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Al performance continues to improve
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The 2025 Al Index Report (2025). Human-centered Artificial Intelligence Centre, Stanford University.



Each time we advance in Al to perform tasks
we once believed were uniquely human, we
lose a part of ourselves.



A fundamental question to ask is ...

What is the core of a human that we can not
cut away anymore?

What should we educate people about?
What should the role of an Al system be in education?

How should we design education to cultivate the distinctly human
capacities that Al cannot replicate?



Al Implications for Education

3. Innovation in
education to sustain
the distinctly human
capacities & prepare

people for an Al-
ubiquitous world

1. Educating people 2. Design and
about Al so that development of Al to

they can use it support teaching and
effectively and learning processes
ethically

Luckin, R., & Cukurova, M. (2019). Designing Educational Technologies in the Age of Al: A Learning Sciences Driven Approach. British Joumal of Educational Technology, 50(6), 490-504.
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Three Conceptualisations of Al in Education

Al can be conceptualised to externalize, be internalized or
extend human cognition.

* A" =Human tasks are replaced by Al H < A
* HA = Humans can internalise Al models H > A
* H[A] = Human (H) extended with an Al (A), tightly
coupled synergistic human and Al systems.
HA]#H + A - HIA] > . ..(H, A)

The whole should be more than the sum of its parts.
Human + Al is better than the max of human or Al alone.
Changes in H, also in A, are expected.

Cukurova, M. (2019). Learning Analytics as Al Extenders in Education: Multimodal Machine Learning versus Multimodal Learning Analytics. Proceedings of the Artificial Intelligence
and Adaptive Education Conference, xx1-xx3.

Cukurova, M. (2024). The Interplay of Learning, Analytics, and Artificial Intelligence in Education. British Journal of Educational Technology.
https://doi.org/10.48550/arXiv.2403.16081
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Al in Education: A vision for the future
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g Af = Human tasks are
S replaced by Al H < A
T Most traditional
Educational Technology Replacement Paradigm:
Automation of human tasks
Most Current LLMs
Low

Low Automation through Al High

Cukurova, M. (2024). The Interplay of Learning, Analytics, and Artificial Intelligence in Education. British Journal of Educational Technology. https://doi.org/10.48550/arXiv.2403.16081
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How exactly genAl is used in practice?

Based on four million Claude.ai conversations, 4% of occupations show usage for at
least 75% of their professional tasks.

e.g. Foreign Language & Literature Teachers: Al usage for planning course

content, generating teaching materials, not for maintaining student records.

Augmentation PE3S

W Voidotion

B Tosk iteration
Automation B Loarning
B eedbock loop
I Diroctive
| 1 1 1 I I I
0 10% 20% 30% 40% 50% 60%

Percentage of Conversations

Handa etal., (2025). Which Economic Tasks are Performed with Al? Evidence from Millions of Claude
Conversations. Anthropic, Technical Report.

Automative Behaviors
Al directly executes tasks with minimal human
mvelvement

Augmentative Behaviors
Al enlances human capabilities through collab-
aration

Directive: Complete task delegation with mini-
mal interaction

Hlusrravive Example: " Formar this teehnical docn-
mentation in Markdown™

Feedback Loop: Task completion guided by
environmental feedback

Hlusrravive Example: " Here's my Pvthon scrips for
data analysis = it's giving an IndexError, Can voui
help foc ie? . Now Um geteing a different error..”

Task Iteration: Collaborative refinement pro-
CESS
[lustrative Example: " Let's draft a marketing strategy

for our new product, ... Good start, but can we add

some concrete melrics?”

Learning: Knowledge acquisition and under-
standing

fHlustrarive Example: " Can yvou explain fow newral
networks work*”

Validation: Work verification and improvement
fliustrative Example: “ve written this SQL guery 1o

find duplicare customer records, Can vou check if my

logic is correct and suggest any improvements?”



What is the impact of genAl on teachers?

. GenAl-assisted lesson and resource preparation on teacher time vs
approaches unassisted by genAl.

. 68 representative schools across the UK, 259 KS3 Science
Teachers, an extensive range of teaching experience.

. Planning time for GenAl teachers was 56.2 minutes per week
compared to 81.5 minutes in the non-GenAl group, a reduction of
31% in preparation time for teachers.

- No statistically significant difference in the quality of resources.

