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Abstract The number of citations in a patent is one of the indicators of the qualitative value of a
patent. In this study, negative binomial regression model analysis was performed focusing on 47,354
US patents of 14 global top automotive makers in order to examine the major factors affecting the
number of patent citations. As a result of the review, it was found that, elapsed years since filing, the
number of patent claims, the number of claim letters, the number of inventors, the number of patent
family countries, and the number of patent families, as well as IPC diversity, had a positive and
significant effect on the number of citations. The results of this study are expected to provide a basic
basis for considering the IPC diversity index together in analyzing and evaluating future patents and
establishing strategies for creating excellent patents.
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Fig. 1. Research Model
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Fig. 2. IPC hierarchy
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Table 1. Meaning of independent variable and calculation method

NO Variables Meaning of independent variable and calculation method
1 Number of Family Countries| Meaning of independent variable and calculation method
— INPADOC FAMILY information is used as the total number of family patents of US registered

2 Number of Families patents

) — In addition to overseas family applications, continuous applications and divisional applications in|

the same country are also counted and calculated as separate cases.
3 Number of PC diversity Calculates the number of IPC codes with different numbers of the top 4 digits of the IPC code
umbero WErstY | among MAIN IPC and SUB IPC

4 Number of IPC Calculated by counting the total number of IPC types listed in the patent bibliography
5 Lapsed year Calculate the number of years elapsed since the patent application
6 Number of Claim Calculated by counting the number of claims in the registered patent
7 Number of Inventor Calculated by calculating the number of characters in claim 1
8 Number of Claim_Character | If there are multiple inventors, it is calculated by calculating the total number of inventors.




IPC total
number : 21 of the IPC

Main IPC B6OW-030/12 B6OW

~—  B60W-040/08 BoOwW
GOGF-017/00 GOG6F
B62D-006/00 B62D
A61B-005/18 AG1B
B60K-028/06 B60K
B60T-008/172 B6OT
G08G-001/16 G08G
B62D-015/02 B62D
B6OW-040/09 BoOW
GO6K-009/00 GOBK
SUB IPC |- BGOW-050/12 BEOW
A61B-005/00 AG1B
A61B-005/0205 AG1B
AG1B-005/0476 A61B
A61B-005/055 A61B
AB18-005/11 A61B
AB1B-005/1455 AB1B
G01C-021/36 G01C
G08B-021/06 G08B

~  B60W-050/00 B6OW

Fig. 3. IPC Diversity Calculation Process
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Table 2. Market capitalization and number of US patent applications of the analyzed companies

ro TRy | & | S
1 TESLA us 5,678 615 580
2 TOYOTA JP 2,249 243 1,775
3 UBER us 967 104 1,311
4 VOLKSWAGEN DE 932 101 1,164
5 BENZ(DAIMLER) DE 911 98 499
6 AUDI DE 705 76 1,754
7 BYD CN 687 74 204
8 GM us 635 68 7,533
9 BMW DE 584 63 1,662
10 HONDA JP 544 59 6,895
11 VOLVO SE 469 50 1,049
12 HYUNDAI KR 440 47 8,416
13 FORD us 364 39 11,988
14 PEUGEOT FR 221 24 48
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Table 4. Number of Citations and IPC—Related
Characteristics of U.S. Patent Applications

voLvo
TESER Application year|2Verage number | Average number [ Average number
DAIMLER B ¥ of citations of IPCs of IPC diversity
BYD 2010 15.12 2.20 1.52
SEUBEDT 2011 12.02 2.78 1.65
2012 9.91 3.17 1.67
O 2000 4000 6000 8000 10000 12000 2013 016 50 178
Fig. 4 Top applicants for US patent applications 2014 6.81 4.25 1.99
2015 4.73 4.50 2.07
Table 32 U]% Ea%ﬂ ,\]__CH 147H 7]C§°ﬂ EHE}O{ 2016 2.93 4.78 2.16
2017 1.64 4.96 2.29
=g o] i ;lL =i 7 Ji;ll_ =i =g
SHHETRL B e =7k e 2018 0.56 477 2.20
IPC & 47, ¥+ IPC o 55 vehila vk H+ 2019 0.14 1.88 2.25
e w7k ) BeENe U0 AT 59
7dv=E ALE el 245 =7 5 gvlske A

Table 3. Patent Sample Characteristics of Top 14 U.S. Patent Applications

At Nun}bey of Avergge numbgr of | average qgmber of | Average number of | Average 4numt{>er of average n}lmber of
Applications family countries families IPCs IPC diversity citations

