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Adaptive learners in the age of Al:
Leveraging SRL theory to human-Al
collaboration

Prof. Sanna Jarvela, University of Oulu



\lz

i

What are the human strengths in the age ofAl?
How can we help learners to be adaptive?

Why Human-Al collaboration is important?
Hybrid Intelligence augmenting humans

How do we study Hybrid Human-Al regulation?

Hybrid Intelligence | University of Oulu



[\,\,E;/] In the age of Al humans still have something
that machines don’t have: metacognitive ability

Al does not have agency.

Humans are powerful expressing
affect and interpreting emaotions.

Human mind is able to operate with
cognition, metacognition, motivation
and emotion in dynamic way.




NP “experumentung witiv yowr learnung’
' Learners can monitor and regulate their learning

and transform their mental abilities into skills and competences

Jarvela, S., Hadwin, A.F,. Malmberg, J. & Miller. M. (2018). Contemporary Perspectives of Regulated Learning in Collaboration. In F.
Fischer, C.E. Hmelo-Silver, Reimann, P. & S. R. Goldman (Eds.). Handbook of the Learning Sciences. Taylor & Francis. e melisence | universiy ofoul
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Treasuring uniquely human skills and competencies
that machines cannot match or replicate
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What Is adaptive learning?

Hybrid Intelligence | University of Oulu
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We have been
studying SSRL for
theory building,
methodological
development and
empirical evidence
aiming for
adaptive learners
and better
collaborative
learning.
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g What Is self-regulated learning?

(e.g. Winne & Hadwin, 1998; Zimmerman 2002)

Task
understanding
Adaptation Monitoring Goal setting

Strategic

enactment

SRL is an ability to be strategic and make adaptive changes
In terms of your cognition, motivation and emotions



Adaptation

IS a mark of
regulation

-

~
regulation, co-regulation
ene, (Eds.). Handbook of

ollaborative learning
g and Performance (2"9

Hadwin, A. F, Jarvela, S., & Miller,
environments (pp. 83-106). In D. Sch
Ed. New York, NY: Routledge A

-



Socially s
groups ta
together t

nared regulation (SSRL) involves
KIng metacognitive control of the task

nrough negotiated, iterative fine-tuning

of cognitive, behavioral, motivational, and
emotional conditions/states as needed.

Jarvela, S., Malmberg, J., Sobocinski, M., & Kirschner, P. (2021). Metacognition in collaborative learning. In U. Cress, A. Wise, C. Rosg, &
J. Oshima (Eds.), International handbook of computer supported collaborative learning (pp. 281-294).

Hybrid Intelligence | University of Oulu
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Skin Conductance Response (SCR)

- Phasic Component
SCR - Onsets

® SCR - Peale
L

Jarvela, S., Nguyen, A., & Hadwin, A. (2023). Human and artificial intelligence collaboration for socially shared regulation in
learning. British Journal of Educational Technology, 54, 5.

Hybrid Intelligence | University of Oulu
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Why human-Al collaboration is
iImportant?

Hybrid Intelligence | University of Oulu
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Data-driven Al Is stlll too narrow to help humans

Human-Al collaboration combines strengths of humans and machines
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i Timely questions

Jacobs Foundation @Foundation JF-3 h
21%. That's the % of #EdTech companies who
have a piece of #evidence to support their
programming.

Listen to @libbylhhills & @ionsol, Co-Leads of
our Learning Schools portfolio, on

@Zanichelli VC, discussing how we can tackle
this issue: bit.ly/42leAkN #Education
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Crises impagt humans
Pandemics

Climate change

Conflicts
| ¢ gy e.g. 200 million children worldwic
live in high-intensity confl
3
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Future work and skills

Uncertainly >< developing human
capital in society.

Re-skilling and up-skilling in
developed economies.

e.g. 50% of jobs are expected to be
significantly affected by automation,
14% of jobs are at high risk of automation

Hybrid Intelligence | University of Oulu



E;E;’J Aging and care

Utilizing Al and other
realities for wellbeing,
care and training
professionals

e.g. WHO predicts
International shortages
mounting up to 9.9 million

healthcare workers by 2030.
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P \ Al Wh ét is HYBRID INTELLIGENCE?

‘Helping humans and machy
ﬁ to understand each

/ D 1repiace d OMmple
HYBRID . .
INTELLIGENCE | x intelligence.
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Why HYBRID INTELLIGENCE?

