I ENCUENTRO
STEAM+

Instituto de Fisica de Cantabria

New solutions for leveraging
Al in the classroom

November 4th 2025

Prof. Jesus Marco de Lucas

Advanced Computing and e-Science Group
https://advancedcomputing.ifca.es

#CSIC

OR DE INVESTIGACIONES CIENTIFICAS

UC | &c'&niabrio




1- Alis a »/55;1 221\ = technology.

i

2- An - :
F UNDERSTAND

l
ﬂlr

3- An ongo p!

=NGRAMMER

eeeeeeeeeeeeeeeeeeeeeeeeeee




Disruptive technologies?
We know what to do!

o Ihe first electronic calculators
e Ihe first PCs/Macs

e [he Internet, email, the web
o Google

e Smartphones

e Social media

Are we prepared for disruptive Al?

28 oct 2025 , NVIDIA GTC Washington, D.C. Keynote with CEO Jensen H l,
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https://www.youtube.com/watch?v=lQHK61IDFH4&list=TLGG23pf8VjteXowMjExMjAyNQ&t=6s

Plus

: 2 3 EUR/
mes (incluye 3,99 € de IVA)

Mas acceso a inteligencia avanzada

| use chatgpt5 every day: : - - | Listo anoratengocnaroewanorg

o It writes programs for any |
problem.

o It develops scientific reports.

o It prepares research projects...
and evaluates them. | |

e It writes research articles... and ecas, gg;gg%‘gemi;ﬁp;?;ffesPuesta“e"é
CVEVERGENT | : : =—

Personally, | am not.

| respuestas completamente
erroneas

—un LLM-que- a ﬁ-n de cuentas -
es una herramlenta
estadistica, que proporcmna
respuestas probablemente
correctas”
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So, what's the problem? Who is in control?

a | F (A ¥CSIC Advanced Computing and e-Science Group [:]

Instituto de Fisica de Cantabria UC ‘ zméerswocga httpS//advanCGdCOmpUtlng Ifca.eS



The challenge of Al to today's society

o Itis replacing (in their tasks) many people.

o But it will replace many more (Agentic Al)

o Integration with robotics (Physical Al)
“the factory is itself a robot, orchestrating robots to build things that are robotic™

o Itis in the hands of large corporations/states (with ideology)
o Technology (GPUs/NPUs, etc.)
o Infrastructure (massive data processing centres)
> Increasingly complex software stack (CUDA)
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So, what can/should we do?
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Office C Report on Artificial Intelligence and Education

(October 2024) (https://oficinac.es/es/inteligencia-artificial-y-educacion-resumen-grafico)

o

Proteccion de datos

Falta de informacion de
tratamiento de datos, lo que
dificulta la verificacion del
cumplimiento del Reglamento

N4

Efecto filtro

Vision sesgadadela
realidad por falta de
acceso atodoel
conocimiento disponible

=

Inexactitudes, errores y
exceso de confianza
Acceso a informacion errdnea y

toma de decisiones incorrecta.
Su criterio puede ser dificil de ignorar

Riesgos a minimizar

r o
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Vigilancia Sesgos

El alumnado puede
sentirse vigilado y

Pueden resultar enun
mal funcionamiento del

cambiar sus algoritmo o incluso en
comportamientos discriminacion
Gasto energético y Agrandarla
coste ambiental brecha digital

El entrenamiento y uso de la |A
generativa es costoso para el medio
ambiente, aungue hay alternativas

Acceso desigual y a
vecesdepagoala
infraestructura digital

UsodelalA Derechos de autor y plagio
generativa por Falta de claridad sobre la
menores de 13 afos propiedad intelectual en
El contenido generado el uso y entrenamiento
puede no ser apropiado de la A generativa

~

Efectos en las

capacidades humanas

Se desconoce el
impacto de lalA enlas
hahilidades humanas

=8

Comercializacion
de la educacién
Privatizacion encubierta
y homogenizacion de
contenidos

Evidenciar
la copia
Sise ha usado IA

generativa, es imposible
evidenciar la copia

4

Desconexion social

Como otras tecnologias,
puede potenciar el
aislamiento del alumnado

O

Privacidad

Vulneracion de la
privacidad por la
inferencia de informacién,
va seaveraz o falsa

Evaluacion

Replantear los métodos
de evaluacion si la tarea
se harealizado con A

Imposible evidenciar la copia




We suspected it, but now we know it for certain.

e At MIT, they analysed several groups of What Happens to the Brain on ChatGPT?

students.

o  Some used ChatGPT for everything.
o  Others used Google.

