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Fig. 1. Descriptive statistics of the patent dataset: (a) Number of granted USPTO utility patents by filing year; (b) proportion of

patents involving different numbers of technologies by filing year.

@ PatentsView I FEHEHE: https://patentsview.org/download /data-download-tables.

@ “Zil N7 (assignee) TIKIEZEAT LRI BUY A NSGHLEY, FFT7E L ATV A e L R b 3RIA IR ) G R 3.

@ #E 2024 4F 7 A, FE LRI R NE R RG22 H AR R & A — U8 2 5 DLE A (first office action) AP EEEL 19.7 N H, 3
WL https://www.uspto.gov/sites/default /files /documents /ppac-2024-annual-report.pdf.
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CPC classification system.
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Table 2. Schema and field definitions of the constructed patent dataset.

FBA e AR (ZAME 7 53 )

fyear LI HHAE 2000
patnum L H|FEPatentsView$ I H ME—iR 515 6102874

code LR KA EA A61B; G16H

share LRI LA B IH—fb 385 0.8334; 0.1666 (5 code 7 BEIFFE—%)

state BHMFZAL BT E M FIPS LAY 27
county LRIZIE e £ E B FIPS Y 27053 (RO FRR M, J§ =iFRmE)

city LRISZ L NI e S [ kT 44 Bk 27_ Minneapolis(Bi P4 M AURS, FT X531 24 37

firm BHFZEA AL E— 5] 5 PERMCO 2850

title Lzl Implantable medical device for tracking patient functional status
abstract LRI E A An implantable medical device... /RBIHTHE B, S84 Z SR WAMRAE)

@ KFHMF RIS I (Guide to the CPC) : https://www.cooperativepatentclassification.org/sites/default /files/attachments/

212£75e9-¢9d4-4446-ad 7f-b8e943588d1b/Guide+to+the+CPC.pdf.

@ VCRECHE T #554%: https://github.com /mwoeppel /patent-crsp-permco-match.
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Fig. 2. Hlustration of network construction: (a) Entity-patent-technology relationship; (b) entity-technology bipartite network;

(c) technology space network.
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Fig. 3. Illustration of different network structures: (a) Nested network; (b) modular network; (c) in-block nested network.
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F 3 ERFER MG
Table 3.  Statistical properties of entity-technology

bipartite networks.

Fik HRT .. FE ESZN
T TGt S L AT AT
JH-FEAR 49 602 0.17  100.71 8.20

B4R 764 602 0.03 17.73 2250
WH-HAR 1094 599 0.03 14.98  27.36
b-HAR 3866 601 0.01 7.08 45.51
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Y REHLERL, A AN IR, WZ Y SO E R AL
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Table 4.  Z-scores of structural metrics of entity-techno-

(11)

logy bipartite networks relative to the BiCM null model.
B RJRinERE RNIRERE RS LH

%

(Zq) (Zn) (Zr) (Zyn)
M-FEA 1572 ~1.61 2.34 2.94
B HAR 5342 4.20 4.00 3.25
Wii-HAR 8717 7.04 6.53 4.90
Al-HAR 196.29 10.75 46.11 38.69
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T (RO BRAH SR, 20 SR S B 2 St
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O ASCHEHASE Python AR fif BiCM MM SHHA: B IR AE /S https://github.com/mat701/BiCM.
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Fig. 4. Structural properties of entity-technology bipartite networks across different scales, including modularity (@), global nested-
ness (N), in-block nestedness (I), and the nestedness ratio (I/N ). The values of @ and I correspond to the optimal results ob-
tained from 100 optimization runs. To assess the statistical significance of the structural properties, 100 randomized networks are
generated for each empirical network based on the bipartite configuration model (BiCM), with the corresponding metrics denoted

by the subscript BiCM. Error bars represent the standard error of the mean of structural metrics computed from the randomized

networks.
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Table 5. The structural metrics of technology space net-

works constructed from different relation sources.
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Table 6. Logistic regression results for the probab-

ility of newly developed technologies across different

entity scales and five-year time windows.

ERRE AE

2000—2004 2005—2009 2010—2014

AR E 7.33 6.80 6.24

" gttt 671 6.64 7.83
T ~7.04 ~6.79 ~7.42

th R? 0.09 0.08 0.07

AHICER BE 13.52 12.40 10.59
faprpote 723 7.12 6.86

TR -8.25 -8.04 -7.79

th R? 0.11 0.10 0.08
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HE -8.11 ~7.92 777
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T -8.35 ~7.94 ~7.90

th R? 0.08 0.08 0.07
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Table 7.  Average marginal effects (AME) of re-

Jatedness density and closeness centrality, and their

ratios, across different entity scales and five-year

time windows.
FIHRRE  f5hR
FAXRHRE  0.0105 0.0105 0.0090
N HEEduorE 0.0171 0.0171 0.0182
AMELH  0.6152 0.6150 0.4925
MR 0.0053 0.0051 0.0051
£ BEhao 0.0050 0.0049 0.0054
AMEIE 10535 1.0456 0.9533
G 0.0045 0.0045 0.0044
Wi BaEotE 0.0031 0.0031 0.0034
AMELH  1.4422 1.4335 1.2960
AR 0.0031 0.0031 0.0029
b EErduetE 0.0019 0.0017 0.0016
AMEM/H 16869 1.8969 1.8459

2000—2004 2005—2009 2010—2014
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Abstract

Scale dependence is a pervasive feature of socioeconomic networks: even when generated by the same class
of economic activities, networks observed at different levels of entity aggregation can exhibit markedly different
structural organizations, yet a systematic and testable explanation for such cross-scale divergence remains
lacking. This paper presents a U.S. patent dataset together with a unified analytical framework that combines
empirical network analysis with mechanism-based modeling to quantify and interpret structural differences
across scales. The dataset contains 1,225,373 granted USPTO utility patents filed during 2000-2020 and
integrates assignee geography (state/county/city), firm identifiers, CPC classification codes, and patent texts;
technologies are defined at the 4-digit CPC level. To measure technology activity when patents involve multiple
technologies, we use co-citation information to allocate each patent's technological shares across its associated
CPC codes, thereby obtaining technology-share weights beyond naive equal counting. Using these weights, we
construct entity-technology bipartite networks at four scales (state, county, city, and firm) and derive two
technology space networks, one based on technology co-occurrence across entities and the other based on

patent-text similarity. We characterize network structure using bipartite modularity (@), global nestedness (N),
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and in-block nestedness (I), and evaluate statistical significance against degree-constrained null models based on
the bipartite configuration model (BiCM). Empirically, modularity increases as the entity scale becomes finer;
state- and county-level networks are closer to a globally nested organization, whereas city- and firm-level
networks exhibit a pronounced shift toward in-block nestedness. Temporal analysis further shows that the
formation of new entity-technology links reflects a scale-dependent balance between preference for globally
central technologies and reliance on relatedness density to the existing technological portfolio, with smaller-scale
entities exhibiting a stronger dependence on relatedness density. Finally, we propose an evolutionary model that
incorporates both relatedness-density preference and technology-centrality preference under empirical degree
constraints. Simulations demonstrate that tuning these two preferences reproduces the observed transition from
global nestedness to in-block nestedness, providing a mechanism-based explanation for scale-dependent
structural patterns in technological innovation networks. The dataset presented in this paper is openly available
at https://doi.org/10.57760/sciencedb.j00213.00265.

Modularity (Q) Global nestedness (V) Nestedness ratio (I/N)
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