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Abstract: The application of generative Al particularly large language models (LLMs), in education is evolving
alongside policy guidance by international organizations and national governments (UNESCO, 2023; updated
2026). However, educational research and policy documents alone make it difficult to compare industry-side
implementation intentions across countries. We position patents not as proxies for educational outcomes, but
as complementary indicators of technological investment and development intentions. We analyze an
exploratory corpus of education-relevant, keyword-filtered LLM/NLP patent candidates (2017-2024,
n=27,825). Within this corpus, China (52.2%) and the United States (46.0%) dominate, while Japan and other
regions account for small shares (e.g., Japan: 37 patents, 0.13%). Applicant-type compositions also differ by
country. Importantly, keyword-based extraction is subject to false positives, and only 1.25% (348) of the corpus
carries the education IPC code GO9B (WIPO, 2017). We present two illustrative mini-cases (US corporate
patent vs. Chinese university patent) and conclude with a roadmap for methodological refinement.
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Fig. A. Yearly patent count in the education-keyworded
LLM/NLP patent candidate corpus (2017-2024).
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Fig. B. Country distribution in the education-keyworded
LLM/NLP patent candidate corpus (CN/US dominant; JP

small).
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Fig. C. University/Research applicant share by country (dashed
line indicates corpus average).

4. r—ARERT 4

AETIEL, AIEIOFE VB 2RI 5720, BH
SRS, 2> TUS{R¥E/CN K% Lok
HZEDNSCEAL Log 0 2 R RER & LORY, EIX
(TEREBEOWE TR L RO TICE END

MR ATRE 7R BB STIR) D BAAG 2 f N2 2
LThH5D,
4.1. Case A (USx 42 3£) : US-11862041-B2 (Integrated

student-growth platform)

Renaissance Learning, Inc.(Z & % US-11862041-B2

(2024) 1%, il & AEERTORAEFET T > b7
—2 (student-growth platform) 424535, Flo#
ZEHiCIE O x . BEEE Y Y —ADFEA, - AT
W, FRERICERIERAX Ly N e Y —REART
DHEXETD Lk S 41D, assessment platform, planning
platform, learning-progression platform, assignment
platform, mastery-maker platform %% #t59 % UL,
BEBGOU—7 7 u— GHli—dta—aE— 2
BER) CEEEE L7 0 X7 MEmORGEHE LTt
HH % (Google Patents, US11862041B2) , & HITA
HX GO9B7/06, GO9BS5/06, GO9B5/12 &\ \>7-HH
IPC Z &7, (GRG0 C b BE SUIRODREE 75 FH %
BIZm Ml & 72D,
4.2. Case B (CNxK%£) : CN-117371528-A (Knowledge

space-based knowledge tracking method)

CN ORZFEERIC I D HEEFI & LT, BAitEAIC
I ZHFREWR (Knowledge Tracing) (ZBd2FBHNE &
N2, 121X CN-117371528-A (2024) 1%, FraskzelH]
HEMZ S  FRGEMMFEAIRE L. FEEOIERE
% ZHIET L (LSTM) LiEEHECET UbT 5
HEpk Z e, FIRBOBBNIZEE ALIZRT 2 PEGRED

g



—2>T&®HY (Piechetal., 2015 ; Abdelrahman et al.,
2023) | ZOREORINIHEBLGOMET T > N7+
—A NS LY WS Ciln SALDE T VEED
Cb) 2R FZe% 0 OHIFER] & L CHLE ST S
N,

4.3.2 0BRSS I

< USR] . V—r 7u—iih - 7Ty b7 p—
LF%EE (GO9B &ie)

- ON R - Bl - &7 VRS sk BBfes)

ZOxfHeE, AT CELN S v ERHRE T AR D
7 (KRR LHAHICRZ D8, 2 EOHH
H—IZTE 2V e, H< ETHEMEANTRD
NDHNREN G — 2 DBEFRIZED D,

5.5 4 Ay av
5.1. ABFFE SRS A BLBIRE ROALE- ST

AP T LIRS L, BESIICHIT 5 LLM
IEHO T5RE) ° B ZEEZRTHO TRV,
LML, HEBES—Y— R&4&Te LLM,/NLP £7F
ERIEES &0 9 BRIE SN HADFIZIBNT, WL
ONDLETE LTI S 2 — L DR SV S TR T
»H5,

