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What did you learn ?

To solve equations

To compute a standard deviation

To play soccer

To appreciate Giacometti

To ride a bike

To wake up early

To accept that people have different opinions

To be happy despite problems



“Informal learning is learning that occurs
= in daily life, in the family, in the workplace, in
informal communities and through interests and
activities of incividuzls.”

“Non-formal learningis learning that has
S ; ‘aeen acquired in addition or altemawely to
non-formal | formal learning. In scme cases, itis also
structurac aooordmgw ecucational and
training arrangaments, but more flexible.
Itusually takes place in cotm\uniw-basod
’fsettmgs. workplace and through the
activities of avil society organisations

https://www.naij.com/1115900-types-education-characteristics.html
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LIFELONG AND LIFEWIDE LEARNING
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. INFORMAL LEARNING ENVIRONMENTS

https://medium.com/@OfficeofEdTech/lifelong-and-lifewide-adult-learning-808933a336



Digital technologies blur the lines between formal and
informal education

Formal

Informal

E-learning

Simulations

MOOCs

Museum guide

YouTube

Facebook




@

Examples of exam questions

In the following learning environment, would
the learner rather encounter problems due
to cognitive load or to metacognition ?

What should you change in this learning
environment to engage the learner into
inductive reasoning ?
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The Lecture Modlel

Information
Perception
Processing

Storage

Knowledge



The Lecture Model

Information

Perception saus
Sensory -
Memory The capital of Greenland is Nuuk

Processing

Storage
WWQ@JW




As you can guess, the Danish name of this city is Godthab
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What is the capital of Greenland ?



The Lecture Model

Information

Pe = pt I o
Sensory
Memory

Y. second

Processing

Working

Memory The capital of Greenland is Nuuk
20-30 seconds

Storage

Knowledge
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My phone number is 079 474 48 99

Remember it and call me after the video (1 min)

Don’t write it 1!
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My phone number is xxx Xxx xx xx

Call me now
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The Lecture Model

Information
Perception ceco
Sensory
Memory The phone numberiis ....
%4 secon
PFOCeSSI ng Articulatory Loop
Working

Memory

Storage 20_30%] )
Wgéjw
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My phone number is 078 676 48 55

Remember it and call me after the next activity
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READ ALOUD

Nuuk has a long history of habitation. The area around Nuuk
was first occupied by the ancient pre-Inuit, Paleo-
Eskimo people of the Saggaq cultureas far back as 2200 BC

when they lived in the area around the now abandoned

settlement of Qoornog.

18
https://en.wikipedia.org/wiki/Nuuk



My phone number is xxx Xxx xx xx

Call me now
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The Lecture Model

Information

Perception ceco
Sensory
Memory The phone numberiis ....

Y4 second

Processing

Working
Memory

20-30 segonds
Storage /
W « Dual Task »
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My password is 32 45 80

Remember it and call after reading this text aloud
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READ ALOUD

For a long time, Nuuk was occupied by the Dorset

culture around the former settlement of Kangeq but they

disappeared from the Nuuk district before AD 1000. The
Nuuk area was later inhabited by Viking explorers in the 10th

century (Western Settlement), and shortly thereafter

by Inuit peoples.

22
https://en.wikipedia.org/wiki/Nuuk



What is my password ?
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Information

Perception s

ensory
Memory

Processing

Weli{ale® * Verbal / Phonological Loop
MemOry * Visual-Spatial Sketchpad

g @

Storage

Knowledge
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What is the capital of Greenland ?



Information

Perception

ensory
Memory

Processing

Working
Memory

Storage

Long Term

Knowledge

060

Memory

The capital of Greenland is Nuuk
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Information
Perception

Processing

Long Term
Memory




Nuuk is to Copenhagen,
what

Saint-Denisisto ...... ?



/WS to Copenm
\V\Mtsaint@enisu

Nuuk wa/
Greenland
Copenhagen a
is-part
Saint-Denis
, , Island
is-capital
/ is-a
Reunion
iS'pCm_\

apital




Informatio Experience
Perception

Long Term Memory



Working Memory

Manuel is the son of Liam
Liam is the father of Elenna
Liam is the brother of Walter
Who is the uncle of Elenna?

Liam Walter Manuel | don't know!

Genealogy Game
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Michel is the father of Martine

Martine is the | Michel Lucie

|
Martine —Serge

Luc is the brot .I
Tristan — Luc

Lucie is the m |
Nadine is the Lv.M@i
o -

Wl {lalel® © Verbal / Phonological Loop
Memory B Visual-Spatial Sketchpad

- Who is the ant of Luc ?

Serge is the fa

33



34






http://www.morahanvisuals.com/tag/running/

Who will win the next race 7
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Intrinseque

CHARGE COGNITIVE

Extrinseque

Germane
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Extrinsic Cognitive Load: due to bad design
Germane Cognitive Load : the effort to create schemas
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Intrinsic Cognitive Load
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Extrinsic Cognitive Load

Example demonstrating split attention Integrated example
A A
-
o e/ SN\ o

E
In the above Sgure, find a value for Angle DBE

Solution.
Angle ABC =180° - Angle BAC-Angle BCA (Intermal angles of a triangle
sum 1o 1807)
= 180" - 557°-45°

.1
Angle DBE » Angle ASC (vertically opposite angels are aqual)
E Y. 1

Split Attention Effect

http://en.wikipedia.org/wiki/SpIit_attentionfgffect



Cognitive load

Which statements are correct?