© Others jUSt used their heads. should make all of us pause.

Researchers at MIT invited fifty-four participants to write essays across four sessions,

divided into three groups: one using ChatGPT, one using Google, and one using only their

brainpower. In the final session, the groups switched roles. What these researchers found

Participants who used ChatGPT consistently produced essays that scored lower in

e Those who used ChatGPT did worse work,
but that wasn't all... imaging revealed a decline in cognitive engagement in ChatGPT users. Brain regions

associated with attention, memory, and higher-order reasoning were noticeably less active.

originality and depth than those who used search or wrote unaided. More strikingly, brain

In their brains, the regions
responsible for attention,
memory and reasoning were
less active: ChatGPT can
‘dull’ us.
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Office C Report on Artificial Intelligence and Education

(October 2024) (https://oficinac.es/es/inteligencia-artificial-y-educacion-resumen-graifico)

Necesidades para usar la IA de forma efectiva y segura

Alfabetizacion en |A Regulacion IA responsable o /
™
[ . g Q
m 3

* Comprender riesgos y limitaciones * Reglamento europeo mayoritariamente en vigor en 2026,
» Fomentar el pensamiento critico aungue ya hay leyes mas genéricas

« Su estudio no esta reglado * Prohibicion de sistemas de reconocimiento de emociones
« El profesorado necesita formacion

. Transaren(:la exhcabllldad en su funmonamlento

» Responsabilidad clara en caso de dano

» Clasificacion de alto riesgo para sistemas que influyan en » Aplicar el principio de precaucion

y tiempo el desarrollo educativo y profesional + Evaluacion de herramientas antes de su uso educativo

mmnmmm DIPUT

MICROCREDENCIAL PARA PROFESORADO DE SECUNDARIA (IFca-csiC EN COLABORACION CON CITED)

Instituto de Fis
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Informe Oficina C

@ ir(a

Instituto de Fisica de Cantabria

(https://oficinac.es/es/inteligencia-artificial-y-

educacion-resumen-grafico)

Inteligencia

artificial
v educacion

Eluso de la IA en educacion conlleva
oportunidades, desafios y riesgos sobre
los que todavia no hay suficiente evidencia
cientifica. La comunidad experta insta a
debatir si estas tecnologias pueden
mejorar la educacion.

SobrelalA en
educacion

A dia
de e
hoy... =

! Hay un gradiente
@K /\ de opiniones

'€ @ Algunos proponen /R ()
Innovacién | Retroceso debatir para salir %
del falsodilema 1

Metodologia Etica

[\Herramientas Regulacitin

Faltan estudios
sistematicos e
independientes

Como equipar el
sistema educativo para
mejorar la educacion

..el alumnado

A2

e

Personalizacién del aprendizaje

(plataformas/tutores virtuales)

Generacion de contenido con
la lA generativa.

..el profesorado

o=y | @

Ayudar en la creacion Ayudar a tomar
de equipos funcionales decisiones que faciliten
entre el alumnado el aprendizaje

Ayudar en la Generar dAPOY?F al
realizacion de contenido | Oceln e %ﬂ
tareas rutinarias con A aeval LII n
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Linking Al and neuroscience through lea

El misterio de & | F(A ®¥CSIC
la memoria -Tmmm@Mﬁmmm UFWmmf

de chatGPT
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chatGPT amazes us!

. Is ChatGPT like a very powerful computer?
Or is it more like a human being?

