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Artificial Intelligence

"Artificial intelligence (Al) systems are software systems
designed by humans that, given a complex goal, act in
the physical or digital dimension by perceiving their
environment through data acquisition, interpreting the
collected structured or unstructured data, reasoning on
the knowledge, or processing the information, derived
from this data and deciding the best action(s) to take to
achieve the given goal. Al systems can adapt their
behaviour * by analysing how the environment is
affected by their previous actions.

(Al HLEG, 2019

*(A definition of learning: adaptive change in
behaviour) ( Nahalka, 2003)
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Machine Learning

Machine Learning (ML)is the scientific study of algorithms that
automatically improve based on experience. These algorithms buildl
models from training data to make predictions and decisions

without being explicitly programmed to do so.

A Supervisedlearning: Learning fromlabeled data (questiont

answer pairs).

A Unsupervisedlearning: Learning fromunlabeled data by

searching for hidden patterns and structures

A Reinforcementlearning: Learning based on trial and error, using

rewards and punishments.

Artificial intelligence

Machine learning

Supervised learning Unsupervised learning
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Deep learning and neural network

Deep learning is a subset of artificial intelligence (Al) that mimics
the neural networks of the brain to learn from large amounts of dats
enabling machines to solve complex problems.

Aneural network is an Al method that teaches computers to

process data in a way inspired by the human brain. It is a type of
machine learning (ML) process known as deep learning, which use
interconnected nodes or neurons arranged in layers, resembling th
structure of the human brain.
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i i Natural Language Processing (NLP):Natural
SpeC|aI deep Iearnlng tools language processing is a branch of artificial

intelligence (Al) that focuses on enabling

Transformers : A deep learning model (neural network architecture)] | COMPUters to understand, process, and
originally developed for processing language data (sequences). Its| | 9enerate human language. Itis an

key feature is theattention mechanism (especially self-attention), interdisciplinary field that combines principles
which allows it to simultaneously consider all parts of the input datg | of linguistics, computer science, and artificial
(e.g., sentences) and weigh their importance relative to one anothey. | intelligence.

This made it much more effective at handling longerm
dependencies than previous architectures.

Large language models are specialized, extremely largescale
applications of deep learning (typically based on the Transformer
architecture). They are trained on massive amounts of text, which
enables them to understand,analyze and generate human
language with nuance. Supportvecor madhneg_ JARIRERINEIE
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component agalysis

Artificial intelligence

Machine learning

Supervised learning Unsupervised leaxning

Linear/logiS¥g regression

Random forests

. k-means cluering
k-nearest neighbors

Boosting ensembles <
adversarial

Autoencodgse
networks
DIGITAL INNOVATION AND _ TransformersAy . iral lanquade
COMPETENCE IN EDUCATION I UGN Diffusion \Large Ianguag -
networks models processing
models

Deep learning

Computer vision

Robotics
Reinforcement learning



https://ai4dk12.org/wp -

'TESl i

' AZ NKFI ALAPBOL

MEGVALOSULO
PROJEKT



Text-to- Text-to- Image-to-
el T | T l
DA e Dreamfusion Magic3D Flamingo VisualGPT
\
> Imagen Muse <

NKFI ALAPBOL

GVALOSULO

-~ (Gozalo-Brizuela & Garrido-Merchan, 2023)

v




Ams] | ¢ T 4egeb@dogle-G1 Y Y 'n WH 1J Ushdaskcor standard that requires advanced
knowledge or thinking (at the level of a university degree) and cannot be solved through a simple
internet search.

100
Grok-4 Heavy
90 a 375 . Gemini 2.5 Pro Preview 06-05
E 90 ¢ onne
ol -pl’/ @ G - @
80 ® A" 8
o1-preview @ I\
GPT-40 E4 = A\
/@ ¥
Tf‘- .I
70 & ® - X ] t? 6
% > 7 8 v &
Gemfdipuderssd Sgnnet ~ ~
60 G—A G v &
| (AN
Claude 30
C © / c
50 A\ N Xl & 7\ == &)
G : o a E - r N
/ ¥ L/ I ;
a YL Lrli
2 ~
% a -
40 GPT/ A\ — @ A d E G
od A ol .| $;‘_ l'l‘
GPT-3.5 Téhbo Xi = ~ [
A\ . () ) N
30 © X = - Wy
28
N A 2 QN S 2 A ° 2 1 ® oo Al o NN 1 N 1% .0 Ab 3 A 2 A0 20 _o° 5
© A b - O \:/:1 O b k‘_. p 0 kﬂ I‘:L: - W \\ .h‘\.“ A N \'\ = ¥-\ o) - O O A - M G o™ ey -~ - Q _-\ O Q\_ —I.ﬂﬂ’.;’h -~y 0 Ty O
0 Q 0 Q) Q 0 Q 0 Q 0 Q 0 Q ,._—Q.f Q “‘,:\ Q- Q ~0\ ,—.Q. 0 oL~ Q QL ) 0 Q el O - 0



