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DUET - Dual Eye-Tracking DUET - Dual Eye-Tracking
Pair programming experiment Pair programming experiment
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classroom.

Designing artefacts that would be relevant for any leaming task would be as
difficult as inventing ‘the new table’. Conversely designing an artefact only useful
for one specific task (e.g. electrical circuits) would not be convincing, as a school
would not buy and install - for instance - a different table for cach single course.
We therefore target an intermediate scope, that is families of tasks that are present
in several (but not all) educational situations, both formal and informal. We
hercafter consider three elements that could constitute the basis of a scriptable
classroom: desks, lamps and displays.
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A classroom needs some objects to write on and to work around. In our example of
scriptable classrooms, the basic element could be a triangular desk designed to be
used by a single student (Figure 3). On the surface of the table a LED display is
embedded under a thin layer of wood. The LED can be altematively controlled by
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classroom configurations using 36 tables. Figure 6 shows how the same number o
tablgs can be used to form various kinds of individual and group tables foxZ 4 or 6.
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le discussions involving the entire class.

The embedded LED array on each desk can be used for a broad vanety of
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Gadgets that ‘work well’ = dbr (5,20)
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orchestration load = f (design)
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Vocational education : Dual system : Logistics assistants (warehouse)
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'The TinkerLamp

Guillaume Zufferey, Patrick Jermann









condition

tangible touch

F(1,37) = 6.68,p < .05

Rertrand Schneider Atirelien T 110chi






No sign. effect in
understanding

Understanding score

I I
Paper Tabletop

Condition

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

Son Dol enh, Patrick Jermann

No sign. effect in
problem-solving

IS
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Problem-solving score

)
|

F’a‘per Tablétop
Condition

mean =5.16 vs. mean = 5.15
F(1,14)=.06, p>.05
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“Manipulation temptation”!

Best group

Worst group
2

15
[+T:]
C
= 1
[ 4
05
0
Group 6 Group 5 Group 8 Group1
m Collaboration quality 1.4 1.6 1.4 1.4
B Manipulation discussion 2 1.25 1.25 1.75
m Reflection discussion 0 1.25 1 1.75
Group

Son Dol enh, Patrick Jermann
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Fiche Simulation
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Understanding score

Sign. effect in
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PAP TAN NoTB WithTB PAP TAN NoTB WithTB
Condition Condition
Measures ‘ Warehouse study’s conditions ] Evaluation of TinkerLamp 2.0 conditions
’ Paper/pen TinkerLamp 1.0 ’ TinkerLamp 2.0 TinkerLamp 2.0
WithTinkerBoard NoTinkerBoard
Understanding score | 7.84(2.85) 743(282) | 9.38(2.03) 10.31(1.70)
Problem-solving score ‘ 5.16(1.70) 5.15(1.78) ’ 6.44(1.65) 6.59(1.53)
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[Step 1] A simple notation...

& Class
L 35 Group
— Individual

Orchestration is the real-time management of multi-plane muli-layer activity graphs
that maximize constraints satisfaction and minimize entropy
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Standard lecture

Ckiclers+ Lecture
(Mazur’s PeerTutoring)
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[Step 1] An integrated learning scenario can be modeled as a directed graph :

* vertices are learning activities a, (...)
 edges represent dataflow (...)
* embeddedonmxt (...)

—E Individual

> Time
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Question 1

Question: In large city marathons, should drug testing be applied to participants that finish two hours
after the winner?

Answer: O ves, because cheating should always be punished
O ves, because any runner taking drugs damages her health
O No, because they run for themselves, not for rankings
@No, because people have also the right to smoke and to drink alcohol

Enter YOUril helieve in individual freedom

arguments:

ArgueGraph
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Class

Team

Individual

Question 1:

Question: In large city marathons, shouwld drug testing be applied to participants that finish
two hours after the winher?
Answer: O es, because cheating should always be punished
O es, because any runner taking drugs damages her health
H O No, because they run for themselves, not for rankings
B ®No, because people have also the right to smoke and to drink alcohal
B e e RETCIR . i
None For the people that are not
relevant for the result lists,
it's their own responsibility 1if
they risk damage to their health.
Yet, still they are cheating the
other clean runners. To regquire a
test from every amateur (while b:

Enter your
arguments:

We consider self-responsibilty an important quality for
sportlers.

prize or medals.

Yet, it does not apply to participants getting




Team _ | |

ndividual [

Question: In large city marathons, should drug testing be applied to participants that finish two hours after the winner?

