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Probing Multivariate Indicators for Academic Evaluation

Helen F. Xue, Loet Leydesdorff & Fred Y. Ye

ABSTRACT

Since Garfield introduced the journal impact factor (JIF) and set up citation analysis, some scientometric
indicators have been applied to academic evaluations. Then Hirsch proposed the h—index, which was rapidly
accepted by the scientific community. This promoted the development of quantitative academic indicators.
However, both JIF and h—index have their advantages and disadvantages. The Integrated Impact Indicator
(I3) and the h—index can be combined into the 13—type framework, yielding the publication vectorX =(X,,
X,, X;) and the citation vector Y=(Y,, Y,, Y;), the publication score I3X =X, +X,+X, and the citation
score I3Y=Y ,+Y,+Y,, and alternative indicators, which could be developed to extend academic evaluation.

The vector X and the score 13X represent the relative frequencies of the publications, while the vector Y
and the score I3Y denote the relative frequencies of the citations. The h—based I3 —type multivariate
indicators provide multidimensional indicators: X; measures publication score in the h—core (X, and Y,
combination may measure core impact power); X, measures publication score in h-tail; Y, =Y, +Y,
measures citation score in h—core; Y, measures citation score in h—tail; /3X does total publication score,
and I3Y does total citation score.

The empirical studies reveal that the h—core distribution is suitable to evaluate scholars, and the X, and
Y, are applied to measure core impact power of universities, and [3X and I3Y are alternatives of journal
impact factor (JIF). The multivariate indicators provide a multidimensional view of academic evaluation
with using the advantages of both the h—index and I3.

The publication vector X=(X,, X,, X;) and the citation vector Y=(Y,, Y,, Y;) with their elements, as
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well as the publication score I3X =X, +X, +X; and the citation score I3Y =Y, +Y, +Y;, contribute

multivariate indicators for academic evaluation. 5 figs. 4 tabs. 18 refs. 3 attached tabs.
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B 3%
Mk 1 FEHE
Indicator P |h=P | P, C C, X, X, X, Y, Y, Y,
Leydesdorff L | 145 | 35 15 |3 673|2 404| 8.448 28 | 62.241 4 |1.551 724 |408.555 7|438.432 1|378.448 4
YeFY 27 8 4 193 | 138 | 2.370 37 | 8.333 33 |0.592 593 | 21.222 8 | 15.673 58|28.373 06

Mk 2 25 Fr &Rz h I5EMEFHETIRN & X5 X EE (2011—2015)

University Univ Publication Vector Citation Vector
(ISIAbbreviated Name ) h—-index X, X, X5 Y, Y5 Y,
HARVARD UNIV 299 1.094 619 | 24 314.06 | 1 913.433 | 3 232.96 | 396 695.9 | 7 903.913
MIT 241 1.450 045 | 12 384.46 | 449.927 1 | 2 111.042 | 198 999.9 | 5 201.47
STANFORD UNIV 231 0.831 177 | 23 130.99 | 4 552.135 | 2 870.434 | 394 468.6 | 5 247.233
UNIV CALIF BERKELEY 210 0.892 381 | 12471.7 | 5746.589 | 2 754.382 | 214970 | 7 670.005
UNIV OXFORD 206 0.867 213 | 52 946.5 | 8 107.924 | 5794.924 | 1 042 924 | 5 936.042
UNIV CAMBRIDGE 201 0.898 491 | 5 597.244 | 705.974 1 | 805.082 4 | 59 230.25 | 3 583.228
UNIV CHICAGO 178 1.684 826 | 21 638.54 | 1 389.099 | 5 374.339 | 384 660.6 | 9 750.973
UNIV TORONTO 200 0.891 792 | 4 919.386 | 693.747 3 | 789.657 4 | 55 358.94 | 1 429.996
YALE UNIV 183 0.579 624 | 26 893.7 | 6 328.984 | 2 094.907 | 430 861 | 2 882.996
CALTECH 161 0.786 624 | 24 606.31 | 5 552.343 | 2 926.635 | 413 946.2 | 7 558.184
UNIV MICHIGAN 186 0.472 95 | 18 008.83 | 2 335.886 | 931.676 5 | 212 361.4 | 828.042 2
PRINCETON UNIV 146 1.045 679 | 24 906.8 | 4 496.608 | 4 335.864 | 459 288.5 | 4 464.867
UNIV SYDNEY 153 1.265 42 | 9 514.728 | 968.448 9 | 1 885.783 | 141 185.6 | 5 139.476
TSINGHUA UNIV 135 0.613 459 | 29 408.69 | 6 901.935 | 2 654.091 | 439 022.9 | 3 884.249
FUDAN UNIV 128 0.557 271 | 18 821.43 | 1 840.817 | 1 195.784 | 206 680.1 | 1 431.567
UNIV SCI & TECHNOL CHINA 120 0.356 455 | 23 518.15 | 2 710.625 | 759.484 6 | 245 094.5 | 693.993 3
UNIV HONG KONG 136 0.567 175 | 18 669.88 | 4 325.257 | 1 608.351 | 236 197.7 | 3 317.497
PEKING UNIV 130 0.831 096 | 18 475.52 | 4 083.185 | 2 464.349 | 319 306.9 | 3 587.126
KYOTO UNIV 126 0.478 971 | 19 432.44 | 2 279.871 | 949.031 2 | 227 797.6 | 1 640.276
ZHEJIANG UNIV 126 0.599 949 | 14 670.63 | 1 879.865 | 1 183.301 | 168 309.7 | 1 000.845
UNIV HAMBURG 97 0.763 764 | 11 735.74 | 789.852 6 | 1 098.462 | 133 663.5 | 1 277.13
HUMBOLDT UNIV 92 0.368 909 | 23 381.48 | 2 908.594 | 851.592 | 238 996.7 | 674.866 8
NATL TAIWAN UNIV 116 0.401 708 | 17 416.95 | 2 541.646 | 786.014 5 | 174 981.4 | 1 129.731
NANJING UNIV 123 0.414 086 | 23 361.4 | 3 347.527 | 977.568 4 | 282 767.1 | 814.692 4
SHANGHALI JIAO TONG UNIV 116 0.361 216 19 821 |2 664.592 | 712.446 2 | 195 774.3 | 1 222.995
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MR 3 27 FEAFESUSMEATHERE TN R F (JIF) BEFHESI M & X FA5] X E £ (2011—2015)