Current data-driven Al is still too
narrow to help humans, as it is
lacking in social and emotional
intelligence being restricted by
reality.

By placing the emphasis on mutual
understanding and learning from
each other, we combine the
strengths of both humans and
machines in their co-evolutionary
processes.



HYBRID INTELLIGENCE

We propose to build the idea of a metaverse by
combining our physical and virtual realities in a
movement towards a multi-reality.



Ny HYBRID INTELLIGENCE 2023-2028
it Human-Al co-evolution and learning in multi-realities (HI)

(HI.1)
HS5) Data Data and

forum > algorithms:

How human and
machines understand

(HI3) each gther (H|4)
Multi-reality: @ Quality of life:
Extending human mind

Utilizing technology in
wellbeing and new areas of life

by reality that co-exists

(HI.2)
Humans:

with physical world
Understanding learning
process to augment

humans

H5) Ethics 8o
forum >

Impact: e.g. novel educational methods, personalized
learning, training for medical professionals, more
effective diagnosis with Al and experts, distant human-
centered care

Al and Human reinforce each other in ethical, responsible and productive.ways,

OOOOOO
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Industry: FrostBit Software Lab, R&D Partner and Learning Environment in XR, YLE, Varjo, Kone, and Dispelix

Policy makers: OECD, Ministry of Education and Culture, Finnish Transport and Communications Agency and

International Telecommunication Union. \ /
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HI video

Hybrid Intelligence | University of Oulu



How do we study
Hybrid human — Al regulation?

Hybrid Intelligence | University of Oulu



\l/

i

. \l/
What are we doing @  LET

UNIVERSITY
OF OULU

1. Use data to understand SSRL.

2. Use Al to make data meaningful for us.

3. Help learners and Al to collaborate.

4. Augment learners to be more adaptive
self-regulated learners

“Translate” Al to SSRL for evidence based
educational technology

Hybrid Intelligence | University of Oulu



Data type Datastream Cognition Metacognition = Affective states Motivation
Coagnition Metacognition Affect/Emotions | Motivation
Log files Contextual Self-report
Survey M | rt——)
Eve tracking Tt
Interview

<~ \ ‘ Video data -5 -

Physiological ; %
sensors MetaTutor:: @
s . Voi : X o/
360° video+audio i Dice daa i1 |
videotaudio, 7 :
L y | Dialogue (i s
Facial recognition | : &
5. Think aloud r T
Situated i Behavioural Log data @
self-reports L 4
@ g

. L T
- Eye trackin
T Jarvela, S., Malmberg, J., Haataja, E., Sobosincki, M. & Kirschner, P. (2021). i
What multimodal data can tell us about the self-regulated learning process? e o
T Learning and Instruction, 72, | R o = :_/
EEG o
\ I / Molenaar, |., de Mooij, S., Azevedo, R., Bannert, M., Jarveld, S.,
& Gasevi¢, D. (2023). Measuring SRL and the role of Al: Five
LeaF years of research using multimodal multichannel
UNIVERSITY data. Computers in Human Behavior, 107540.

OF OULU
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Our research progress to understand (S)SRL
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LET Data Evidence about social and Human-Al
UNIVERSITY collection emotional factors in CL collaboration
OF OULU
0 MC monitoring &
= .
J physiologal syncrony Albased

Haataja et al. 2020
( J ) methods for

Physiological automating,
activation and modeling
emotions and
(Térmanen et al. 2022) predicting
Gazes and visual cues regulatory
(Cini et al., 2023; triggers
: : ' : N tal.,
Evidencing SSRL Whitehead et al., 2023) (zogl:?)/en eta

HR as change point

detection
(Sobocinski et al., 2020)

Jarvela et al., 2013

Patterns of social

Interactions
(Vuorenmaa et al. 2022)



Raw and Cleaned Signal

Human : TE] o Teac h_
Learning - o machines

70% negative

Understanding learning process

Skin Conductance Response (SCR)

60%
50% surprise
40%

30%

20% neutral

10%
0%
BeforeCT AfterCT AfterET1 AftereT2 AfterET3
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INTELLIGENCE  J&rveld, S., Nguyen, A., & Hadwin, A. (2023). Human and artificial intelligence collaboration for socially shared regulation in
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L learning. British Journal of Educational Technology, 54, 5.