Possible answers: 1) Yes, because cheating should always be punished
21 Yes, because any runner taking drugs damages her health
3) No, because they run for themselves, not for rankings
4) No, because people have also the right to smoke and to drink alcohol

Solo  [Gioad) Duo [Block |
Answer 4 Answer 1
Answer 4 (14.3 %) 14,3 %
(21.4 %)

Answer 1
(28.6 %)

Answer 3
(28.6 %)

Answer 2
(14.3 %)

ArgueGraph
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Question 1 : In /arge city marathons, shouwld drug testing be applied to participants that finish two hours
after the winner?

Your answer and synthesis of known arguments :

Reminder
Individual :
Your arguments :
MNone

Individual arguments of students :

e No one would ever make the effort to run a marathon without being on druags. from
s L

* Someone who is two hours late this time could be the winner next time and the
run before; in addition, it does not exclude drug use from Frank

* For the people that are not relevant for the result lists, it's their own responsibility
if they risk damage to their health. Yet, still they are cheating the other clean
runners, To require a test from every amateur (while probably almost all of them
are clean) would setup a system of total contral and non-trust. from S Andreas

. Cheating should always be punished but in particular when it is useless. from Pierre
e Even though a person runs a marathon for herself, she should be in favor of
banning the use of drugs and willingly take the test from Pantells AsREApaNESE

e You should make sure that the winners do not use drugs. No need to test the
loosers who are rather running for themselves. from Armin 84 y
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Pedagogical integration + Technological integration



Event specific relationship: museum guide, butcher, ...

Stable relationship: other
classes, parents, director,...

World

Community

Periphery

T Cless
Group

— Individual

pedagogical + technological integration



[Step 2] How to package Alzheimer pills ?
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active substance (pharmaceutics)

_Anziadherents
Bimders

(?II tablet, or capsule
W‘gﬁlet like buccal, sub-lingual, or orally-disintegrating
IDisfiredes:alisterine Pocketpaks)

Eﬂild solution or suspension (e.g., drink or syrup)
gdiSor liquid or solid crystals

INP&V@J gerbal plant, seed, or food of sorts (e.g., marijuana such a:

dosage form —t Igﬁ f;ynd in "special brownies")
(hrtpgeRd
Aerosol

ents

]gebull er
ﬁ\ei IéYng%n M natural herb (e.g., tobacco, marijuana) or freebase
packaging S)w@@t&memg cocaine, methamphetamine))

+—Vaporizer (usually to vaporize natural herbs like marijuana)
Parenteral Injection
Intradermal (ID)
Intramuscular (IM)
Intraosseous (10)
Intraperitoneal (IP)
Intravenous (IV)
instructional design (1earnn’irgﬂtt exostSe)
athecal (IT) tjection into the spinal column
Topical
Cream, gel, liniment or balm, lotion, or ointment
Ear drops (otic)
Eye drops (ophthalmic)
Skin patch (transdermal)

excipients __

~—



[Step 2] Kernel activities @ are designed from learning theories while
orchestration also covers other activities C ), less directly related to
instructional design, but should nonetheless be technically integrated.



Debriefing activities
(designed but undetermined)




re-visit

homework

Copy

School Routines
(non designed, fill the time)

> 90% (54/60) done
> 82% discussed with supervisor



Touf*
par oV
e
acice 2

arice 3

=

Login
Move tables
Distribute

Logistics activities
(not designed but necessary)
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Sick / drop-out
Network failure
Eureka !

Fire

Crane

Extraneous events

(unavoidable)

manyscripts.epfl.ch



[Step 2] Kernel activities are designed from learning theories while
orchestration also covers other activities, less directly related to
instructional design.

‘Bloominess’

B =1 if a=f (audience, objectives, learning theory)

//////////,,,//
Ly,
7,
’////////////////////////////
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[Step 3] The activity graph must satisfy intrinsic as well as multiple
extrinsic constraints

Intrinsic constraints Extrinsic constraints
Students’ profiles * Time budget (t)
Domain epistemology * Time segmentation
How people learn * Resources
Curriculum relevance * Control

*  Space
 Costs

*  Producing grades

* leaving traces

« Safety

« Teacher’s energy

« Teacher’s self-image
* School culture




Extrinsic constraints

Time budget (t)
Time segmentation
Control

Resources

Space

Costs
|

Producing grades

Leaving traces

Safety

Teacher’s energy _

Teacher’s self-image
School culture

Groups Progression
Students answers:
Name
Questions ;::fords
Armin - questions
(4/4)
Frank Y 22
4/4
Bernot A E: U=
PIErTe s ) L

(4/4) 1



D’ Esposito & Gaillard

Extrinsic constraints

Time budget (t)
Time segmentation
Control

Resources

Space

Costs

Producing grades
Leaving traces
Safety

Teacher’s energy
Teacher’s self-image
School culture

Y. Guibinelli



[Step 4] The activity graph must be permanently adapted to learners’ behavior
as well as to extrinsic constraints and events.