Roy, P., Poet, H., Staunton, R., Aston, K., & Thomas, D. (2024). ChatGPT in lesson preparation: A teacher choices trial evaluation report. EEF



Assignment

Al-generated Feedback

Feedback variants re-evaluation

Q& Now, categorise chidren sconng Dalow the 15th percantibe &5 "Low’, You Can create 3 new vanalie 10 indicate if the child i above o

under the 15th percenbile

Student response

percentile_cutol! <- gnormi(.15) datalowaremt < —i felse (dalaptotsl_z < percentide_cutol, *Low”, “Not Low") datalowyeacher «

i felse{datattotal_2 < parcentiia_cutof!, "Low", "Not Low”) headidaa

-
-~
o
s

Feedback variants

Feedback 1
w

Groat job on creating the new varables!
Your approach using anorm|0.15) to find
the cutolt is cotrect and shows good
UNSerStanding. Howewer, COnSIOe using
*1" and 0" instead of "Low™ and "Not
Low™ for easier numencal analysis. Also,
remember 10 explan your code briefly to
demonsirate your reascning

Feedback2 &3

Th

Excolent job, smart to save the
percentie! Good job on that and on the
labeling using else. | would encourage
yOu 10 use the By syntax 1o make the
stops here Clearer 10 folow, but well

cone!

POt _2*, "ttotal_z*, “low_parent®, “low_teaches*)])

Feedback3 ¥ oo
2 AN
Excelient job! Your aperoach using
gnoem|) is precise and efficent. The
felsa(] statements are wedl-construcied
for categorizaton, Consider usng the
tidyverse syntax for improved
readabiity, but ovesadl, your solution is
effective and demonsirates a sobd

understanding of the concopt

Hese oy wtarre Hroae leedback cormes o

Feedback 1 was generated by A w

Fipdback 3 vwas gisndratied by TAS =

Feedback 3 was generated by Al and TAs foe-prociacedd] o

Pliase take & maamant i ngad again thoss fesdbacks

Feedback 1
Al

Oraal jol o Craanisy th nire varkabes!
ins pEnpioach uisng goarmiilL 5] 1o find
e ool is. cormescl and shows good

UNOE Sl A, HOWE s, CONSHET LS
1= el 0" Hateed of “Liw® @afd "ot

Lioewe™ Soe paseer raamarical srabdes. Also,
FeTHsmibesT |0 i plasn your coda Dty 10

iR Ir Bl pis rdaicneg

You can m@a  change your
respooers. Taking into account The
source of the feedback (AL & ], ta
what satent &8 you now assssiabe
Ferdhack 1 L wiith 1k
Eollowing terma?

Feedback 2
Tz o

Envidlisn ok, srmail 10 Sarew This
il | Ghiced job ean thas snd on the
tybarbng using el | would encourags
WO T LS The Ty SyTiEas bD PRk 1
b et claair 10 Tolow, Bt vweell

oo

¥ou ean mew change pous
respantey, Taking ints account the
wpmce of the teedback [Ths & ), to
what extent ds you now adseciale
Feedhack I abowe  with The
Pedlewming 1erme?

Feadback 3
Al and TaAs (oe-produced) e

Esnceibiig job! Your sosenah using
gl & precibe and #fficent. The
felsa(] statermanls sre wall-consfrucied
o7 CaMBDOr 2alnn. Consier using 1hs
tichyein g frprilan Por orpenceyend rescalaiiny
bl oeerall, your solation setfeciree anag
derondirabes & fobsd usars andng of

il SEnig

¥ou ehkfi  now  ChERDe  your
responiesy, Taking inta account the
source of tho Peedback (AT and TAs
[eo-prodated) o e], 1o whal axient
do you raw associate Feedback 3
above wiihs the folloeing terma?

Zhang, A., Gao, Y., Suraworachet, W., Nazaretsky, T., & Cukurova, M. (2025). Evaluating Trust in Al, Human, and Co-produced Feedback Among Undergraduate Students. https:/arxiv.org/abs/2504.10961
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Effects of Feedback Provider and Timing on Ratings

Genuinenass

Objectivity

Lsefulnoss
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Lad

3]

44

Biind

Zhang, A., Gao, Y., Suraworachet, W., Nazaretsky, T., & Cukurova, M. (2025). Evaluating Trust in AL, Human, and Co-produced Feedback Among Undergraduate Students . s#tps.//arxiv.org/abs/2504.10961 .

Informed

Blind

Feedback Type B A1 [ Human B GCo-produced

Informed
Timing Condition

Blind

Informed



https://arxiv.org/abs/2504.10961

Replacement paradigm can provide productivity
gains In certain tasks, but quality improvements at
scale need alternative conceptualisations.



