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Chapter 4: Discovery learning

Pierre Dillenbourg



ow do people learn ?

* by exploration, trial and error



Learning Fractions: Comparing 2 methods

5. 0h 20 40 L eadnsivirnent s ralonl smental’sr an rml—-r-/asa‘
Lo u.u_ha-—u..s._mu-ou«_..n—_nt.

7 Asessall wnmasten L - R R N e il L
[ & Les 4 optmtions - 'addition

| - panrma ey

o4 M o ANl bhs v i s Nl armmer d i Nadasio | T el dham masie

LDPYRARINT T RTI4TN WSRO B SO LT LN S T e

e T T S N T e R

Jracion | I N

wmbens aw Bl Sear s o Waddan v o nwn

PRl —

https://gomaths.edu-vd.ch/cf mix.php

o) =
ke ]

ol -
> -
ol -
-
Wl =
o) =

— G N | ] P N |

https://www.visnos.com/demos/fraction-wall



https://www.khanacademy.org/
https://www.visnos.com/demos/fraction-wall
https://gomaths.ch/fractions.php
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https://www.youtube.com/watch?v=h7uGyBcIeII
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Curriculum ?



https://upwardsleader.com/2016/10/24/how-to-lead-with-a-sandbox-culture/

Lesson A

A splountz is a triangle with 3 smaller shapes placed on different sides, one
in the same color as the triangle and the two others in a different color.

s this a Splountz ?

o Yes

« No




Lesson B
WHAS IS A SPUC ?

-~

1

f

~

AN

Positive
instances

Negative
instances



https://www.papermasters.com/intellectual-growth.html
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https://www.youtube.com/watch?v=YtLEWVu815o
https://www.youtube.com/watch?v=TRF27F2bn-A
https://www.youtube.com/watch?v=TRF27F2bn-A
https://www.youtube.com/watch?v=TRF27F2bn-A
https://www.youtube.com/watch?v=TRF27F2bn-A

Jean Piaget DART D: Infancy

TOPKC 6. Fhvsical Devalopment

Assimilation and Accommodation
How can this girl use her “dog” schema when encountering a cat?

= She can assimilate the experience into her schema by
referring to the cat as a “dog

or

* she can accommodate her animal schema by separating the
cat, and even different types of cogs, into separate schemas.

Dr Susan Hansse, University of New England



http://fr.slideshare.net/susanhansen1460/une-psy250-session-7-ist-2-years-language-piaget
http://fr.slideshare.net/susanhansen1460/une-psy250-session-7-ist-2-years-language-piaget

http://www.enkivillage.com/assimilation.html

Banging is a favorite . . . And assimilation occurs  Accomodation occurs

scheme used by babies when they incorporate new when the new object

to explore their world . . . objects into the scheme. doesn't fit the existing
scheme.

Piaget (1952) defined a schema as 'a cohesive, repeatable action
sequence possessing component actions that are tightly
interconnected and governed by a core meaning'. Basically, a

scheme is the building block of intelligent behavior



Cognitive Conflict

as key learning mechanism

 Learning-

rom experience

* Learning

oy doing

« Discovery learning
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Discovery learning lab (The SPOT)

Learning by (guided) Discovery ?


https://phet.colorado.edu/sims/html/gases-intro/latest/gases-intro_all.html?locale=fr

Axial Forces: Compression Tension Support

'Catalog

Discovery intuitive static principles (for carpenters) ?






e)qstomtlow

Learning by Dif<v/ery



Semi-Constructivism

There Ls a time for telling

No Over-expectation !



Year Mike Dave lvan
Arwen | Backhand Right
“Productive Failure” | 1988 | 14 13 13
1989 9 9 18
1990 14 16 15
1991 10 14 10
1992 15 10 16
Who's the most 1993 | 11 11 10
consistent striker? | 1994 | 15 13 17
1995 11 14 10
1996 16 15 12
1997 12 19 14
1998 16 14 19
1999 12 12 14
2000 17 15 18
2001 13 14 9
2002 17 17 10

Kapur, M., & Bielaczyc, K. (2012). Designing for productive failure. Journal of the Learning Sciences, 21(1), 45-83.