@Cognitive load prevents learning
@There is no learning without cognitive load
@Cognitive over-load prevents learning

@There is no learning without over-load
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Reducing cognitive load:

Compilation
Check the barreer
Tune radio
Speak
Listen 4 Freiner
Get your badge Embrayer
Slow down < Changer
Turn Débrayer
Freiner
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Information

Perception

Processing ls Rnowledge a stmple

recording of information ?

Storage

Knowledge
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s knowledge a copy of tnformation ?

Information

Perception

Processing

Storage

Knowledge

« If the speed of light is incompressible
then time is elastic »
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« If the speed of light is ingbmpressible
then time is eldstic »
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« If the speed of light is incompressible
then time is elastic »
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Information

Processing
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Where is there more knowledge ?

(D Encyclopaedia Britannica
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@ The brain of a 4 years old child
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Information

Perception

P roce SS' N g CS-411 Designing rich Learning Activities

Storage

Knowledge
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Storage ¢ -
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Greenland is Nuuk

i

Knowledge

There are different
types of knowledge
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Knowledge Taxonomy

If you add some butter when boiling the
water, the pasta do not glue to each
other Restricted relativity

The symbol for hydrogen is H A square is a quadrilateral shape with 4
right angle and 4 isometric sides

The split attention effect refers to the
increase of cognitive load due to the
distance between a legend and the
symbols used in the legend

Evolution (also known as biological, genetic Brussels is the capital of Japan
or organic evolution) is the change in the
inherited traits of a population of
organisms through successive
generations.[1] This change results from  The length of the hypotenuse is the
interactions between processes which square root of the sum of the squares
introduce variation into a population, and of each other side of the triangle.
other processes which remove it. As a

2


http://en.wikipedia.org/wiki/Heritability
http://en.wikipedia.org/wiki/Trait_(biology)
http://en.wikipedia.org/wiki/Population
http://en.wikipedia.org/wiki/Organism
http://en.wikipedia.org/wiki/Evolution#cite_note-Futuyma-0
http://en.wikipedia.org/wiki/Genetic_variation

Knowledge Taxonomy

Facts

Classes, concepts

Rules, principles,
algorithms

Theories, systems

Brussels is the capital of Belgium

A square is a quadrilateral shape with 4
right angle and 4 isometric sides

If you add some butter when boiling the
water, the pasta do not glue to each
other

Restricted relativity

53



Knowledge Taxonomy

Facts
[]
Classes, concepts H
L0
Procedures L, R I R BN
Laws

Theories, systems Di\é; g ;I I:



Procédural versus Declarative

Knowledge

55



How to be a good manager?

N

Declarative
Knowledge

Procedural
Knowledge

A4

Elicitation
Reflection
Selt-explanation
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How to be a good manager?

N

Declarative
Knowledge

Procedural
Knowledge
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Declarative
Knowledge w

Procedural
Knowledge
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Information

Perception

S « Sila vitesse de la lumiere est incompressible,
\ETR[e]aVA C'est le temps qui est élastique »

Processing______

Working
Memory

Ability to do_,something

Storage ¢

Knowledge




Bloom’s Taxonomy

*es! Greene Clamentary 2011

Crealing:

§Can the student
creae new product o

poirt of view?

Assemblz, Consruer, o
Create, Design, Develop, ‘
Formulate, Write

Evaluating: Can ‘he student justify :
stand or decision?
Appraise, Argue, Defend. Judgze, Select.

Rumlnl_ Value, Fvaluate

P Analyzing: Can the swudent distinguish between the cifferent
(TN

Appraise, Compare, Contrast, Cniticize, Diftercrntiate, Lhiserimimaic,
Distinguish, Examine, Experiment, Queastion, Test.

' (Clan the student use the information in a new way?
Choosc., Demonstrate, Dramatize, Employ. Hlustrate, Interpret, Uperate, Schedule. Sketch
Sulve, Use, Wrie

Understanding: Car the studart explain ideas or concepts?
Classify, Describe, Discuss, Explain, [dentify, Locate, Recognize , Repont, Select, Trznslate,

Remembeﬂngi Can the student recall or remember the imformation?
Denne, Duplicatz, List, Memoerize, recall, Repaat, Reproduce, State

http://wgink.pbworks.com/w/page/3080839/Bloom's%20TriéngIs


https://www.youtube.com/watch?v=4Fy5MUzdWMg

Cognitive Task

Reproduction
Conceptualisation
Application

Content > Exploration
Mobilisation

Problem solving
Taxonomy:
Bloom
D’Hainaut



Reproduction
Conceptualisation
Application
Exploration
Mobilisation

Problem solving

Cognitive Task

The object and the product of
the task have been
associated before

62



Types of reproduction tasks

Free recall:
What is the capital of Greenland ?

