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OECD > Publications > OECD Digital Education Outlook 2026

OECD Digital Education
Outlook 2026

Exploring Effective Uses of Generative Al in
Education

Report

More info 0

OECD Digital Education Outlook < 19 January 2026

https://www.oecd.org/en/publications/oecd-digital-education-outlook-2026 _062a7394-en.html
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ChatGPT

by
OpenAl
(2022.11.30.)

https://en.wikipedia.org/wiki/ChatGPT



£ 2 HIA E(Turing test)
by
e &< (Alan Turing)
(1949)

https://en.wikipedia.org/wiki/Turing_test



|

Boom 1 Boom 2 Boom 3

“GOFAI" “Expert Systems” “Machine Learning”

Winter 1 Winter 2
knowledge
engineering
heuristic
ey
General Problem Solver AAAI JSAI » LISP

Samuels’ Checkers Program
VT CMU. Simon Newell FGCS, SCI, MCC, Alvey, ESPRIT

Stanford  MeCarthy, Minsky Feigenbaum, Brooks
| | |

Social excitement
and concern

Success of
AlphaGo,
Libratus, etc...

Deep Learning

Autonomous
Vehicles

Autonomous
Weapons

“Al for Social Good"?

1960s 1970s 1980s 1990s 2000s

2010s

https://www.technologystories.org/ai-evolution/




Google DeepMind
vS. Lee Sedol
2016.3.13.

o @

+Q ¢ AlphaGo

L Jol

https://ko.wikipedia.org/wiki/%ED%8C%8C%EC%9D%BC:Alphago_logo Reversed.svg



Predictions

NLP E i A I H(Transformer) [ tinear ]
“Attention is All You Need” (2017) T

Natural
Language
Processing

Feed-Forward
Network

,K . Multi-Headed
1 Cross-Attention
.
. | Feed-Forward
1 Network
1
:
1
Word2vec \
Nx Nx
/-\ "Layers" "Layers"
kin g ¢ . - e Multi-Headed
Self-Attention Self-Attention
man ® .
woman @ > .
Positional " Positional
\_/ Encoding Encoding

Embeddings/
Projections

Embeddings/
Projections

Source Sequence Shifted
Target Sequence

https://wikidocs.net/161975 https://en.wikipedia.org/wiki/Transformer_(deep_learning_architecture)



ChatGPT

by
OpenAl
(2022.11.30.)

https://en.wikipedia.org/wiki/ChatGPT

enerative
re-trained
ransformer



GPT

« Generative M A& A
e QA=Z 5 2 E4&0ot= A0| OtL| 2t M2 8l AEE MAg
. BIAE 0OLLI2}, 010K, S4/2CI2, HIOIQ, 2E, LE
e Pre-trained Al& SH&S &=
e SISt 2 E HAE [{HOIHZ &t AN IHE = 012 &5
e Bl =X, 2 2IULCIOH 74&, ==, 2 S
e =8 20|, et XA IHE = ats

e Transformer E i A I [H
SIS HIAHLIS: Haid AFY X
Al T (f Bl & (self-attention)’: & 24 01
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LARGE LANGUAGE MODEL
— @ ChatGPT% Claude * Gemini

s O\ Meta (¥ DeepSeek I%] Perplexity

| xﬁz\% Midjourney G Flux —:@ Ideogram

W [B Runway ‘ Luma XII Grok

https://dataaspirant.com/lim/ https://x.com/samuraipreneur/status/1888530105280168421



How large are they?

Transformer model Neural
network

Input layer
Hidden layers

Function: weight * input plus bias

Output layer

BERT Large - 2018

345M

GPT2 - 2019

1.5B

GPT3 - 2020

175B

Turing Megatron NLG
2021

530B

GPT4 -2023

1 .4T ( estimated)




Top Al Tools for Teachers to

Edcafe

Use in 2025

EdCafe AI’s lesson planner streamlines the entire planning process for teachers.
You can start with a simple topic, text, or uploaded document, and the tool
instantly generates a complete, standards-aligned lesson that includes
objectives, materials, activities, assessments, and reflection prompts.