18



iy
e - q el :3il+15 1&/t1hglig
pike Arvagn = Mean = —— il o2
= 4+ goalk /jear il 2924,22b21 [
Mode =
Dowe Backhand - Mean = 222 g
= 4 goals fyear | | B WA
Mode = 3
wan Riamnt - Mean = 28O |
=-Hjogaa|s/~jear A = e L R B ST 51
Mol = 18 and 1D
e Ay " M Ak i) |' 80N
l b_' : v'T ',."‘:.. ,os
5 il
T "ff \ej—*\-.___ . st 5 T —/'\ A
_F":’ f——'l-_ﬁ '-JS-LJ'!IT;H _‘-;—"’;"' t R PoEon s lmag @
- “— i
4 19 {f g 12 2
f— B LiEL T s 15 1616 171744




e
-F‘_O‘n&ucs\m?qrﬂ: P‘mg‘(- P

. G fﬁgt
Mke has 8 ‘[«’6 SR : Frequency of years
L s = m,c_mac, above, below, and at
y : average

2 \Jeors 7 cOgR

Deve Ve '{\{chrs < oo

Gycers = pneregl
A Consistency = years at the

T yeow= > o.\c,mta( mean / years away from the
e
1 mean

Tuan hes 9 (eaE < ouCogs

D \eosS = OWC—'O%C

q \eolts > ovsOg™
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PF vs. Direct Instruction

Unit: Standard Deviation
n=139 Secondary 3 students

100 - 88 “**

@FF

Score (%)
D N W
o O O O

Procedural Conceptual Transfer
Fluency Understanding

Constructivism # Teacherless

Kapur, M., & Bielaczyc, K. (2012). Designing for productive failure. Journal of the Learning Sciences, 21(1), 45-83.



There is a time for telling

\

Exploration

Consolidation




« Contrasting Cases »

Treatment A
Compare cases

Treatment B
Read case summary

Treatment C

Compare cases

common Learning Experience

Listen to a lecture

Compare cases
again

!

Target Transfer Task

Predictions about a novel memory experiment

l o Lucinda Kelly

Daniel L. Schwartz & John D. Bransford (1998) A Time For Telling, Cognition
and Instruction, 16:4, 475-5223, DOI: 10.1207/s1532690xci1604 4




« Contrasting Cases »

7 | | | |
Comparz cases
+ Lecture
- |
Summarize
+ Lecture
- |
|
|
|

Compars casas
twice

|
|
|
|
!
!
|
|
]

! |
! |
| |
| |
! |
| |
! |
! |
% 4

0% 10% 20% 30% 40% 50%

Percant of Possible Predictions
about a Novel Experiment

NCE Lucindakelly



There is a time for telling

\

Exploration Consolidation

\

How to guide learners ?

Don't imitate Monthy Pitl


https://www.youtube.com/watch?v=PK8yQ-zpn_k

Exploration

Consolidation

1. Carefully design the data set
2. Comparisons, playing with differences
3. Conflict: trapping predictions

4. Advance organizers (metaphors,...)

5. Pushing reflection

Year Mike Dave Ivan
Arwen | Backhan | Right
d

> 1988 14 13 13
1989 9 9 18
1990 14 16 15
1991 10 14 10
1992 15 10 16
1993 1 11 10
1994 15 13 17
1995 1 14 10
1996 16 15 12
1997 12 19 14
1998 16 14 19
1999 12 12 14
2000 17 15 18
2001 13 14 9
2002 17 17 10




\

1. Carefully design the data set
2.Comparisons, playing with differences
3. Conflict: trapping predictions

Exploration Consolidation

4. Advance organizers (metaphors,...)

5. Pushing reflection -

Near-Miss instances

O ol

/X Positive
instances

||‘ | Negative
\ / instances



//www.compareanddiscuss.com/explore-curriculum-materials
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Which is better?

Gloria and Tim were asked to solve 5(x + 3) = 20.

Gloria’s “distribule first™ way

Tim's “divide first” way

(X +3) =20
first | O Sx+ 15«20
dis‘nowed. l
then| S5x+ 15-30
suhtractend Z
on both 15 15
sickas. l
IX=23
' )
;Im\lul Ly 5 5
Here is my x=1
Answeyr
o e
\ / s - S
‘\ L e~ A}
11 - \
\ ¥
\ v J
X

5(x - 3)=20

Zix 1.3 =20
) 5

y+31-4
-1 -3

0 How did Glona axd Tim find the solution to the equation?

Fire | dvided
by 5.

Then!
sabtracied
fiom beth
sicfes,

tHereismy

A8,

° ‘Which method s bettzr? What are <comwe imponant differences between Glona's “cisiribute

first” method and Tims “divide first” method?



Exploration Consolidation

1. Carefully design the data set

2. Comparisons, playing with differences
3. Conflict: trapping predictions

4. Advance organizers (metaphors,...)

5. Pushing reflection



Trapping misconceptions

2 ice cubes at midnight, t =20 C

Which ice cube will melt faster ?