Best LLM - Code
Aider Polyglot benchmark

1 GPT-5> 88.0

2 Gemini 2.5 Pro Preview 06-05 82.2

3 o3 81.3

B 00 Longest Context Model

Max Input Tokens

1 Llama 4 Scout » 10.0M tokens
2 Gemini 1.5 Pro 2.IM tokens
3 Gemini 1.5 Flash 1.0M tokens

@ 30 hours

of a podcast

~150 words per minute

https://lim -stats.com/

Best Multimodal LLM

A

e @ MMMU benchmark

1 GPT-53 84.2
2 o3 82.9
3 Gemini 2.5 Pro Preview 06-05 82.0
P Cheapest API Provider

Llama 4 Maverick Input Cost

1 Deeplinfra $0.17 / 1M tokens
2  Novita £0.17 / IM tokens
3 Lambda 3018 / M tokens

As a rough guide, 1 million tokens is approximately equivalent to:

I 1,000 pages <J>
of a book

~500 words per page

Best LLM - Knowledge

AR

= x‘ GPQA benchmark

1 Grok-4 Heavy > 88.4

2  Grok-4 875

3 Gemini 2.5 Pro Preview 06-05 86.4

€ 6 Fastest AP| Provider

i
- Llama 4 Maverick Throughput

1 Sambanova 639 tokens/s

2 Grog 307 tokens/s

3 Together 98 tokens/s
60,000 lines' {F1 ALAPBOL
of code TALOSULO
~B60 characters per line .
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IQ Test RES“ItS Show Offline Test || Show Mensa Norway‘ =

Mensa Norway IQ Scores (Average of last 7 tests)

What is the highest IQ an LLMreceived on the Mensa test?
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This site quizzes 27 Als every day | Last Updated: 04:53AM EDT on August 25, 2025
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Exhibit 1 - Generative Al Significantly Boosts or Hurts Performance,
Depending on the Type of Task

Difference in individual performance with
GPT-4 compared with control group (%)

40

Creative product innovation Business problem solving

Sources: Human-Generative Al Collaboration Experiment (May-june 2023); BCG analysis.



Exhibit 2 - Generative Al’s Performance Effect Is Strongest When Baseline

Proficiency Is Lowest

Average change in performance with GPT-4 (%)
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Ratings of Al-generated and human -generated
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Broadening digital access

Growing working-age populations
Increased efforts and investments
to adapt to climate change

Increased focus on labour and social issues

Ageing and declining working-age populations
Increased efforts and investments
to reduce carbon emissions

Increased government subsidies and industrial policy

Al and information processing technologies
(big data, VR, AR etc.)

Increased restrictions to global trade and investment
Energy generation, storage and distribution
Increased geopolitical division and conflicts

Mew materials and composites

Rising cost of living, higher prices or inflation
Stricter anti-trust and competition regulations
Semiconductors and computing technologies
Cluantum and encryption

Bictechnology and gene technologies
Sensing, laser and optical technologies
Satellites and space technologies

Slower economic growth

Robots and autonomous systems

https://reports.weforum.org/docs/WEF_Future_of Jobs Report_2025.pdf

5.5M

590 <

3.8M §

-10

ww Jobs created = Jobs displaced < Net effect
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Description

Sample
skills in the
category

MACHINE SKILLS IMPACTS

AUTOMATED TASKS:
MACHINES DO BEST

Core functionalities and processes are
entirely managed by Generative Al,
making hurman intervention minirmal
or unnecessary.

