01(14) 0.01(12) 0.02(9) 0.00(14) 0.01(12)
TP 0.03(13) 0.02(13) 0.01(13) 0.01(13) 0.02(12) 0.00(13) 0.01(13)

fh 55k i 8.21(1) 4.39(1) 3.82(1) 1.90(1) 2.49(1) 1.24(2) 2.57(1)

B % 4.58(2) 1.54(5) 3.03(2) 0.99(2) 0.55(7) 2.23(1) 0.80(3)
7| 3.39(3) 1.55(4) 1.84(3) 0.98(3) 0.57(6) 0.90(3) 0.93(2)
T ] 3.13(4) 1.60(3) 1.54(4) 0.96(4) 0.64(4) 0.88(4) 0.66(4)
7[5 2.66(5) 1.76(2) 0.89(6) 0.81(5) 0.95(2) 0.30(9) 0.59(5)
ERRE 2.32(6) 1.37(6) 0.95(5) 0.63(6) 0.74(3) 0.37(7) 0.59(6)
IR VG 1.90(7) 1.08(7) 0.81(7) 0.46(7) 0.62(5) 0.27(11) 0.55(7)

=AU LE 9.49(1) 5.23(1) 4.26(1) 2.23(1) 3.00(1) 1.30(2) 2.96(1)
g 6.15(2) 2.07(2) 4.08(2) 1.31(2) 0.76(5) 3.02(1) 1.06(3)
b7 eS| 3.90(3) 1.86(5) 2.04(3) 1.15(3) 0.71(6) 0.94(3) 1.10(2)
T ] 3.68(4) 1.95(4) 1.73(4) 1.14(4) 0.81(3) 0.91(4) 0.83(4)
7 [ 3.02(5) 2.03(3) 1.00(5) 0.95(5) 1.08(2) 0.31(10) 0.68(5)
ERE 2.40(6) 1.42(6) 0.98(7) 0.64(6) 0.78(4) 0.37(7) 0.61(6)
IR VG 2.05(7) 1.17(7) 0.88(9) 0.50(7) 0.67(7) 0.27(12) 0.61(7)

232 A BEAHEBER S FE= KA
12 AAGrH, T ETE 12 SETE (100.00% ) 73
AR LA e SEEA 7 AR (58.33% ) Ab
TRPH A A, 4 DHTH (33.33%) 7ERLHTHT
H, LA (8.33%) 7EALH1T4; EEA 614

T (50.00% ) 4bFRIH Bk #, &4 300
i (25.00% ) 4b-FRLHRIZIAAH1T5 5 78 =
ZRE A 3ANHIUS (25.00% ) Ab 613 i k47 3
5 AT (41.67%) AbFRUHTRTS], 2 AR
(16.67% ) AbFAUHATHIMALHHEAL; EVEA 3
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(18.33% ) AbTRIHT LA #, 54 (41.67%) A
BT BB RIS R VE 34T 44> (33.33%)
BIFTHTFIF 2 4 (16.67% ) QlFHEFFTE. 7 4
FE R AL F 25 FLURAS BRI . SEE Ak E R 12
A~ (1100.00% ) FIVEIIALFRIF 15 & 2L E (f 4G
Bl s BEETRISABE T8 ). A ZRE .
B 1 IG5k 5 3 244 10 4> (83.33% ) Hif s 4k T4

=9

BATH L LA b, A 24T (16.67%) 9 BIHT
B (£ 9)

YAk E (£ 9), HETE =R T
BT s H, X 3 AN A DL
PV SR RO, SEEREEA 1A
AT R LB, PR 2R E A 1T AL TR
BTSN, SRV 1R TR s, B
JEA 1 AR TRIFHE IR . A2 5 AR
A, G FE PR R A 1A AL TR R

ZREFROFEARZONENEZERARMG LR

Tab. 9 Research Fronts (RFs) innovation position of major countriesin 3 broad research areas with different areas

WEss BT L ARV BT F WiV BIFAT WiV BT IE R 25 8L
A58, TIRATS [Ez  Excellentlevel fronts Outstanding level fronts  Perfect level fronts  Catching up level fronts  \umper
Area  No.of Country e G Ml G T < difg  of blanks
RFs Number  Ratio/% Number Ratio/% Number Ratio/%  Numbers Ratios/%
el 5 1 i 1 100.00 0 0 0 0 0 0 0
AR e 1 100.00 0 0 0 0 0 0 0
* 2 1 100.00 0 0 0 0 0 0 0
1 0 0 1 100.00 0 0 0 0 0
I 0 0 1 100.00 0 0 0 0 0
N 0 0 0 0 0 0 1 100.00 0
;i 0 0 0 0 1 100.00 0 0 0
ERY 1 o 1 100.00 0 0 0 0 0 0 0
B EH 1 100.00 0 0 0 0 0 0 0
# 2 0 0 0 0 0 0 1 100.00 0
1t 1 100.00 0 0 0 0 0 0 0
E= 0 0 0 0 0 0 1 100.00 0
g 0 0 0 0 0 0 1 100.00 0
;ﬂﬂ; 0 0 0 0 0 0 1 100.00 0
fh2z 5 10 H 10 100.00 0 0 0 0 0 0 0
ZESTE % 5 50.00 4 40.00 1 10.00 0 0 0
i % 5 50.00 3 30.00 2 20.00 0 0 0
Gy 2 20.00 4 40.00 2 20.00 2 20.00 0
2 3 30.00 4 40.00 1 10.00 2 20.00 0
E1); 3 3 30.00 4 40.00 3 30.00 0 0 0
;?}E 1 10.00 4 40.00 4 40.00 1 10.00 0
= 4 12 ] 12 100.00 0 0 0 0 0 0 0
I B 7 58.33 4 33.33 1 8.33 0 0 0
% 6 50.00 3 25.00 3 25.00 0 0 0
Gy 3 25.00 5 41.67 2 16.67 2 16.67 0
2 3 25.00 5 41.67 2 16.67 2 16.67 0
ERE 3 25.00 4 33.33 3 25.00 2 16.67 0
R 1 8.33 4 33.33 5 41.67 2 16.67 0
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