. . ChatGPT /
Canva Brisk Teaching Claude
Create posters, @™ Al-powered Generates drafts
slides, and n writing support rubrics, and creat’ive
more with built- S and instant quiz ideas—, our-dail
in AI tools. generation from compazlion for Zﬂck
student work planning 1
Curipod Diffit Eduaide
Turns topics into Creates leveled Generates creative
interactive class texts, classroom materials in
presentations vocabulary, and various formats to
with questions . questions—great break the planning
for o block
differentiation.
NotebookLM Napkin Al Almanack

Summarizes,

”~~ outlines, and
a generates
questions from

Turns complex
ideas into visual
diagrams and mind

©

CJ

Creates structured
lesson plans,
assessments, and

maps— pacing guides aligned |_ 7| OI ASH EID:' tHO'IIIL_ OI’)
to standards. -LL = =t s — H
your documents. Scispace
Explains Fireflies Al
School Al academic ) Records and
Helps with SEL Ryt il transcribes
: language ;
check-ins, parent meetings or
i lessons
emails, etc Twee esson
Builds grammar Text Blaze
MagicSchool @ tasks, Saves time
7 a \ quickly create IEP prompts, and with text
goals, letters, ESL materials shortcuts
\ "4 scaffolds, and lesson S <
plans. Eightify Elicit Khamingo

Summarizes Extracts Provides academic
YouTube videos insights from v guidance for
into 8 key ideas research papers students

https://medkharbach.substack.com/p/best-ai-tools-for-teachers-in-2025 https://if-blog.tistory.com/12919
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StEX|2|2tA W RSHS|X|, 33(4), 53~72, 2025. 11. https://doi.org/10.17279/jkagee.2025.33.4.53
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Al-CIX[E off 7ot T2 3
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oL ol

A Professional Development Program for Enhancing Geography Teachers’

Al-Digital Competence Based on the TPACK-DBL Framework*
- Development and Application of Interactive Teaching-Learning Web Apps -

Sang-Il Lee™ - Soyoung Lee™**

https://doi.org/10.17279/jkagee.2025.33.4.53
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https://tpack.org/tpack-image/

Technological
Pedagogical Content
Knowledge
(TPACK)

Technological Technological
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Pedagoqical Content
Knowledge Knowledge Knowledge
(TPK) (TCK)

Content
Knowledge
(CK)

Pedagogical
Knowledge
(PK)

Pedagogical
Content
Knowledge
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Contexts



Handbook of R
Technological Pedagogical
Content Knowledge (TPACK)

for Educators

Third Edition

Edited by
Michael Phillips
Evrim Baran

Punya Mishra
Matthew J. Koehler




PCK

» Pedagogical Content Knowledge,

« 2| =23 (Lee Shulman) (1938~2024)
e 0| =22 W=4c2letA0lAN W= Jt
* Those who understand: Knowledge growth in teaching (1986)

« NI JFXI XA
« CK(Content Knowledge, Li & II/\')' w b XA
« PK(Pedagogical Knowledge, 1! XI/\') =& J|g, 8ot &8
« PCK(Pedagogical Content Knowledge,

= Avdll, Bl =, 252, A2 AE S5 %garm Sig= 54

MESTE=SEN




TPACK: i &

 Technological Pedagogical Content Knowledge, Jl=-u - &
INES
« Mishra & Koehler(2006): Technological pedagogical content knowledge:
A framework for teacher knowledge
c WA RAE, HEN, 12l HE J|==2" II2E2 A E S8l =2
Olofoll) &&ole LS
« Nl JtAl JI&2 A4 &
« CK(Content Knowledge LHE A4 Wit LH=E0l et 8 & Al A]
« PK(Pedagogical Knowledge, 1=~ X|&)): nl= - ofg 8HE

01
« TK(Technological Knowledge, Jl= Al&l): Ct&et D= &2 AIAE
[:H St I' Al



TPACK: i &

. 28 Yo

« PCK(Pedagogical Content Knowledge, Wls=UWEZX4): S& LHIE2
Mo It2X= - et XA
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HE &ACZ s A& 2 - B - &
Ol of

« TPK(Technological Pedagogical Knowledge, Jl=u X&) £8
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TPACK: =&

« PCK (24 LHE X A1)
c 21 0P PEE HIDGIEE 510, HEA DB3 2HE E2517)
Bl 42

« TCK (Vl=LHEAIA)
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TPACK: &%
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»~ Artificial Intelligence- ~
_ 7~ Technological Pedagogical \
AlI-TPACK (Ning et aI., 2024 " & Content Knowledge . .
& N\
Artificial Intelligence
¥ § (AI-TPACK) ;
—_ . Literacy \
/ Artificial Intelligence- \
/ Technological Artificial Intelligence-
Pedagogical / avificil metigencey, \L€chnological Content \
/ Knowledge Technological \ Knowledge \
( AI-TPK) Knowledge ( AL-T CK)

Content
Knowledge
(CK)

Pedagogical
Knowledge
(PK)