SodaConstructor



Fiber =R (ai > aj) Strength =1- p (aJ| —-ai)

Pre-requisite
Advance organizer
Didactic contract
Motivation
Logistics
Dataflow

students acquire in a; skills they need for a;

a; pre-activates cognitive structures for a,

a; presents teacher’s expectations about a,
a, motivates learners for a,
a, sets up the environment for a.

i
input (aj) = f(output (a,))
e

T—~—

A Aggregation

w Distribution
Group formation
Group rotation

Feedback

Decision

Elasticity = f (¢, t;)

time decay

Operators input (a,,,) = f (output (a,))

e.g. collect data for debriefing
e.g. JIGSAW set up

e.g. form heterogenous pairs

e.g reciprocal teaching

input for a,,, is teacher’s FB on a,
e.g. level groups




[Step 5/ HCI] A ‘flexible workflow’is a paradox that can be addressed by
physical ‘handles’ on digital structures (cf. step 7).
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[Step 6] Dess (s eollor 6 Compters matter ?
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[Step 6] Orchestration is usability when the user is the classroom.

User Constraints

Circle 3 Classroom Discipline, time, energy, reporting. ..

e Cockpit

Circle 2 Group Interdependence, WYSIWIS,...

Circle 1 Individual Cognitive load, pre-requisites,...




[Step 7] 'The graph expands on information layers: ag=nxtx]




Quentin Bonnard, Frédéric Kaplan









Augmented reality environment
for the training of carpenters
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it’s not just paper, it’s which type of paper (cards, sheets, shapes,...)

Sébastien Cuendet




[Step 7] An activity graph has 2 layers, physical & digital, which

are connected by ‘handles’.
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3 handles



[Step 8] Information layers differ in terms of information persistency.

Invalid info

Memory load

o = Persisz‘ency

© > Jalidity



[Step 9] By making visible what would otherwise be invisible, buffers

increase persistency of information.

orance | B == F.S

e ] | emem—

| ‘e dds 11







“"While Waiting Productivity” LOSS : 62% = 6%

H. Alavi, Olivier Guédat



Action buffer

Teacher’s cockpit

Avg. time (min)

55

45

4

o

3

o

30

' 1 2 3 4

Exercise

Reflection buffer

W working
WA
B waiting




[Step 10] O
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0 f : estration requires manags :
ormation. aging massive flows of

The Mathcmatical Theory of C ommunication

DESTlNATION

|

RECEIVER

|NFORMAT|ON

SOURCE TRANSMITTER

SIGNAL

MESSAGE

MESSAGE

NOISE
SOURCE

\.——Schemoﬁc diagram of o generol communication system.

Fig.



[Step 10] Orchestration requires managing massive flows of information.

As it differs from information theory
An emitter is any object or actor in the classroom that display information.
A signal exists if a receiver perceives it
'The beat =1 Hz
The channels are audio, vision, touch and wires.

'The bandwidth is determined by the receiver’s capacity (= teacher’s cognitive load).

22 X 50X 3000 < 10/3
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py P Cognitive Load Theory
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Hard to grasp all this discrete information — need to use slow verbal
encoding to handle working memory demands.



»

revelateur

«

Same information as before, but now placed in its appropriate
spatial context. Rapidly “graspable” without verbal encoding.






[Step 12] Modeling a classroom as an information system (o be developed)

ag’= 1((C,5,T,X), learning-theory) [f'= instruction design

agt =f"(agtt, C+1(S), TX) | H(S5,CY) < H(S5,Ct?) f< orchestration

Orchestration the real-time management of multi-plane multi-layer activity graphs
that maximize constraints satisfaction and minimize entropy

ag = (V,E)
V={a;: (,t, B, instruction, ressources,...) N\ JIVI._ t(a) =T}
E= {(a, aj): (frber, operator, strength, elasticity ) | 7543

H(Ct(S)) = Z/S/izl 10j=1 (H(SZ-’ C]) * (l‘ —persisz‘ency(cj’ [))) | = {activity,attention, understanding,..}



Lantern WiTeach
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Design for Orchestration

Control
Visibility
Flexibility
Physicality

Minimalism

AR e

Do not target heroes



Summary

Graph
Bloominess Orchestration does not replace learning theories. It is a

Education  pecessary but not sufficient condition for scaling u
Constraints Y i S g up

Flexibility
Paradox
rd ]
3 circle HCI There is a need for HCP in education.
Layers
Persistency

Bufters

. Flows

A S N

—
o

Information theory Yes, we can.
11. Revelateur

12. Modeling



Orchestration ?

Piaget, Vygotsky & Al Capone
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