Journal Publication Vector Citation Vector
(JCR Abbreviated Title) e X, X, X, Y, Y, Y,

J POWER SOURCES 5.314 | 0.937 729 | 7 557.725 | 16.0322 | 489.199 2 | 103 161.5 | 219.678 5
ELECTROCHIM ACTA 4.119 | 0.571 882 | 5 554.181 | 16.470 85 | 186.196 2 | 59 566.58 | 37.425 95
INT J HYDROGEN ENERG 2.371 | 0.627 907 | 1 535.078 | 29.798 45 | 110.939 | 11 231.28 | 42.695 9
SENSOR ACTUAT B-CHEM 3.987 | 1.701 574 | 1 568.095 | 4.106 891 | 380.931 | 16 589.19 | 152.775 1
BIOSENS BIOELECTRON 6.395 | 1.356 003 | 3 534.652 | 1.471 358 | 413.075 3 | 50 069.81 | 120.507 9
J ELECTROCHEM SOC 2.461 |0.598 673 | 4 032.372 | 88.237 33 | 241.208 3 | 33 041.08 141.447

SENSORS-BASEL 1.571 | 0.552 901 | 362.663 8 | 19.537 54 | 38.173 09 | 2 013.312 | 1.937 818
ELECTROCHEM COMMUN 4.417 | 0.490 168 | 8 274.604 | 47.466 39 | 213.984 1 | 93 083.97 | 32.976 44
INT J ELECTROCHEM SC 1.266 | 0.232 688 | 2 554.359 | 175.351 3 | 48.132 64 | 16 719.86 | 5.171 47
J ELECTROANAL CHEM 2.553 | 0.347 822 | 8 080.94 | 91.320 54 | 138.571 2 | 78 089.58 | 20.198 31
J SOLID STATE ELECTR 2.099 | 0.521 432 | 1 265.181 | 44.072 16 | 84.750 02 | 8 287.328 | 17.205 56
ELECTROANAL 2.179 | 0.544 135 | 1 208.825 | 26.662 64 | 77.010 84 | 7 842.054 | 27.314 7
TIONICS 1.627 | 0.945 378 | 118.588 2 | 12.710 08 | 52.789 36 | 489.285 7 | 2.503 65
J APPL ELECTROCHEM 2.143 | 1.184 426 | 159.053 3 | 3.688 525 | 60.434 88 | 603.161 4 | 23.444 28
FUEL CELLS 1.648 | 0.585 938 | 202.710 9 | 21.093 75 | 34.889 73 | 846.081 3 | 9.596 141
BIOELECTROCHEMISTRY 3.231 |0.700 971 | 334.417 5 | 12.739 81 | 53.040 7 | 1 533.366 | 9.778 185
CHEMELECTROCHEM 3.27 1.916 87 | 284.305 6 | 3.911 98 | 160.820 5 | 1 837.389 | 39.388 8
RUSS J ELECTROCHEM+ 0.502 | 0.264 706 | 65.895 42 | 78.513 07 | 13.754 72 | 273.209 6 | 2.568 134
ECS ELECTROCHEM LETT 1.93 0.389 484 | 612.316 5 | 44.592 02 | 41.526 08 | 2 826.369 | 6.075 526
ELECTROCATALYSIS-US 2.074 | 0.714 919 | 427.539 1 | 20.220 09 | 56.638 3 | 2 219.753 | 93.540 62
ELECTROCHEMISTRY 0.714 | 0.243 243 | 157.136 8 | 127.744 9 | 17.572 88 | 637.024 6 | 24.204 24
CHEM VAPOR DEPOS 1.656 | 0.488 881 | 3 543.361 | 200.091 1 | 228.053 3 | 23 512.43 | 112.716 4
J FUEL CELL SCI TECH 0.64 0.220 109 | 97.067 93 | 78.532 61 | 11.674 38 | 349.197 5 | 2.569 395
T I MET FINISH 0.57 0.146 312 | 269.388 1 | 143.090 7 | 9.959 864 | 1 137.312 | 2.133 333
J NEW MAT ELECTR SYS 0.4 0.172 249 | 34.569 38 | 66.622 01 | 5.355 372 | 152.330 6 | 0.809 917
CORROS REV 1.05 0.719 101 | 21.752 81 | 15.382 02 | 16.062 75 | 71.470 59 | 12.298 04
J ELECTROCHEM SCI TE 0.462 | 0.297 619 | 19.047 62 | 18.107 14 | 5.482 456 | 54.745 61 | 0.877 193
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