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Citation network analysis has been used to comprehend an overview of academic research.
Three methods, co-citation, bibliographic coupling, and direct citation, are known, but
there are few studies to compare those methods with real data. This research
quantitatively revealed characteristics of them. Citation networks were created with those
three methods, and evaluated their relevance, effectiveness, and efficiency. A method giving
weight on links are proposed and also analyzed. It is found that direct citation is superior to
the others in detection of emerging research fields. Term distribution, interdisciplinarity,
citation lag were also investigated.
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Direct Gitation Co-Gitation Bibliographic coupiing

Year  Size _Density Avg. year Size _Density Ave year Size Density Avg year
() No weight
2000 24 1310 1999.57 0 0000 0.0 0 0000 000
2001 120392 200037 0 0000 0.0 0 0000 000
2002 12 0325 2001.26 0 0000 0.0 19 10650 2001.42
2003 12 0.139 2001.90 0 0000 0.0 27 5530 2001.93
2004 17 0.067 200274 26 0385 2001.19 18 8496 2002.93
2005 16 0.061 2003.60 29 0458 200218 34 2750 2003.34
2006 17 0.049 2004.40 33 0429 200288 33 3.340 2004.14
2007 17 0.041 2005.13 26 0550 2003.95 20 10.422 2005.23
(ii) Frequency of citations
2000 24 1310 1999.57 0 0000 0.0 0 0000 000
2001 12 0392 200037 0 0000 0.0 0 0000 000
2002 12 0325 2001.26 0 0000 0.0 19 10650 2001.42
2003 12 0.139 2001.90 0 0000 0.0 27 5530 2001.93
2004 17 0067 2002.74 34 0426 2001.21 18 8496 2002.93
2005 16 0.061 2003.60 33 0363 200207 34 2.750 2003.34
2006 17 0.049 2004.40 28 0512 200239 33 3340 2004.14
2007 17 0041 2005.13 26 0495 200338 20 10.422 2005.23
(i) Difference of publication years
2000 17 0996 1999.45 0 0000 000 0 0000 000
2001 8 0621 200048 0 0000 0.0 0 0000 0.00
2002 11 0391 2001.32 0 0000 0.0 0 0000 000
2003 9 0221 200198 0 0000 0.00 11 5358 200060
2004 10 0.131 2002.81 26 0629 2001.23 14 6382 200147
2005 11 0092 2003.61 29 0455 200213 13 4865 2002.11
2006 15 0055 2004.43 23 0750 2002.56 8 4969 200361
2007 13 0.053 2005.10 22 0719 2003.79 10 4370 200591
(iv) Reference similarity
2000 16 1333 1999.81 0 0000 0.0 0 0000 000
2001 8 0638 200047 0 0000 0.0 0 0000 000
2002 11 0405 2001.38 0 0000 0.0 0 0000 000
2003 9 0220 200201 0 0000 0.0 19 10784 2001.39
2004 11 0.131 2002.89 21 0910 2001.79 17 12,154 2002.08
2005 11 0091 2003.63 23 0625 200248 15 11.423 2002.95
2006 12 0.068 2004.41 14 1570 200337 16 11.369 2003.71
2007 13 0.056 2005.12 16 1.094 2004.11 18 10904 2004.48
(v) Keyword similarity
2000 16 1.421 1999.80 0 0000 0.0 0 0000 000
2001 11 0465 200035 0 0000 0.0 0 0000 0.00
2002 12 0359 2001.28 0 0000 0.0 0 0000 000
2003 12 0.146 2001.93 0 0000 000 18 11464 2001.43
2004 15 0085 2002.84 21 0854 2001.78 18 11753 2002.10
2005 15 0.067 2003.62 29 0458 200218 20 7.506 2002.98
2006 16 0050 2004.39 24 0725 200325 17 10619 2003.72
2007 15 0.048 2005.11 25 0588 2004.03 18 10573 2004.48
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(normalized size)

(Giv) > () = (i) > (v) > (i)
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