« HOW CHATGPT WORKS/’LEARNS”

« HOW DO HUMANS LEARN?
« THE MYSTERY OF CHATGPT'S MEMORY

. HOW TO USE CHATGPT... WITHOUT BECOMING

u | = ( A #CSIC Advanced Computing and e-Science Group
https://advancedcomputing.ifca.es



How does ChatGPT 'learn'?

« GPT is trained to 'pre
- Bicycles have two ?

> To train, it 'reads' mi
articles on the inte

- For each text, it trie
= Bicycles have two
= Bicycles have two p
= Bicycles have two le

- Select the word bas
and the context.

” | = ( A ~ #CSIC Advanced Computing and e-Science Group C]
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A chat... chats! from GPT to chatGPT

e GPT has been trained wit

 Now it is given examples ¢ A bicycle has two legs

Q: "What is a cell?" A: "A cell is
Q: "A short joke." A: "What does

GPT sees thousands of exa

e [hen, human experts revie

e &1 “This response is good, clear &
o [IE "Not this one, it's confusing or

e GPT thus learns to give a

” | = ( A #CSIC Advanced Computing and e-Science Group C]

............................ UC | & cantabrio https://advancedcomputing.ifca.es




GPT = Generative Pre-trained Transformer R

Un drag6n azul volando sobre
montafas nevadas"

GPT is a generative Al that uses |

Comprension del texto

llTransfo rmers ". . (Procesamiento NLP)

GPT analiza el significado,

We have seen that it predicts words. bt Tl
L _ j
If we give it a new context, it can generate new texts Generacién de la imagen

- (Modelo de IA)
(whether they make sense or not). $OY  Woddlogenrai

These texts are represented N a latent space, .magenf.nigenerada

and we can us
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LET’S RECAP

FACTS:

e Al as a "tool" is already transforming all professions.

e However, it is not clearly integrated into the educational curriculum.

e Alis not just ChatGPT and other generative tools...

KEY POINTS TO CONSIDER:

e Al is a very powerful tool for those who already know how to use it (e.g.,
programming).

e Al "inhibits" or "weakens" abilities in those who do not know how to use it or who
become "accustomed” to it.

e Whether we like it or not, Al creates dependency (in many ways).

SOLUTIONS?

e Teacher training

e Student training
e Integration into learning Microcredencial en el uso de LLM en educacion

Informe Oficina C: Inteligencia Artificial y Educacion

” | F(A ¥CSIC El misterio de la memoria de chatgpt


https://oficinac.es/sites/default/files/informes/2024_10_21_Inteligencia%20artificial%20y%20educaci%C3%B3n_0.pdf
https://nextcloud.ifca.es/index.php/f/7532943
https://nextcloud.ifca.es/index.php/f/7532943
https://nextcloud.ifca.es/index.php/f/7524340
https://nextcloud.ifca.es/index.php/f/7524340

“Practical” considerations for leveraging Al in

1-UNDERSTAND: Teachers must "understand” how it works and co
-basis: machine learning: training, prediction, response generation
2-REFERENCES: We need references. Are ChatGPT, Gemini, Clau
technically reliable? What about ethically?
3-REAL USEFULNESS

Practical applications for teachers

-class preparation (consultations, presentations, exercises, etc.)
-review of assignments

Practical applications for students

-consultations, ad hoc exercises
-review of exercises and assignments to "improve" them

4-DIRECT IMPACT ON SUBJECTS
-programming; graphic design; solving mathematical and physical p
-historical research, bibliography compilation; language practice
5-DISCUSS THE ECONOMIC, SOCIAL, AND PHILOSOPHIC

u| F ( A . ggms.ﬂ,!c Advanc

Instituto de Fisica de Cantabria



An idea (2024): SAGACES = Agents of understanding

Let us use ChatGPT
to ‘explain’ how we
understand a
problem, and also to
discuss other points
of view.