FORD 11988 3.46 14.54 4.42 2.29 8.68
HYUNDAI 8416 3.28 4.97 3.83 1.98 5.04
GM 7533 2.82 5.34 3.59 2.00 9.30
HONDA 6895 3.30 6.40 4.02 2.13 7.30
TOYOTA 1775 1.41 2.69 3.83 2.20 9.34
AUDI 1754 4.31 6.91 4.39 2.25 6.43
BMW 1662 4.29 6.00 4.06 2.10 5.18
Uber 1311 2.86 9.51 4.19 2.47 13.74
Volkswagen 1164 4.22 6.44 4.40 2.44 7.63
VOLVO 1049 3.60 5.69 4.55 2.25 6.91
TESLA 580 2.60 11.60 4.49 2.05 12.99
DAIMLER 499 4.80 7.15 3.72 1.91 8.72
BYD 204 4.70 14.43 6.60 2.44 4.87
PEUGEOT 48 5.92 9.69 3.65 2.15 5.41
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Average IPC count and IPC diversity
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Fig. 5 Trends in Total IPC Number and IPC Diversity
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Table 5. Relationship between IPC diversity and number
of citations

. . average number ez ngmber average number
WA Diversiliy of families of fam,ﬂy of citations
countries
1 6.97 3.30 5.73
2 7.57 3.37 4.16
3 8.99 3.44 4.32
4 11.00 3.58 4.75
5 14.54 3.87 5.67
6 12.26 3.74 6.31
7 13.65 3.86 6.27
8 20.88 4.31 10.61
9 21.38 4.49 8.49
10 39.13 5.53 16.13

Table 6. Relationship between total number of IPCs and
number of citations

number of
number of I[PC | &VCTa8E M e claims BRI W b
of citations of citations
1 8.23 1 3.30
2 4.85 2 4,15
3 4.15 3 4,35
4 3.81 4 3.83
5 3.89 5 3.99
6 4.37 6 3.92
7 4.10 7 3.32
8 4.32 8 3.72
9 5.27 9 3.88
10 4.05 10 4,15
11 5.09 11 3.79
12 4.64 12 4,53
13 4.69 13 4,71
14 4.80 14 4.86
15 6.63 15 4,76
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Table 7. Results of correlation analysis
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585 248 Aset QA JFgu AEAR
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| S=vh g e EQdolu A% 24
Fles Haly 58 xEEHE
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o -
!
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o=

<X

9 7FsAdol k. 3, 58] dde sHoes 58
d2] 57} 7 B QEs 71AE A o® vEbsE,

2] =7k 7k 22 53 P 557K, =, £,

o]o] At v 5519 Al Bk E 7] wiiel] ]

o 7bse Ao hehd

7L f94F p—value<0.001 24 A

Variables family_ family_no . 1pci legpsieil, ipc_no claim_no inventor_no et
country_no diversity year char_no
family_ 1
country_no
family_no .186™ 1
ipc— - o
Sershiy .074 .038 1
lapsed_ 1447 0417 —.169™ 1
year
ipc_no 113" .044™ 672" —.183" 1
claim_no —.188" .020™ .049™ —.093" —.004 1
inventor_no .001 .007 023" —.110" .035™ .014™ 1
el 0627 —.024” 1006 1287 0767 ~.216” ~.038” 1
char_no
INote: #p<.05, #*+p<.01, *:xp<.001
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Table 8. The descriptive statistics of analysis variables

Variables min MAX mean S.D. Variance
cited_no 0 710 4.90 13.472 181.504
lapsed_year .0 11.0 5.639 2.7752 7.702
claim_no 1 154 15.23 5.831 34.001
claim_char_no 9.0 812.0 154.255 82.3796 6786.402
family_no 1 991 8.20 45.378 2059.167
family_country_no 1 30 3.39 1.717 2.948
inventor_no 1.0 25.0 2.898 1.8766 3.521
ipc—diversity 1 15 2.16 1.231 1.516
ipc_no 1 32 4.10 2.816 7.929
Table 9. Comparison of Poisson model & Negative binomial regression model analysis
Poisson NBR
Variables
B SE B SE
constant —1.823 .0965™ —2.920 .0559™
lapsed_year 347 .0040™" 448 .0035™"
claim_no .028 .0041™ .043 .0018™
claim_char_no .001 .0001™ .001 .0001™
inventor_no .041 .0061™" .031 0052
family_no .001 .0002™ .003 .0005™"
family_country_no .023 .0090™ .020 .0064™
ipc diversity 133 .0144™ 118 .0114™
ipc_no —.012 .0062™ 018 .0044™
Pearson chi ™2 849,961 135,958
LR chi™~2 207,914™ 44,223™
AIC 490,280 210,105
INote: *p<.05, ##p<.01, *#xp<.001
Table 10. Results of negative binomial regression model analysis on cited numbers
Modell Model2 Model3
Variables
B SE B SE B SE
constant —2.305 .0465™ —2.539 .0551™ —2.920 .0559™
lapsed_year 432 .0034™" 429 .0034™ 448 .0035™"
claim_no .045 .0020™" .045 .0019™" .043 .0018™"
claim_char_no .001 .0001™ .001 .0001™ .001 .0001™
inventor_no .031 .0053™ .031 .0052™"
family_no .003 .0006™" .003 .0005™
family_country_no .032 .0065™" .020 .0064™
ipc diversity 118 .0114™
ipc_no .018 .0044™"
Pearson chi ™2 152,948 141,077 135,958
LR chi~2 42,280 43,132 44,223
AIC 212,038 21,1192 210,105

INote: *p<.05, ##p<.01, *#xp<.001
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