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[Abstract]

This study examines changes in national technological capabilities related to Learning Management
Systems (LMS) before and after the COVID-19 pandemic, from the perspectives of digital
transformation and educational technology. We analyzed 3,142 patents filed between 2017 and 2022 in
the top 10 WIPO countries. Our findings reveal three main observations. First, LMS patents rose by
about 36% after the pandemic, driven primarily by electronics-based educational devices (G09B 5/) and
Al algorithms such as machine learning and neural networks. Second, the United States maintained its
overall lead, yet Korea and Germany strengthened their share of high-value patents after COVID-19.
Third, while some traditional educational devices (e.g., Q&A-based apparatus) declined, the convergence
of Al algorithms and digital hardware increased, leading to a broader expansion of LMS technologies.
By presenting global patent trends in computer and distance education, this study provides a valuable

reference for developing next-generation digital learning environments and R&D strategies.
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I. Introduction
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III. Method

1. Data Collection
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Table 1. CPC Classification Map

Aggregated

Official Title / Definition (Verbatim)
Group

Electrically-operated educational appliances
Note: (working with questions and answers
GO9B 7/00; simulators GO9B $/00; advertising
or displaying in general GO%F)

G09B 5/

Electrically-operated teaching apparatus or
devices working with questions and answers
(Mechanically operated GO9B 3/00; computing
arrangements GO6F)

G0o9B 7/

Simulators for teaching or training purposes
Definition (in the subclass note): “Simulators
regarded as teaching or training devices if
they give perceptible sensations having a
likeness to the sensations a student would
experience in reality in response to actions
taken by him.”

G09B 9/
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Go9B 17/

Teaching reading

(Line indicators or other guides or masks
GO9B 17/02; devices for lip-reading GO9B
21/00)

GOo9B 19/

Teaching not covered by other main groups
of this subclass
Examples:  foreign
programming (GO9B
needlework, etc.

languages,  history,
19/0053), geography,

GO9B 21/

Teaching, or communicating with, the blind,
deaf or mute

(audible presentation of material to be
studied GO9B 5/04, devices or methods for
replacing direct visual or auditory perception
by another kind of perception A61F)

GO9B 23/

Models for scientific,
mathematical purposes
(In the nature of toys A63H; full-sized devices
for demonstration purposes that are identical
to real machines go elsewhere; not covered
by GO9B if the device is a real machine.)

medical, or

GO6N 3/

Computing arrangements based on biological
models

Definition statement: “Computing systems
where the computation is based on biological
models (brains, intelligence, consciousness,
genetic reproduction) -+ The computation can
be digital, analogue or chemical in nature.”

GO6N 5/

Computing arrangements
knowledge-based models

Definition statement: “Computer systems
using  knowledge bases or creating
knowledge bases. In particular, knowledge
representation is classified in GO6N 5/02;
inference or reasoning in GO6N 5/04.”

using

GO6N 7/

Computing arrangements based on specific
mathematical models

Definition statement: “Computer systems
based on mathematical models that cannot
be classified in their application field e.g
fuzzy logic, chaos or non-linear system
models.”

GO6N 20/

Machine learning

Definition statement: “Methods or apparatus
giving a machine - the ability of adapting or
evolving according to experience gained by
the machine.

2. Data Analysis
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IV. Results

1. Patent Filing Trends Before and After the
Pandemic
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Fig. 1. Cumulative Pre—(2017~2019) vs
Post-COVID(2020~2022) Patent Filing Trends
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Table 2. Country-Level Patent Filing Differences

Country Pre-COVID Post-COVID SUM
us 1,029 1,259 2,288
DE 56 144 200
KR 55 133 188
JP 66 55 121
SE 40 58 98
FR 13 59 72
GB 23 41 64
CN 37 25 62
CH 8 31 39
NL 2 8 10

SUM 1,329 1,813 3,142

2. Pre- and Post-COVID Comparison of CPC
Codes
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Post 15 6
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GO9B 19 Pre 6 19 2
Post 18 5 1 1
GO9B 21 Pre 1
GO9B 23 Post 4

Fig. 2. Heatmap of CPC Code Distribution by Country
(Pre vs. Post)
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3. Distribution of High-Value Patents
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Fig. 4. High—Value Patent Counts By Country
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V. Discussion

1. Key Findings
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