\ Pedagogical Content /
\ Knowledge 7
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~ Artificial Intelligence
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https://www.mdpi.com/2071-1050/16/3/978
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« “TPACKS W&, 04, HIISZXlets Al 84 992 22510,
OIS HSXE H0A BETE MES HEHO XAl
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/1 1 O
- Ol TPACK &2¥S Breret 4 S A0 LIRS S8
SEEEIET
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TPACK-DBL &£ d| &% 2

« DBL(design-based learning, Cl XtQ1-J| Bt & &)
=

S
« "EHHQ FE29 WES HIEHOZ HAXHOI AE
MG IS MO

« PBL(problem-based learning, & X[-J| 8t &r=)dt = Aot Al BF & & ©l
CIACI MR E =&etlt= & 0l Al RtO]

. DBL2 1E [HAIO| AKX T 2XIS SHZ ot ROl &045H0] 2
S, M, B BE0lets 28X 01X BES ZEots SAY

Xtalof &t 5
« C|AtQI A2 (design thinking) JH & Ut &= &

I}

s dE80otES

O\J



TPACK-DBL &£ d| &% 2

 TPACK-DBL 2|2 %3
« TPACKU} DBLE Z&tef2Z M ‘LIACIS Set H2=2 X &0
Ol=O01AIJ| ?let Eel =2 EXE MA
- DBLE L= & TPACKS| 2= =d&ol= 8Ui &2l AlAl




TPACK-DBL

(Baran and Uygun, 2016, 49)

https://doi.org/10.14742/ajet.2551
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Housing Market at a Glance

71.79%

Average annual rate for a 30-year fixed
mortgage in Oct. 2023

7.03%

Average annual rate for a 15-year fixed
mortgage in Oct. 2023

$388k

National median home price

https://ivelasqg.github.io/mortgage-dashboard/

Mortgage Originations per Capita

date=2014

I 1 [ | 1 | |
2014 2015 2016 2017 2018 2019 2020

Mortage Originations

myd fixed_30 fixed_15
Apr-19-05 4.08 3.56
Apr-19-12 4.12 36
Apr-19-19 417 3.62
Apr-19-26 4.2 3.64
May-19-03 414 36
May-19-10 4.1 357
May-19-17 4.07 3.53
May-19-24 4.06 3.51
May-19-31 3.99 3.46
Jun-19-07 3.82 3.28
hin-10-14 282 224

|
2021

date

2019-04-05
2019-04-12
2019-04-19
2019-04-26
2019-05-03
2019-05-10
2019-05-17
2019-05-24
2019-05-31

2019-06-07

2N140.NA-14

[
2022

0.04

Housing Economics Median Price

Interest Rates 15- and 30-Year

—— 30-year
—— 15-year

~J

2020 2021 2022 2023

Housing Opportunity Index

Percentage of homes affordable to median-income families
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Import — Tidy — Transform

Understand

Visualize

Program

https://r4ds.hadley.nz/intro
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Easy web apps for data science
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Code the Future of Education

Vibe Coding

Build Interactive Geospatial
Teaching-Learning Web Apps

Prompt ideas. Generate lessons. Teach with maps.

Al-Powered Lesson Design
Turn your ideas into engaging,

Interactive Maps
Explore places, patterns, and
real-world connections.

Student Engagement

Hands-on activities, collaboration,
and inquiry-based learning.

Data Exploration
D[]u Analyze real data and uncover
geographic insights.

Web Ready

Publish instantly. Teach anywhere,
on any device.

Empower every learner with
maps, data, and discovery.

} & \H e )

l !

standards-aligned geospatial lessons.

( Al Assistant '.tj

Create a classroom map activity
about urban growth and add
quiz questions.

( @ Geolearn Classroom

Lesson Builder +

Lesson: Urban Growth @
Grade 8 - Geography

1 Introduction
Set the context

2 Expore the Map
Guided exploration

3 Analyze Dota

Anywer questions

4 Apply & Create
Student activity

S Quick Quiz
Check understanding

Leaming Objectives ®
- @ Explain pattems of urban growth

) ¢ @ Analyze spatial data and maps

© Evaluate impacts on communities

(&) Propose sustainable solutions

Dashboard Classes Lessons

Library

Essential Question

©)

Reports

How is urban growth changing our communities and environments?