Many other challenges with the
replacement paradigm

—

. Accuracy & Reliability

. Bias

. Digital divide / Equity o

. Standardisation of Education

. De-humanising Education

. Cognitive atrophy Promoting and Protecting

: : : Teacher Agency in the Age of

. Socio-cultural issues regarding Artificial Intelligence

the commercial Al use R

Cukurova, M. (2025). Promoting and Protecting Teacher Agency in the Age of Artificial Intelligence. UNESCO Publishing



Productivity gains from the replacement
paradigm will come at a cost, we need informed
decisions about when (or if) it is acceptable.



Al in Education: A vision for the future
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Cukurova, M. (2024). The Interplay of Learning, Analytics, and Artificial Intelligence in Education. British Journal of Educational Technology. https://doi.org/10.48550/arXiv.2403.16081
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Al in Education: A vision for the future

High

HA = Humans internalise Al
_ models H 2> A
O
e Complementarity Paradigm:
O Al Models for Changing the
O Representations of Thought
-
g Af = Human tasks are
S replaced by Al H < A
T Most traditional

Educational Technology Replacement Paradigm:
Automation of human tasks
Most Current LLMs

Low

Low Automation through Al High

Cukurova, M. (2024). The Interplay of Learning, Analytics, and Artificial Intelligence in Education. British Journal of Educational Technology. https://doi.org/10.48550/arXiv.2403.16081
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Hierarchical Task Analysis

Superardinate goal: Support
Students Collaborative Learning .

e e e

1. Setting the aims of the ., 2. Maonitor the collaborative | + 3. Provide support for students'
coflaborative learning : learming process 5 collaborative learning 1
[ I :
1.1 Show the aims of the ______E-SeﬂentheaimEEfthE___ } .
collaborative learmin collaborative learnin 1 3.1a Suggest potential 3,1k Consider potential
g 2 _| &.1a Show dashboard with | ¢ |2.1b Observe the collaborative ug:fpp DEL : " 5u‘ppﬂ£ﬂ
students CL process learning process

v 2.2 Integrate the classroom .-—-
' observation with Al report

3.3 Deliver collaborative
learning support




Human competence as a continuum

Disposition

Cognition

motivation

- Stat|stical Al (supervised,
unsupervised, semi-supervised,
reinfofcement, deep learning)

- Hybfkid Al (GenAl + training
paradigms, prompt engineering
ques, model adaptation, gtc.) Interpret-

ation

Perception

%

Decision

!VI S?, iIOE' Xf Situation-specific skills \

Agent types
- Simple-reflex
- Model-based
- Goal-based
- Utility-based
- Learning

Performanh

Observable

making

behavior

/

=

Blomeke et al., (2015) Competence as a continuum



For any given task, depending
on the specific teachers’
competence and specific Al’s
affordances

Cukurova, M. (2026) A Conceptual Framework for Teacher-Al Teaming in Education:
Harnessing GenAl to Enhance Teacher Agency. OECD Digital Education Outlook.
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. . = 2
Transactional Teaming 4~ * <

feacher ALTION

Smart Learning

Assistance Tool Student mode

STUDENT MODE
Instructor Mode Student Mode
, Choose your mode
INSTRUCTOR| MODE - sI H

Instructor
mode

: e x

Audio to SL

AU 10 TEX! p—

Visual Impairment Speech Impairment

Module

Hearing Impairment
Module

Srivastava, S., Varshney, A., Katyal, S., Kaur, R., & Gaur, V. (2021). A smart learning assistance tool for inclusive education. Journal of Intelligent & Fuzzy Systems, 40(6), 11981-11994. https:/doi.org/10.3233/JIFS-210075
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Situational Teaming

Analytics  Session Highlights

Talk Patterns
Talk Ratio

36% 64%

Student Tutor

Percent of tirme talking

Talk Moves

Talk Move Distribution

4.

a1%

Rigorous

Thinking

o

Li]

Time to Think

12%

of tutor statements
have at least
3 geconds
between them

Learning Community

[50 rmiowes)

40

7

i

L]

HKeep Students  Restating

Together Relate

Diaca From

Larning/Teds hirg

More Than One Word i)

40%

of student statements

are more than
one word

Content Knowledge and @
Rigorous Thinking
[72 miowves)
54
12 &
=R —
Accuracy Revoicing Reasoning

c Pl =
,3..:} E | ]EQL"E@' | O7=

Learning/Teaching
B Infoematian l

AT Agong FEJ-H ‘o.:n:'u'r Obsarvation
P

Pedagogical Decision
arsd Action

1

Key Moments

i)

Or I'm sorry, you did four times two, which is how you get
eight here, right?

There are three exponents, but Sebastian's saying we can
only combine two of those three exponents.

S0 if I'm at negative five, how many units am | away from zero?
Salvador, do you agree with Sebastian's light terms?

And whiat's the coafficient of this term?