32



Exploration Consolidation

1. Carefully design the data set
2. Comparisons, playing with differences

3. Conflict: trapping predictions
4. Advance organizers (metaphors,...)

5. Pushing reflection




Exploration Consolidation

1. Carefully design the data set

2. Comparisons, playing with differences
3. Conflict: trapping predictions

4. Advance organizers (metaphors,...)
5.Pushing reflection



Apprentissage
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The TinkerLamp

Guillaume Zufferey, Patrick Jermann









condition

tangible touch

6.68, p< .05

F(1,37)

Bertrand Schneider, Aurelien Lucchi






Faser abt‘eloo
Comdhition

mean = 7.84 vs. mean = 7.43
F(1,14) = .25; p > .05

Son Dolenh, Patrick Jermann

Face: ~sbiewp
Concidon

mean = 5.16 vs. mean = 5.15
F(1,14)=.06, p>.05

42



“Tentation de manipulation”

Worst group Best group
2
2
LS
£
ﬁ 1
4
oS p—
]
= Collaboration quality
™ Manipulation discussion 2 | 1.2 - 125 175
» Reflectiondiscussion 0 1.25 1 1.75
Group

Son Dolenh, Patrick Jermann 43



GROUP

- Run a simulaticn of the cirrent

|ayout
- Ask the studen's to oredict before
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Underatanding score

Post-test

Sign. effect in
understanding

Condkion

Sign. effect in
problem-solving
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Measures Warchouse study'sconditons | Evaluation of TinkerLarp 2.0 conditions
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Exploration

1. Carefully design the data set
2. Comparisons, playing with differences

3. Conflict: trapping predictions
4. Advance organizers (metaphors,...)
5.Pushing reflection

Reflection turns experience into knowledge

« heads out » « heads in »



How oo people Learn 2 = Which techiology for learning ?



Jean Piaget

To implement a complex
program, | can decompose it
into sub-problems

Obiject to
think with

If | cannot reach object A, |
can take object B that Seymour Papert

connects my hand to A . ]
Function/method in

programming language




« MICROWORLD »

-l el
a EXOLOgLU

define "carre [[size]
[repeat 4 [forward :size wait 0.1 right 80]]]

define "fleur [[size]
[clean repeat B0 [carre :size left 6]]]

fleur 100

J L

http://www.alancsmith.co.uk/logo/

Papert, S. & Solomon, C. (1971, Twenty things to do with a computer, Al Memo 248, MIT



http://www.r-e-m.co.uk/logo/companion/imagine/twentythings.pdf
http://www.r-e-m.co.uk/logo/companion/imagine/twentythings.pdf
http://www.r-e-m.co.uk/logo/companion/imagine/twentythings.pdf
http://www.r-e-m.co.uk/logo/companion/imagine/twentythings.pdf
http://www.r-e-m.co.uk/logo/companion/imagine/twentythings.pdf
http://www.r-e-m.co.uk/logo/companion/imagine/twentythings.pdf
http://www.alancsmith.co.uk/logo/
http://www.alancsmith.co.uk/logo/

define "Zum [[length divider]
[if :length < 1

1]

[

[stop]
left 45
forward :length
zum :length/:divider :divider
back :length
right 90
forward :length
zum :length/:divider :divider
back :length
left 45

]

zum 100 2

zum 100 1.5




Cognitive Conflict

(1) | want to get this >

as key learning mechanism

define "house1 [[ ]
[forward 100
right 45
forward 60
right 120
forward 60
right 45
forward 100
right 90
forward 60
1]

AN

(3) The problem is here

~ METACOGNITION




Cognitive Conflict
as key learning mechanism

* Learning from experience
* Learning by doing

* Learning from failure

* Discovery learning

Conditions:
1. The conflict is detected
2. The learner finds how to solve it

Role of the environment (sequence of projets / teacher /peer)



constructivism = constructionnism

[ |

_-_JJ‘J
( a»sv-%mwsawq.eiuj

R ool | 2 2os ot D p i -ty |
-— h—— ? e &P

' - ‘o’ - ’L‘q’. = Q-C’ i Y GP:‘ ﬁ‘-
S cna i) =)

{-o-&

nomd

snnnnnn |

http://www.srf.ch/wissen/digital/lego-mindstorms-ev3-ein-neues-hirn-fuer-komplexere-roboter

ol (.)




Itledt - Thymin Visual SPngrammeg Lasgiigs - wi 101

THMIS

https://aseba.wikidot.com/fr:thymiovpl

utube.com/watch?v=8RIEDT8bsOs


https://www.youtube.com/watch?v=8RiEDT8bsOs
https://www.youtube.com/watch?v=8RiEDT8bsOs

constructivism =
constructionnism
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FabLab@School B8 and Hands-on Learning in Education

About Blogs

T f&.av
GoGo Boards

Students using multiple sensors and a GoGo Board for thelr project.

Projects

Chedk oul past
studant projects|

FabLabs@ School ¢
Around the World

0201+

Created by Paule 2lik:temn,

Digital Fabrication

Resources

Find vselul link,
activitias, and
tutorials here!