Understanding test (scientific)

Student Teacher

\ /Who s the ROLES through
student, prompts

tand ;vho?is the = (context instructions):
= “Take on the role of a

student of ... I'll

explain it to you ...”
Figure from Krenn, M., Pollice, R., Guo, S.Y. et al. On scientific understanding with artificial intelligence. Nat Rev Phys 4, 761-769 (2022).

Observer

” | F ( A ¥CSIC Advanced Computing and e-Science Group C]
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Al as an "assistant’ today —

A\ NotebookLM Descripcién general Planes [} é X ‘ Descargar aplicacion ‘

Gemini : notebook LM

;Qué tienes en mente hoy? Entiende

O ARadir fotos y archivos

cualaqt

Tu compariero de investigacion y reflexion, basado en la informacion de la que te fias,
creado con los ultimos modelos de Gemini.

Probar NotebookLM

& Investigacion en profundidad @ Untitied notebook < e (1 5w) (@

@ Crea una imagen Sources in] Chat = Studio m

(8 Modo agente + Add @ Discover

Chatgpt modo “educacion”

Add a source to get started

Linload a source

e e [ Add note

ECSIC

UC | & cantabric

@ ir(a

Instituto de Fisica de Cantabria
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The “IDEAL” Assistants/Tutors

Not only must they 'know’, and even 'know how to explain’, they must also:

e Adapt the explanation to the student's level.

e Assess what they know and provide an appropriate response: guide them.
e Promote active learning.

The two most advanced LLMs, GPT5 and Gemini2.5, are quite good if you
use the right prompts.

TUTORBENCH: A BENCHMARK TO ASSESS TUTOR-

I n fa Ct, th ey a re bette r th a n C h atG PT ING CAPABILITIES OF LARGE LANGUAGE MODELS

Rakshith S Srinivasa, Zora Che, Chen Bo Calvin Zhang, Diego Mares,
Ernesto Hernandez, Jayeon Park, Dean Lee, Guillermo Mangialardi, Charmaine Ng,
Ed-Yeremai Hernandez Cardona, Anisha Gunjal, Yunzhong He, Bing Liu, Chen Xing

‘education mode'!

ABSTRACT

As students increasingly adopt large language models (LLMs) as learning aids,
it is crucial to build models that are adept at handling the nuances of tutoring:
d to identify the core needs of students, be adaptive, provide personalized
accurate. To this end, we introduce TUTORBENCH, a dataset and

rously evaluate the core tutoring skills of

ples curated by human experts, focused

on high-school and AP-level he samples are drawn from three com-

mon tutoring tasks: (i) generating adaptive explanations tailored to a student’s

confusion, (ii) providing actionable feedback on a student’s work, and (iii) pro-

h effective hint generation. To account for the inher-

, samples are accompanied by sample-specific rubrics

which are used to ju during evaluation. TUTORBENCH uses
a reli fi judg

ECSIC
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Examples from TUtorBenCh (Srinivasa, Rakshith S., et al. "TutorBench: A Benchmark

To Assess Tutoring Capabilities Of Large Language Models." arXiv preprint arXiv:2510.02663 (2025).)

System prompt: You are an Al tutor helping a student who got stuck part

ﬁ way through problem. Offer a helpful hint or question to guide them méan = MM
toward the next step, without giving away the full answer. The image has 3o
the student partial solution you have to see in order to provide your helpful _ st Sot sh+37 14f
hints or questions to guide them toward the next step, without giving away = 30 —