Mo that weve combingd the first teo 56T of like terms, who can tell ma whiat
these second two terms combineg ta?

So if v ook ot wihat's ingide of our parenthesss hens, Can wio aCtually
combine these terms !

What is the absolute value of three minus forty-twe?

And Selbastian, did you hne the samée answer or different?
Thiis. four v squaned minus seven, ane these like terms?
Faur, five, what do the numbers mean?

¥ou're right. the parenthéses shoubd ba first

S50 of these torms, which ones have the same variable and the same matching
exponents?

W have, whiat is aight minus negative

What are these tWwo Derms combined?

Sawaya, S., Jacobs, J., Moulder, R., Chandler, C., Milne, B., Fischaber, T., & D’Mello, S. K. (2025). Improving Tutor Discourse Practices via Al-Enhanced Coaching: A Piecewise Latent Growth Curve Modeling Approach.
In A. L. Cristea, E. Walker, Y. Lu, O. C. Santos, & S. Isotani (Eds), Artificial Intelligence in Education (Vol. 15880, pp. 76—89). Springer Nature Switzerland. https:/doi.org/10.1007/978-3-031-98459-4 6
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Operational Teaming a5~ SRS

Parareders — o
| 25
Tiai e E ?\ Af A‘;JFlll
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ALRian

Kool 2 Aty 4 o012 " -~ e r - ¥ -
Dikase seide e % NS ORI AN TS " You are the Tutor
. B ——
( ]
Students work individually in math Teachers manage transitions using Pair-Up Students work collaboratively in math tutoring system
tutoring system (with real-time analytics & pairing suggestions)
(a)_ (b)

Yang, K. B., Echeverria, V., Lu, Z., Mao, H., Holstein, K., Rummel, N., & Aleven, V. (2023). Pair-Up: Prototyping Human-ATI Co-orchestration of Dynamic Transitions between Individual and Collaborative
Learning in the Classroom. Proceedings of the 2023 CHI Conference on Human Factors in Computing Systems, 1-17. hitps:/doi.org/10.1145/3544548.3581398
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Praxical Teaming |

2
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Foedback Teac hing Suggestions
. Sovtie Untt Trocherastnted wd
Teacher l
(2l
Student CoFee Teacher
Automatic
) assessment
1 ) ' ossible?
. S Submit = N — Preprocess Text Cluster Feedba.ck
answer answers suggestion ]
A

. 2 = ' Manually
Improve [yes] «affects» review
answer \[,r : feedback

& : - — : suggestions )

Inol Automatically | _«influences», | Assessment | __/
@4 Satisfied? answer kncwl;edge s &
es
[yes] V Manual review
Automatic Learn from manual
Review L: Fesdback feedback review < J
feedback | L

Bernius, J. P., Krusche, S., & Bruegge, B. (2021). A Machine Learning Approach for Suggesting Feedback in Textual Exercises in Large Courses. Proceedings of the Eighth ACM Conference on Learning @ Scale, 173—182.

https://doi.org/10.1145/34 4601
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SLR of Teacher-facing Al — No Synergy

( Was 7415 articles 3.1 Teaming Level
Synergistic Level
{} Mutual Interaction in Solving Complex Problems or Generating
Driﬁlnai Context

Praxical Level
7336 articles Exchange of Knowledge about Actions and Procedures

o W

Operational Level
Cooperation of Planning and Execution of Teaching Tasks

561 articles
p—— v Situational Level
20 articles Operation based on Shared Awareness of Context —
S B Situational
sibin eafaatiadeby msmm  Operational
84 articles Transactional Level B Transactional
v Request-response Interaction for Task Automation B0 Praxical
Others

Taico

Cukurova, M., Suraworachet, W., Zhou, Q, & Bulathwela, S. (2026). Towards Synergistic Teacher-Al Interactions with Generative Artificial Intelligence. ... compiementarity
The handbook of generative Al in Education: Integrating research into practice. Palgrave Macmillan



Synergistic Human-Al teaming is Difficult

a Human-Al synergy b Hum gmentati

S

On average, human—Al teaming =
significantly better than the human
alone (complementarity); yet
performs significantly worse than
the best of humans or Al alone
(augmentation).
Task dependent: Decision making
vs content creation, for instance.

Average: g = 0.23 (-0.39 to -0.07) = .« Average: g+ 0.64(053100.74)

02024-1



From Praxical to Synergistic

Teacher and Al agent
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Al in Education: A vision for the future
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Cukurova, M. (2024). The Interplay of Learning, Analytics, and Artificial Intelligence in Education. British Journal of Educational Technology. https://doi.org/10.48550/arXiv.2403.16081
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