Recognition:
Which is the capital of Greenland ?
o Jokyo
O Lausanne _ Double Line Chart Tablet |
o Nuuk

Print Aa Bt Cc Dd =r

Im itatiOn . HWT— Doutle — —ines:

, tdts €a B C=
Copy « lines » e HET Boulrts

-~ .
e s

I AL
e 2 -
—-. ——




Cognitive Task

Reproduction
Conceptualisation—— Does an object belong to a class
Application ?

Exploration

Mobilisation _-

Problem solving

SPUCs

64



QUESTION 4 OF 15 SCORE: 0

Conceptualisation

Photc: Wikinmedia Commons

‘ 2 ’ What kind of clouds are shown here?

Nimbastratus

Noir clouds

Stratocumulus

Shelf clouds

https://www.mnn.com/earth-matters/climate-

weather/quiz/can-you-name-these-clouds
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Cognitive Task

Reproduction
Conceptualisation

Application Apply an algorithm to the object
Exploration produces the product
Mobilisation H
Problem solving Semn 10,5cm
1
G |

66



Cognitive Task

Reproduction
Conceptualisation

Application

|dentify a product in some

material that matches criteria

Mobilisation (object)

* Find 2 metaphors in this text

* Find 2 prime number above
19

* Find a tumor on this image

Exploration —

Problem solving

67



Cognitive Task

Reproduction
Conceptualisation
Application

Exploration
Invent a product that matches

criteria (object)

Mobilisation

Problem solving
* Find 2 metaphors

* Find 3 different ways to solve
this exercise

68



Cognitive Task

Reproduction
Conceptualisation
Application
Exploration

Mobilisation The learner has not the
Problem solving algor_lthm tc_) gompute thg |
solution; this is a novel situation
The learner may combine
segments of algorithm in a novel
Way 69



http://jean-michel.marchand6.pagesperso-orange.fr/'WEB/c4eme/pythagore/f_principal.html
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Heuristic knowledge
(Problem solving strategies)

To solve a complex problem, decompose it into small
simple problems

Before to write the code, first thing about the data
structure

Orienteering: To reach the corner, select a drift-proof
azimuth



Reproduction
Conceptualisationr—

Application

Exploration .
Mobilisation -

Problem solving

AN

CS-411 Goals

Describe the learning processes triggered by a
technology-based activity

Explain how a technology feature influences
learning processes

Elaborate a study that measures the learning
effects of a digital environment

Select appropriately a learning technology
given the target audience and the expected
learning outcomes

Apply machine learning methods to
educational traces

Design a learning enviornment based on

orchestration graphs .



Metacognition

An army bus holds 36 soldiers. If 1128 soldiers are being bused to their
training site, how many buses are needed?

29% '31 remainder 12°

18% "31°

23% “'32,

30% did not do the computation correctly

USA National Assessment of Education Progress secondary mathematics exam,

45,000 students nationwide

Schoenfeld, A. H. (1987). What's all the fuss about metacognition? In A. H. Schoenfeld (Ed.), Cognitive

science and mathematics education (pp. 189-215). Hillsdale, NJ: Lawrence Erlbaum Associates.



Metacognition

« Knowledge about one's own knowledge (e.g. “l am
not good with numbers”, | don’t understand”)

« Regulation of problem-solving: monitoring one’s
own plan application (e.g. “If the equation becomes

too long, it is not good”)



Transversal Skills

Collaboration Skills
Information appraisal skills
Critical thinking skills
Computational thinking skills
Learning to learn

Creativity

Rigor

Resil



George Polya

How to solve problems ?

Understand the problem
Make a plan

WV

Carry out the plan

v

Look back

76



(defun m-length (1list)
(if (null list)

(+ 1 (n—length (cdxr 1list)))))

(defun print-list (list)
(1f (not (null 1list))
(progn
{princ (car list))
(print=list (edr list)))

(C(ll 5 x) o) a) 7 2 3)

{defun sum-numbers (list)
(if

77



Transversal Skills
Are they domain-independent ? Mostly, NOT

Can they be taught ? Mostly, NOT

How can they be learned? Transversally

78



Transversal skills must be acquired transversally
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* Information appraisal ® - - =
* Critical thinking skills
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Instructional design starts with :

What should
(which they d]

ers know at the end ?
now at the beginning)

What should learners be able to do at the end ?
(which they could not do at the beginning)

How will I know they are able to do it ?

what would be the exam questions or tasks ?



What should learners be able to do at the end ?

Pedagogical Objectives

Learning Goals

Learning Outcomes



Instructional design works backwards :

What should learners be

What are they able to able to do at the end ?
do at the beginning

(which they could not

.. he beginni
oo

82



Prior Knowledge can be wrong

2 ice cubes at midnight, t =20 C

Which ice cube will melt faster ?

83



Instructional design works backwards :

What should learners be

What are they able to able to do at the end ?
do at the beginning

(which they could not

. do atthe b
Pre-Requisites 0 atthe beginning)

Pre-Representations



