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Survival Analysis of Government R&D Patents based on a
Technology Domain Encompassing Al-Related Technologies:
Focusing on Technology Convergence and Machine Learning Models
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Abstract

This study analyzes the survival characteristics and machine learning-based predictors of government R&D patents
filed in 2016 and subsequently granted, using IPC Section G (Physics), which encompasses Al-related technologies, as
the focal technology domain. Kaplan-Meier survival analysis showed significant differences in survival distributions
across technology types (p<0.01), whereas no significant difference was found by R&D project convergence structure
(p>0.05). Cox proportional hazards analysis showed that the private-sector funding share (HR=0.846), number of
linked projects (HR=0.912), and patent-R&D semantic similarity (HR=0.861) were significantly associated with lower
patent lapse risk, with key factors varying across subgroups. Random Survival Forest showed the highest relative
predictive performance, although overall performance was limited, reaching a C-index of 0.6168 for within-domain
technologies. These findings highlight the need to jointly consider technological structure, R&D characteristics, and
patent-R&D linkages in patent survival analysis.
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Table 2. Operational definition of variables

Category | Variable Operational definition
Time from the patent application
Survival | date to lapse due to non-payment
time of renewal fees or the end of the
Depend observation period in October 2025
—ent 1 if the patent lapsed due to
variables Event non-payment of renewal fees
Status during the observation period; O if
the patent remained in force and
was right-censored
Patent technology structure based
on IPC sections
Technology |  0=Other-domain Technology,
type 1=Cross-domain Convergent
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Group Technology
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R ol o,
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o right establishment; reflects the
Exarg:ir:)aotlwn duration and procedural
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examination process
Intrinsi Main claim | Number of main claims contained
niinsic | oount in the patent
factors - , ,
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Number of IPC classifications
assigned to the patent,
IPC count representing the breadth of
classified technological scope
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Category | Variable Operational definition
Backward | Number of prior patents cited by
citations the focal patent

Number of subsequent patents
cF:i(i')ari\t,ivc?r:g citing the focal pe?tent; Igg(i+x)
transformed
Patent | Proprietary patent-level evaluation
rating score provided by WISDOMAIN.
Intrinsic | Inventor  [Proprietary inventor-level evaluation
factors rating score provided by WISDOMAIN.
Inventor | Number of inventors listed on the
count patent
Patent  |Number of patent family members;
family size log(1+x) transformed

Family  [Number of countries represented in
country the patent family; log(1+x)
scope transformed

Cumulative scale of R&D funding
Total R&D |associated with the patent through
funding linked government R&D projects;
log(1+x) transformed
Private contribution divided by the
sum of government and private
Firm share |R&D contributions, representing the
funding composition of linked R&D
projects

R&D stage of linked project(s):

R&D 1=Basic Research, 2=Development

Exirinsic progression | Research, 3=Applied Research,
factors level 4=Cther; the most aqvanced stage
was used for multiple projects.
Number of |  Number of unique government
linked R&D projects associated with the
projects patent; log(1+x) transformed
Technology type of linked R&D
project(s) based on the National
. .| Science and Technology Standard
F?S; n%gg;t lCIassifioation‘ EE .
type (Information/Communication) fiel:
0=No EE, 1=Multiple projects
including EE, 2=Single EE-only
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| Semantic similarity between patent
Patent 2%22?0 text and linked R&D project text
%SB y measured by cosine similarity.
linkage Lexical similarity betvveeri patent
factors TF-IDF | text and linked R&D project text
similarity measured by TF-IDF cosine
similarity
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