B2, AMERES T T, PER L USKE M
BOKEDEEDTND E NI FEFL, Dl Ed
LLM Bifi & BB RA el 3 250y, 2
THEPATONTWD T L Z2met 5, Ziud
BT OHOOMENEEERT D bOTIH L, #
MTBR%E - I L&V S ITEN L~V TR & L THRIR
SINDHRETh D,

T, HFAERRERS IPC 1 5-O 4RI ERI D
RPN S D ST, BE DI D LLM Hdfr
N, FERFERICL ST Bind 7 o — X0HEITHRb
NTWBAREME 2084, 7od 2E, K - IR
(2 & B AR NV T — R b RO HIFE
MHLE 72D — AT, AHE SN D BIRECHE
LEORHEN N R B ATHEME N B D, 72721, ABFZED
FERINDZORFEMREWIET D Z LIXTEAR,

B, REMRERF = =20tk oic, A
ARG OHIZIE, BEBSGOXEE 7 0 —|JEHE
T HREEE . WSS S < BlR BT UIREON
FWEENTND, ZOsUE, HHEXLLM &V 555
75, HIRFRY 72 588 & R 2o FEBRIE D &N
AT HZREIEE CTHD Z L 2R LTV D,

5.2. ABFFRDORRF LR EOEE R

KRIFFEDAGE R 5 LT W< O DEEH

REPEIZ L THEBBERD S,

B, AT — T — R— 2 OfHHIETE L

THY ., HEOIRE ERRR L2 W RRFMERIEE SIS
EENDAREMD S D, FRZ [learning] <°
ltransformer] &\ o 7-HFAVEEIL. LLM £ & 2
B SROBER BT 2 HER & 72 D,

U, HEHEMIPC TH D GO9B & DEFFA
ERHEA D 1.25%I88 % 5803, BEDIFICBITS
LLM A3, BUTORFF RIS I S 4
TWRWATHENE ZoRd 2, ZOTeliE, kSR
DORJETH D L[FRAZ, ZE XLLM &\ 5 Fillfe
D EBE L TR E WO REEE T L &
2o

I, ERUHRIIHREETT, R, SRE. 28O
EOOFBEZIT D10, HEOHERE S > THED
BRIE-OR R A TS5 Z S IXTE 2V, AR
FTHO1E, [Fl—OHhHV—V T G S L7 FRRH 5y
TR SIS,

INHDEMNG, AZEOFERIT Mt EROR
HTIE7R<, SHRDGWINRT 7 7 b EDOREE
R 7= DDOHIE S & L THEST Hivd,

6. SHOREE
6.1. AIEEONE A FIRE R Y Faz—Tar

ARIFZE TN P — 2 DEREE AR L OFEIE
IX. BERASORIEE R BRI 2 R I &
R, —HT, UTO X957 TBEREOPIRE
BEI B THNIERET S FTREMED & 5,

Fi—2, BORSM RSOSSN OFIHIR 7 Y —
=V T ThDH, BHEHTHICEITS LLMIEHAZD
0. EOME - BED EORREHINBSICEE LT
DEIFREN AR5 2 & T, EmAAICHE T &
WSCEERFET D FRMND L2 d,

H AT, AR SRl OEEEERRNC BT 58
BB E L COIEHTH D, FraHEtlite G OFIME
BRI L, e T —~ DSFZEE I T £ > T
D00, BHDHNNIIEE - FELT = — LN T
HONERERT H—oDBEFRE 720155,

HoAZ, MERITE=4 Y U SREL LTCORAT
D, AWFEOVEA % EFNCERG 52 LT, #
BXLLM FEIEI 351 2 HAR BRSO RS T b 28
b, REIBIGEH 5 Z L3 ATRe L 72 5,

6.2. 5B DHITRLIZ AT e —R <y
S OMFZETIEL, AR OSBRI HED 5 Z LS
kKHHD,



2, HBEIPC (GO9B) ZHkdih e L= & o
Higa LT, F—U— P_— A ORSE 23T
fliL, FRRATREMEZ B D MENRH B,