Built with modern geospatial & web technologies

of Leafit | (@) GeoSON | b React | (JS) Nodejs

~ Tailwind CSS

o @ |

Map Layers 5
@B s
& cimae
@ Mobiiy

dh  Scheols

OO0 @& & & ©

Q Green Spaces

Map Tools

7 Measure
# Draw

[ Bookmarks

@ Print Map

.- e

import geopandas as gpd
import folium

gdf = gpd.read_file('urban growth.geojion’)
m = folium.Map(location=(40.0, -95.0}, 200m_start=5)
foliun. Choropleth (geo_dataegdf,
data=gdf,
columns=(*id’ 'density'),
| key_ons*feoture.id®,
‘ fill_colors*Y10rRd",
legend_name='Population Density)
| ).add_to(w)
| m.save ("lesson_map.html')

—
Quick Quiz
Question 2 of 4

Which area experienced the
highest population growth
from 2000 to 2020?

O Northview
(O Riverside
@ Greenfield v

O Lakeside

| NexttQuestion
e
Learning Progress

78%
Class Average
Map Exploration
Data Analysis
Critical Thinking
Collaboration

LS

85%

75%

-

Deploy. Share. Inspire.

Teach anywhere.




The Vibe Coding Landscape 2025

The Vibe Coding Revolution: From Idea to App in Natural Language

Complete Applications

Zero-Code App Builders Al-Powered Development
Build Full Apps, No Code Required Professional Tools, Full Projects

® lovable bolt | mm  Claude

bubble xeplié? o ¥ Tempo Agents

Professional

Design-to-Code | S A developer

Visual Builders, Ul Focus

N@_ ¢ Femer S vizard

&% Galileo Al ﬂ ONLOOK O Continue @ tabnine

No coding skills

wicursor N windsurf

<«
G’emlni
de Assis

ASSISt

Ae), GitHub
p Copilot

Ul Components

Nufargaspar.com 20+ Major Platforms | From MVP to Enterprise | May 2025

https://www.linkedin.com/pulse/state-vibe-coding-tools-may-2025-nufar-gaspar-x1znf



2026 62 ~82/ & 35Xt Al
(224 14XFAl, REF 21 XA
129 NS, O1F, HIZE (2,7429)

https://sanqillee.snu.ac.kr/2025 Al Edu/
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Machine

Lomputer “™ Math and
D at a science/I1 - Caticting
did
Science
I Software Traditional
S CI e n Ce Development Research

Domains/Business
Knowledge

https://mokeya.tistory.com/76
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Parallel clde Software
o —. Development
DATA N ! e hEs
Tid Data
SCIENCE ° e
odel Web
LANDSCAPE Depleywant mmofmf
Data Feature Discrete
%‘:g";? Cleaning Engineering Mq:t:‘mﬂcs Matrices
Q'
Linear PICIOP
et Algebra Optimization
Obi'amm_j processing | Selection
o
pothesis e —
" Bl G 7 | | G4
inferential - 27g™ Seata i ) \ o
R Java
Exﬁerfmevrhl Python Bash _5> Explorator
De'sign T Data Analysis
Descri tive Back- .
Statistics Ton Data
3 FX’P*Q"" Visvalization
GRS ‘ Supgort  Randomn
Deep Forest K, ‘
[ Leavaing ; /\ Ve Tg Types Comparlson
C'JN = Nevral ‘ N
work™ ’rrees >X6Baast | (Composttion),
A[ 'H:w-\ e 7 Relationship
Classification goré EeciSt'M
Distriboti
Su ervised Regression Trees SUL
7 Learning . Iciuﬂv:\e
g rning
Writing Y
Prmccpo-\ = .
%:;’l‘(’““ S ‘\ Guray \ Storytelling
lysis i . [ S A
Unsufcrvused Problem . A ’ /2 &
K-wmeans = " Clystering Learning Solving . / Presentation
v m——
Doma'in - (™ Gfl’l’
¢ CHANIN v
By: nﬁ NTASENAW\T Knowledge g \ duate Creaf vity
Al PROFESSOR )

u http://youtube.com/dataprofessor

https://commons.wikimedia.org/wiki/File:Data-Science-Landscape.jpg
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Open
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Resources
Open
Science
Open

Open Access

. Open Peer

Review

Methodology

https://www.openscience-maastricht.nl/the-open-science-mission/
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Open Data
MAKING DATA FAIR