Machine-only

* Creation of images

* Creation of written content

* Data sorting and categorization
* Routine forecasting

* Language translation

+ Simple graphic design

* Simple trend spotting

AUGMENTED SKILLS: HUMANS
WITH MACHINES DO BEST

Fundamentally human, but their
efficiency, scale, or depth is enhanced
when paired with Generative Al tools.

Humans with machines
* Creativity

+ Analytical thinking

* Problem solving

* Research

+ Data visualization

* Strategic planning

* Predictive analytics

* Rapid prototyping

HUMAN SKILLS IMPACT

NEW SKILLS:
HUMANS NEED

With the emergence and integration of
Generative Al in various sectors, there are
entirely new skill sets that professionals
need to acquire to stay relevant and
efficient.

Human-only
+ Al ethics and regulation
+ Al-human task management

* Generative Al output customization

NEMZET! KUTATASI, FEJLESZTESI
ES INNOVACIOS HIVATAL

LIMITED IMPACT TASKS:
HUMANS DO BEST

Predorminantly human-centric, with
Generative Al having minimal to no
influence on their execution. They rely
on uniquely human traits or complex
judgments that Generative Al can't
replicate (yet).

Human-only

* Persuasion and negotiation

* Motivational leadership

* Ethical judgment and integrity
« Compassion

+ Building human relationships

* Physical dexterity

AIVILAT VLA SOV LS

PROJEKT

https://lwww.deloitte.com/content/dam/assets -zone2/de/de/docs/services/consuIting/2024/DeIoitte_GenAI—Future—of-Work.pdf



FIGURE 1
The many ways humans can friend a machine at work

Suggest and iterate:
Machines make
real-time suggestions
that humans consider,
with a frequent and
iterative dialogue and
loop between the two

Sequence:
Humans and
Type of machines perform
interaction work separately and
with Al in sequential order,
but check on one
another's work

The supervisor The doppelganger
Replicate:
Machines replicate
human work with
human oversight
as needed
The subordinate
Machines as Machines as Machines as
supervisors teammates subordinates
Type of authority of Al
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https://www?2.deloitte.com/uk/en/insights/topics/talent/
human-machine-collaboration.html

Type of collaboration

Definition

The supervisor

The prioritizer

The personal coach

The muse

The collaborative
decision-maker

First pass at a task

The triage nurse

The doppelganger

The subordinate

An algorithm allocates tasks—for example, a ridesharing company that uses Al to
dispatch rides to drivers who have a few seconds to accept or reject a ride request
without knowing the destination or fare. Performance and pay are determined by Al
An algorithm also decides when morale-boosting motivational messages are needed.

An Al algorithm addresses a list of tasks—sales leads to be pursued, medical
problems to solve, fundraising opportunities to follow up on—and ranks them in
terms of their importance or potential value. The human worker then pursues them
in order, sometimes with suggestions from the machine about how to do so.

Al discovers the human worker’s strengths and opportunities for improvement
on a specific task (such as a telephone or video sales call), resulting in continuous
engagement with Al to improve the human's performance.

Multiple creative suggestions are prompted by a human, output by a machine, and
iterated in an ongoing collaboration. Examples include design suggestions based on
architect prompts and Al-driven generative design.

Complex decisions, such as medical diagnoses, are made in a dialogue between Al
and humans, and where Al can improve decisions by enumerating available options,
helping people weigh them objectively, and suggesting the highest probability of
successful action.

A machine performs the first pass at a task—a life insurance application, a medical-
coding categorization, an analysis of an MRI scan—and makes a preliminary decision
or judgement. The human worker reviews the analysis and determines if it is correct.
The order of this sequence could also be reversed.

Al assesses the problem (medical symptoms, for example) and decides whether a
human consultation is necessary; if not, it dispenses advice to address the relatively
minor problem.

Machines learn from a human or group of humans to mimic their behaviors and
decisions, so that the human(s) can be replicated digitally.

Al systems perform menial, structured tasks (like extracting key data from documents
or faxes) under human supervision and review.