AT, MiFRaEx RSO SRIE A SR L T —
NOUGEIZ XY | HE SR E OB B REES
T BRI LT 5 Z ENEETH D,

BT, FEPNA e GHE, 7 — Ry
7. BRERL, FEEEE) L, BORECHE
EHIEBAET D Z LT, BB L HIE - =D
BICH DX v SRBEEREHI LN D 2 L3
a5,

6.3. fB ST DOEHER

AWFZEE, BEDEITHIT D LLM EHORFHE
$EFmLHHOTII R, LA, RFEEHRLE
EEEHR L. ZOmEERfE F LA EHOB BT
BT ZEICERDRH D, FRFEVD RERIRT —
H ) —ZATh->Th, WURAHREEFEED T CTHOWI
1T, BEXLLM &9 2GR 5 e A PR %
72D DO—DO>OHENMBINE L 720 155,

S35 3

UNESCO. (2023). Guidance for generative Al in education and
research (last update: January 16, 2026). UNESCO.
GRS, (2024). W15 HPAEZE BRI 28R AT O
FRERNCBET 204 R4 > (Ver2.0) (5F164F 12 H 26
RARF).

UK Department for Education. (2023). Generative artificial
intelligence (AI) in education. GOV.UK.

Australian Government Department of Education. (2025).
Australian Framework for Generative Al in Schools.

Kasneci, E., SeBller, K., Kiichemann, S., Bannert, M., et al. (2023).

ChatGPT for good? On opportunities and challenges of large
language models for education. Learming and Individual
Differences, 103, 102274.

Giannakos, M., Azevedo, R., Brusilovsky, P., Cukurova, M., et
al. (2024). The promise and challenges of generative Al in
education.  Behaviour &  Information = Technology.
https://doi.org/10.1080/0144929X.2024.2394886

Woolf, B. P., Lane, H. C., Chaudhri, V. K., & Kolodner, J. L.
(2013). Al grand challenges for education. Al Magazine, 34(4),
66-84.

Piech, C., Bassen, J., Huang, J., Ganguli, S., Sahami, M., Guibas,
L., & Sohl-Dickstein, J. (2015). Deep knowledge tracing. In
Advances in Neural Information Processing Systems (NeurIPS).
Abdelrahman, G. M., Wang, Q., & Nunes, B. (2023).
Knowledge tracing: A survey. ACM Computing Surveys.
https://doi.org/10.1145/3569576

Griliches, Z. (1990). Patent statistics as economic indicators: A
survey. Journal of Economic Literature (also circulated as NBER
working paper).

Jaffe, A. B., & Trajtenberg, M. (2002). Patents, citations, and
innovations: A window on the knowledge economy. MIT Press.
OECD. (2009). OECD Patent Statistics Manual. OECD
Publishing.

WIPO. (2015). Guidelines for Preparing Patent Landscape
Reports. World Intellectual Property Organization.

WIPO. (2024). Patent Landscape Report: Generative Artificial
Intelligence (GenAl). World Intellectual Property Organization.
WIPO. (2017). IPC subclass GO9B: Educational or
demonstration appliances; appliances for teaching, or
communicating with, the blind, deaf or mute; models; planetaria;
globes; maps; diagrams. International Patent Classification (IPC).
Hain, D., Jurowetzki, R., Buchmann, T., & Wolf, P. (2020). A
text-embedding-based approach to measure patent-to-patent
technological similarity—workflow, code, and applications
(arXiv:2003.12303).

Bekamiri, H., Hain, D. S, & Jurowetzki, R. (2024).
PatentSBERTa: A deep NLP based hybrid model for patent
distance and classification using augmented SBERT.
Technological Forecasting and Social Change, 206, 123536.
https://doi.org/10.1016/j.techfore.2024.123536

Jiang, L., & Goetz, S. M. (2025). Natural language processing in
the patent domain: A survey. Artificial Intelligence Review.
https://doi.org/10.1007/s10462-025-11168-z

Google Patents. (2024). US11862041B2: Integrated student-
growth platform.