Findable Accessible Interoperable Reusable

Open Economics Guide (https://Jopeneconomics.zbw.eu/en)

https://openeconomics.zbw.eu/en/knowledgebase/how-data-are-made-fair/



Sample Open-Source Software for IBM Z and LinuxONE

& RedHat

@9 docker L K £ crer e
ubuntu® @ o £3 pton J‘Wa 45 puppet  ANS'PLE
CHF openstack (2 2 . sonarqubé""'
SUSE . VM e R Sscaa & Jenkins V
@ ONTLR / JMeter”
aven :
: - HELM /APACHE O % ¥ Travis Cl
@ | - e P‘ fedoroo M HTTP SERVER PROJFCT @ ‘[Rlﬁ @ Gradle
A oliclorenshirr  ©pypy . (¥ saLTsTACK
Qapine 4 Open)d) 7 o
1 OCIefOS {) docer r\ : Zowe
Middleware & others
— , s iy
Networking & Monitoring o
OSysdlg Te,,afo,m @ /(& W &K"é‘rlvsmq A Istio
NGINX == HAPROXY </\ kit Clojure \GCC/ WRabbit
P W'Esos 0 containers =7 s . HYPERLEDGER \aooit muleEsse
E«b-i M ~1\~ .: . g .
- metheus &) podman W TensorFlow ABRIC @9 Camel (((O)))
P MilAERS = _\""' APACHE ¥
? ZABBIX 0 KUBEQROUTER |’ BASH Wi JF'\' %t \\ GEODE mosavitto
l ZooKeeper' e A Kong ®Ruby  *HIBER
oeted @ Caddy' Knative Apachetome G‘g‘wnpkm
More: www.ibm.com/community/z/open-source-software/ . At e

https://community.ibm.com/community/user/ibmz-and-linuxone/blogs/javier-perez1/2021/03/30/the-growing-ecosystem-of-open-source-software-for

e/ lunk>
thnk Solr »

S kifka. SHK
Phiventd \\|m|le 5

Grafana

& matomo
- elasticsearch 5} A

w logstash

APACHE

STORM™

E

kibana

Databases & Storage
= CouchDB :”/{

.monboDB MaricD
RethinkDB

redis
PostgreSQL m

% Myso
) sf :
GlasterFs

cassandra

) scYLLA

Q Couchbase (™) influx

‘FCockroochDB
Memcached
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An Extension of Migration Effectiveness Indices:
Accounting for the Impact of Migration on Population
Structure

Sechang Kim"? (&) | Sang-1l Lee' ()
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South Korea
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ABSTRACT

This study introduces the age-weighted migration effectiveness index (AWMEI), a new metric that integrates age-specific
variation into a single measure of migration effectiveness. Traditional indices, such as the migration effectiveness index (MEI)
and age-specific MEI (ASMEI), effectively address the first aspect of migration effectiveness—population redistribution—but
overlook the second aspect—transformation of the composition of regional populations. The AWMEI bridges this gap by
weighting net migration flows according to their age structure, offering comprehensive insights into migration's dual impacts.
Applied to South Korea's internal migration data (2001-2022), the AWMEI uncovers patterns previously obscured by con-
ventional measures. Nationally, an increasing divergence between AWMEI and MEI reveals growing age disparities in
hlights substantial age-specific population shifts even where
traditional indices indicate minimal migration effectiveness. Amid broader spatial demographic transitions, the AWMEI pro-

migration patterns. At regional and local scales, the AWMEI hig

vides a robust analytical framework for capturing migration's demographic implications. Its inh daptability further allows

broad application across diverse dimensions of population composition and various research contexts.

1 | Introduction Although the notion was first introduced decades ago
(Shryock 1964; Thomas 1941), its operationalization for empirical

As spatial variations in fertility and mortality have diminished,
internal migration has increasingly become the dominant
demographic process driving population redistribution, particu-
larly in countries where international migration remains rela-
tively low (Stillwell et al. 2001). Since it is not merely the
exchange of populations but the asymmetry in these exchanges
that drives changes in the geographic arrangement of population
(Plane 1994), much attention has been devoted to conceptualiz-
ing and measuring the unidirectionality of internal migration. In
this context, the concept of migration effectiveness is crucial.

research was advanced by Plane (1984, 1994), who formulated a
set of migration effectiveness indices (MEIs) designed to measure
the degree of unidirectionality or imbalance in inter-regional
migration.

However, it is important to recognize that migration can be
effective not only in altering population distribution but also in
transforming regional population structure. In other words,
internal migration can lead to changes in both population size
and population composition within a region (Shryock 1964);

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, provided the original work is properly

cited.
© 2025 The Author(s). Population, Space and Place published by John Wiley & Sons Ltd.

Population, Space and Place, 2025; 31:¢70049
https://doi.org/10.1002/psp.70049

10f13

| RESEARCH ARTICLE

This is an open access article under the terms of the Creative Commons Attribution License,

which permits use, distribution and reproduction in any medium,

provided the original work is properly cited.
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REPRODUCIBLE RESEARCH
WITH Open Science

Open Economics Guide (https:/openeconomics.zbw.eu/en/)

GitHub
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