RUSSIA STANFORD

FabLab@ School

A growing nelwork of educational
digital fabrication labs that put
cutting-edge technology for design
and construction = such as 3D
printers and laser cutters - into the
hands of middie and high school

TNE= 21 AN e
A hall-day wou ko on Bigioad
Fabecation arad Mawing In

Jucation will take place cn Menday
allemoun, Jume 24, 213,
This k= o zazell'te evert of the 12th
Intermational Conference on

Interaction Pesign and Shildren - 1€
N3,

Howto Get 2

Badpes | Report an lsz_2 Term: o Service
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http://www.3ders.org/articles/20120701-fayetteville-free-library-launched-3d-printing-fab-lab.html



From constructivism to constructionnism

FablLab+ Modular Tool

Components ToolKit (Thymio, EPFL)
Toolkit



Seymour Papert, MIT « Radical » branch

The scandal of education is that every time
you teach something, you deprive a
[student] of the pleasure and benefit of
discovery.

| think schools generally do an effective and
terribly damaging job of teaching children to
be infantile, dependent, intellectually
dishonest, passive and disrespectful to their
own developmental capacities.

Every maker of video games knows
something that the makers of curriculum
don't seem to understand. You'll never see
a video game being advertised as being
easy. Kids who do not like school will tell
you it's not because it's too hard.




Constructivism
/S \
Microworlds
Radical Quest for
effectiveness
Constructionism Guided Discovery

 Content-rich microworlds
 Simulations
*  Modelling



Quest for effectiveness: Adding Contents
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https://www.geogebra.org/
https://www.geogebra.org/
http://www.cabri.com/

Learning from Simulations
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Acquire Skills

Discover underlying model
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Learning from Simulations

More examples

An Overview paper


https://phet.colorado.edu/fr/simulations/category/physics

Inquiry learning

“Inquiry-based learning involves learners

asking questions about the natural or material world,
collecting data to answer those questions,

making discoveries and

testing those discoveries rigorously”

de Jong, 2006



Hypothetico-deductive reasoning

ok~ D

. (Raise a question)

«

Generate an hypothesis

Design an experiment

Run/simulate the experimenD

Interpret results



o ~ 0 DN

Question

Hypothesis /
/'

\

\ .

Design
Run

Interpret

But...

No clear hypothesis is formulated or
badly formulated (42% ), i.e. no
reationship between variables

Design unconclusive experiments,
students vary several parameters at at
time

Confirmation bias: to design experience
that confirm the hypothesis

35% to 63% errors in data interpretration
and graphics readings



o k~ WD

Question
Hypothesis
Design
Run

Interpret

And...

Change several parameters
Keep hypothesis despite negative evidence

Reject hypothesis despite positive evidence



Example of tools
to overcome these pitfalls
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Example of scenario
to overcome these pitfalls

(D Ask students to write their hypothesis
(@ Find student with conflicting hypothesis
@ Ask them to find out with the simulation which

hypothesis is right

Gijlers, H., & De Jong, T. (2005). The relation between prior knowledge and students' collaborative
discovery learning processes. Journal of research in science teaching, 42(3), 264-282.



The effects of any learning technology
depends upon the quality of
classroom orchestration



Cycle of engagement and reflection
by Mike Sharples, Open Universty

Find

Reflect on my
progress

Share and discuss

Decide my inquiry
my inquiry

guestion or hypothesis

Plan my methods,

Respond to my

question or eqqipment,
hypothesis actions
Analyse and Collect my
represent my evidence

evidence



Inquiry is a more open
process than simulations

A lesson is not inquiry based if:

« Students know what results they are supposed to get
* The questions and steps are pre-determined for them

* The teacher is working harder than the students

http://www.stemmom.org/2012/03/what-inquiry-is-not.html
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Constructivism

N\

Microworlds

Radical Quest for
effectiveness

Constructionism

Guided Discovery

[gle

uiry-based learning

Learning by modelling




Learning from simulations

Mental Model
Hypothetic-deductive :
reasoning
Computationa
Model O

Scientific
Model

Didatic Transformation: simplify it
for didactic reasons

Computation transformation:
approximate it for computational
reasons



Learning from modelling
Mental Model

Computational Model

B
P

Scientific Model
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Manipulating real or virtual objects ?
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The real-virtual debate: offer both!
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For you project, look for reusable exploration/simulation/problem solving activities
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Summary:

People don’t learn by being taught but by adapting their knowledge
structures through interaction with artefacts. Educational philosophy: from
telling students what to do to letting them invent things

In practice, this approach does not work very well without external support
and requires talented teachers. Learning from simulation requires inquiry
skills. Training these transversal skills are key goals of any education

Evolution of pedagogical methods from building mental schemes to
building concrete objects. Digital artefacts offer rich interactions but digital
education is not limited to virtual object. Tangible interfaces and
augmented reality open it to physical manipulation.