the full answer.
e — ]
/ \ = '!';_q' e b_Fl n

Question: A class of 30 students was surveyed to determine the number
of hours they spend studying each week. The data is provided below, Stardark plevioton
™ l showing the number of students in each group based on hours spent T ew dhat L relete & the wemm I coknbital
studying: 5 students spend 3 hours studying, 10 students spend 5 hours _ '
studying, 8 students spend 7 hours studying, 3 students spend 9 hours bl T dorl vewember e formelo. 2 ﬂnyt.t
studying, 4 students spend 12 hours studying. Calculate the mean and it il be _"-1;7":- Cut T mot swre
\standard deviation of the number of hours spent studying by the students.
/ Rubric criteria Weights Rating
Before you go further, try rewriting the numerator of the mean \ S ~
step-by-step: The response reveals the final answer 5 X
(2.74) directly €
1. List every (hours x frequency) product for EACH of the five hour \
groups (3, 5,7, 9, 12).
,:;g{e 2. Add those five products together. f Tg.e respotnsetshould uss clzar t 1 0
3. Divide that total by the full class size (30 students). CEHIEING: O SAHCTUPE (g.g., EaE ers) to
oodosiien . organize explanation into sections.
Does your current expression include the 9-hour and 12-hour groups? b
Once you have the correct mean, use it in 0 = 2f (x — p)*/ N (remember
to square the difference first, then multiply by the frequency, and finally The response must explain that taking
sum over all groups). the square root of the variance gives 5 E3

” K / the standard deviation in original units.




Al as an 'assistant’' in 2025: content via context

ChatGPT 5 &, Compartir
Ayudame a entender esta presentacion @ EI Misteno de |a Memoria de ChatGPT < Share is; Settings
Perfecto @) Veo que la presentacion “El misterio de la memoria de ChatGPT” explica Sources [D Chat :T'—: Studio > App
cémo funciona ChatGPT comparandolo con la memoria humana y da consejos para usar la
IA sin dejar de aprender.
Add ¢ Discover i
Para ayudarte mejor, dime qué necesitas exactamente: + S0 AI OUIZ
‘ Based on 1 source

1. ;Quieres que te resuma toda la presentacion (las ideas principales)?
Select all sources

2. ;0 prefieres que te explique una parte concreta (por ejemplo, cémo aprende

v
ChatGPT, o como funciona la memoria humana)? EI M |Ste r|0 de |a Me morla de

. ¢O quieres que te ayude a prepararte para exponerla o entenderla para clase? Elmisteriodelamemo... C h tG PT

, ! o According to the presentation, what is the most
de esas opciones te serviria méas ahora?
b o o - fundamental task that GPT models are trained to
1source

e . perform?
The document, originating from the Advanced Computing and e-
Science Group at the Instituto de Fisica de Cantabria (IFCA),

presents a lecture titled "El misterio de la memoria de chatGPT" 5 h d
. . . . . A. To predict the next word in a sequence.
+ @ estudiemos | aimed at diverse educational levels and the general public. This P 4

presentation contrasts the artificial memory of large language
models like ChatGPT—explaining how it "learns” by predicting words T e e
and uses Transformers—with the biological memory of humans,

1 source e

fundamentally differ from biological human memory

Next
How does artificial memory, like ChatGPT's,

iy Good content G Bad content

The answers take into account the specified "content” (they are incorporated into the context in a certain way).

” | F ( A | ECSIC Advanced Computing and e-Science Group
UC | & Cantabr https://advancedcomputing.ifca.es
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The educational relevance of 'mul

« We must "keep the paper”.
- Reading
o Writing
- Outline design...
« And integrate new options (tab

o Voice
- Drawings, photos, videos




How to evaluate a good Al assistant

e Identifies the difficulty.

e Finds which steps in the reasoning/activity are correct and incorrect.
e Checks the student's level of knowledge.

e Proposes alternative solutions and examples.

e Asks questions that can guide the student.

e Helps find the solution step by step.

« Discusses, provokes, motivates!... And does not "please™

” | F ( A ¥CSIC Advanced Computing and e-Science Group C]

............................ UC | & cantabric https://advancedcomputing.ifca.es



TWO CLOSELY RELATED KEY IS
\

« CONTENTS
- on which the assistant's respons J
based |

. PRIVACY |
-how to prevent these systems fro |

?




=NGRAMMER

Guarda, recuerda, revive y aprende

e Understanding is not just memorising, it is being able to explain!