Deloitte Insights | deloitte.com/insight
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Al In Education

A Not a new problem : use of Al in education is spreading A change in the
guality of teacher-student interaction (Garito, 1991); Al ope
box o of Luckiatetali201§) (

A (Too) optimistic expectations : potentially revolutionary for teaching and
learning (Florea & Radu, 2019), enhances the quality of education
worldwide (Mondal, 2019); solve global teacher shortage (Edwards &
Cheok, 2018) CONMEO DL BN

I'IEKI/I HCKI/II/I KOHCEHCVC
!ly(ﬂ'lEHIW ly WHTENNeKTY

ack

BEIJING CONSENSUS
elligence and education
CONSENSUS DE BEIJING

A Al to potentially enhance studentsb® and
work without replacing them (Reiss, 2021) A use of Al for quality and

inclusive education (SDG4) (Beijing Consensus)

AIiﬁS&E

Educatjon
20301&

Imperative

response | Altering
authority

(Bearman et al., 2022) AZ NKFI ALAPBOL

- MEGVALOSULO
NEMZETI KUTATASI, FEJLESZTESI

ES INNOVACIOS HIVATAL PROJEKT




The problem of Al ineducation

A GenerativeAlasdisruptive innovationin education
A if HEIs prohibit the use of generative Al writing tools, almost 75% of students are still intend to use

(Ferrq 2023)

o Po Po o

al Ye Ul WPMEWYnWaqleHGII + WecUT Wel GRURY ql ¢qVYl t Ws 6
generative writing Al tools will harm student learningHerro, 2023

i Al Y nusesCGhitGPbrlectures studentsdemandtuitionfeerefunds Wbl ¢ R @ NiYRimEs M= P L
Al use has reduced lesson planning time by 330% Setyaningsihet al., 2024)

Al has a positive impact on pedagogical creativity and interdisciplinarity (unusual combinations

of resources) (van den Berg et al., 2023)

Imperative (—

(Bearman et al., 2022)

A Al asan inevitable change
and education must
respond

A Al changes educational
institutions

A Educational institutions
must adapt

response

A

A

Altering
authority

Decentralization of the teachers A
role, redistribution of
responsibility between other

_ AZ NKFI ALAPBOL
staff members , machines, MEGVALOSULG
Companles and StUdentS MZETI KL"['._J'\'I}"QI, FEJLESZTESI
Al changes traditional power ES INNOVACIOS HIVATAL PROJEKT
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Thedifferent roles of Al in education

Roles of Al:

AAl as a new subject : replacing
original subjects (instructor
students , peers) as pedagogical
agents or social robots

AAl as direct mediator : facilitate
relationships and serve as a
platform and a tool

AAI as a supplementary
assistant : support relationships ,
educational data mining and
learning analytics

(Xu & Ouyang, 2021)

T LT T T T L L

Instructional
Process

: Student-student relationship !

. Peer/Learning companion

Collaborative
Process

r

_______________

Roles of teachers :

Sources and models of effective
teaching to train Al

Provide data for Al (student data,
own professional learning data)

Provide criteria for assessment,
checking assessment results

Pedagogical guidance for selecting
materials

o Do Po Do D>

Provide technical assistance in the
use of Al

(Celiket al, 2022)

Tutee/Novice learner

Student

______________

Learning Process 4- APBOL

ULO
Student-self relationship



How do students and teachers use Al?

LEARNING CODE _
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How do students use Al?
Anthropic Education Report

Common requests across subjects

Computer Science

Common Requests

Create and debug C++ programs

Troubleshoot Python code and errors

Teach programming fundamentals with examples
Explain machine learning concepts

Develop and fix data visualization code

@ Business

Common Requests

Provide assistance with accounting concepts and problems
Analyze business case studies

Answer finance questions with calculations

Explain project management concepts

Create practical negotiation exercises

wﬂ Natural Sciences & Mathematics

Common Requests

Solve and explain statistics problems
Work through physics problems with detailed explanations

Answer earth science questions
Tackle calculus problems with step-by-step explanations

Solve chemistry calculation problems

Social Sciences & History

Common Requests

Support academic writing about international relations
Explain social science theories

Debug and write Stata code for data analysis

Analyze specific court cases

Solve game theory problems

https://www.anthropic.com/news/anthropic -education-report-how-university-students-use-claude
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How students interact with Al

Direct

A3

Collaborative

txd

Problem
Solving

®

Student seeks
direct solutions or explanations

Example:

“Solve and explain differentiation
problems in calculus”

Student seeks
guided problem solving

Example:

“Teach programming fundamentals
with Python examples”

Output
Creation

Example:

“Create academic text summaries
and condensed versions”

Example:

“Provide feedback and revision for
student writing assignments”

L
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