Human-Al
collaboration
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Jarvela, S., Nguyen, A., Lamsa, J., Edwards, J., Sobocinski, M., Dang, B & Whitehead, R. (2024). Learning regulation
with Al — promoting adaptive K-12 learners (in prep.)
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Human (- Al)
collaboration
IN Metaverse
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MAI Metacognitive Al agent

Intervene

I noticed thatyou are facing a
difficulty...How is your current approach
helping you achieve your goals?

I noticed that you might be
confused....Can you explain what
are you trying to understand now?

I noticed that you are thinking of
your individual perspectives...
How can you progress as a group?

Lack of shared perspective

Negative valence

Detect Sy .
monitoring cognition
Increase
Lack of conceptual metacognitive
understanding awareness

Edwards, J., Nguyen, A., L&ms4, J., Sobocinski, M., Whitehead, R., Dang, B., Roberts, A.S., & Jarvela, S (2024, submitted). How
artificial agents influence socially shared regulation among learners
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CELLA aims

Design and implement
Al-driven systems for

supporting learners to
improve their SRL skills

Develop practices
that boost agency of
learners while
working with Al

To equip K-12 learners
to learn, live, and work
in the age of Al

Inform policy making about
the application of Al in
education

cellas

Centre for Learning and Living with Al



Trancglatina dinaital trace-data tn SRl <ciinnanrt
SRL when writing from multiple source texts

Going through
instructions

Reflecting

Searching Checking available

time Drafting Editing

essay

Making notes on
source texts Highlighting

essay

) | Oriehting Monitoring Writingwh /

——

Planning Reading Re-reading Evaluating

(e.g., Rakovic & Winne, 2022; Winne & Hadwin, 2013; Fan et al., 2022)

Lamsa, J., Mooij, S., Aksela, O., Athavale, S., Bistolfi,S., Azevedo, R., Bannert, M., GaSevi¢, D., Molenaar, | & Jarvela, S.
(2024, submitted). Measuring secondary education students’self-regulated learning processes with digital trace data



University of Oulu

Research reach

200+ students,
2 schools, 6 teachers

Research areas

Self
reports

Qualitative and
quantatitive insights on
self-regulated learning

GenAl for supporting
metacognitive
awareness

cellas

Centre for Learning and Living with Al



How much GenAl can revolutionize learning?

SRL is laborous

Too much or too little
help for learners
metacognition?

Lamsa, J. Li, X., Aksela, O, Kaarlela, M:, Rakovic, M., Gasevic, D. & Jarvela, S. (2024). Using generative artificial
intelligence to scaffold students’ metacognitive awareness. 14th International Conference on Learning Analytics &

Knowledge (LAK24)

o BB

Student’s Prompting GPT-4 to raise student’s
log traces metacognitive awareness through
detected (meta)cognitive
n processes from log traces

Student in writing
task with low Y
metacognitive m _ é
strategy knowledge _ tml
> - —>

1010 — —

Prompting GPT-4 to raise student’s
Student’s metacognitive awareness through
metacognitive detected (meta)cognitive
strategy knowledge processes from log traces and
and log traces their level of metacognitive
strategy knowledge

Racnlte and RNicrliecinn

"You have familiarized yourself with the task instructions
and evaluation criteria, which is great. Now it is important
to make sure that you understand the requirements and
objectives of the task. Consider how your previous
knowledge and the sources available to you can help in
this. Focus specifically on the core questions of the task
and on how you can utilize them as you plan your work
and set your goals.
and

Scaffolding student with GPT-4 output
- One explicit strategy suggestion
- Three implicit strategy suggestions

"Hil You have done a good job highlighting important
parts from your source materials.

Now, as you write your draft, think about how you can
integrate these highlighted sections into your own text in
a way that supports the goals and criteria of your task.
Also remember to check your plan and evaluate how
much time you still have left

Scaffolding student with GPT-4 output
- Two explicit strategy suggestion
- One implicit strategy suggestion

cellas
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132 Gavriel Salomon

cognitive residues rather tl lamalia,
Bereiter, Mcl.ean, Swallo

It is not the computer that shoul _ , and the

planning. It is the student. The -‘ iding the
knowledge and intelligence to g Y . acilitating
structure and tools that enable s vn intelli-
gence and knowledge. (p. 54)

In Salomon, G. (1993). Distributed cognitions. New York: Cambridge University Press.
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