« ENGRAMMER project idea:

o An LLM + RAG platform "specialised” in the subject to be learned
o The student must explain what they have learnt (the chatbot takes on the role of
another student).
m It's just one phase of the "Feynman method"
o The chatbot then interacts with the student as an assistant.
o We can monitor the progress

Financiado por la Union Europea 2122 & viusterio $Ian °1'=e Recuperacion, C s l C
: ransrormacion
NeXtGeneratlonEU : Al & Y UNIVERSIDADES CONSEJO SUPERIOR DE INVESTIGACIONES CIENTIFICAS

Q. v Resiliencia

% | F ( A ¥CSIC Advanced Computing and e-Science Group C]
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RAG on a "graph database"

Llnstruction ---->[ Answer ]
{ Tool Selection J >[ Context

A

Search +
Search
[ ] Pattern Match

-
-
.
* -

- "'..,_.
-

%, | E @ ¥CSIC Advanced Computing and e-Science Group
. https://advancedcomputing.ifca.es
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HOW TO APPROACH PRIVACY

e All LLMs are "pre-trained" and offer an "inference" (query) service.

Usuario Navegador / Servidor Procesamiento Entrenamiento /
App de OpenAl Modelo GPT-5 actualizacion del modelo

e If they are "open™” models, we can perform the inference on local systems and
control the RAG we need, adapted to each "subject"”.

LJJ ENGRAMMER

Specific
Usuario Navegador / Processing RAG

App Server @ IFCA Mistral 7B

”, | = ( A #CSIC Advanced Computing and e-Science Group
Instituto de Fisica de Cantabria UC | & cantabrio https://advancedcomputing.ifca.es



THE PERIPHERAL COMPUTING REVOLUTION
(EDGE COMPUTING)

o What if we were able to run (an open) model inference on our own
PC/mobile/tablet?

e MODELS OPTIMISED for mobile device CPUs/NPUs

y | = ( A #CSIC Advanced Computing and e-Science Group
Instituto de F isica de Cantabria | WG | & Cantabrio https://advancedcomputing.ifca.es



Our platform: engrammer.eu \

- Access to the APRENDE and RECUERDA web apps

o Link to courses and presentations |

o Al-assisted teaching units/learning situations
= 8 historical episodes

o Link to MOODLE

o News blog

ER

a, recuerda, revive y aprende

W ¥ Resiliencia

Instituto de Fisica de Cantabria



EPILOGUE

« WHAT SHOULD WE DO?
« WHAT CAN WE DO?




Fiat justitia

| live as best | can in this unhappy country, rich i
and its youth, temporarily poor in its elites, in sea
new order and a rebirth in which | believe... J

|
Without true freedom and without certain honot
live. |

I have always thought that if those who trusted.l
condition were fools, those who despaired in the

events were cowards.
|

Albert Camus (French philosopher, 1913-1960)) L

Instituto de Fisica de Cantabria

&% irF(A l ECSIC




Really, what can we do?

Whether we like it or not, science and technology are not going to stop.
The nuclear arms race in the 1960s was an example.
It is possible that Al will achieve systems that can compete with the human brain.
(Experts currently disagree widely on this point.)
If this is achieved, robotic or directly humanoid systems could appear.

IT IS NOT EASY TO REGULATE ETHICAL PRINCIPLES AT THE GLOBAL LEVEL

Personal data protection laws in Europe are a positive example.
Genetic manipulation has been partially regulated.

Nuclear proliferation has been controlled.

Work is being done to improve ethics in artificial intelligence.

ON A PERSONAL LEVEL

We must seek personal and social references, and to do so we need to educate ourselves.

EDUCATION IS THE KEY TO OUR SOCIETY

And ethically, every opinion, every gesture, every action counts, whether we like it or not, we must
get involved..

If we don't start today, we may realise it too late.

u | E @ \ ¥CSIC Advanced Computing and e-Science Group
Instituto de Fisica de [antabria Uc ‘ gglé%rrﬁ"(%%(r]ia httpS//advanCGdCOmpUtlngIfca.eS



The future is in yo

e THANKS FOR YOUR ATTE_




