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Which tools facilitate classroom orchestration?  
schmountz 



Nüssli, Jermann & Mullins 



Andrea Mazzei, Youri Marko, Tabea Koll 



EPFL Rolex Learning Center 
 







Roombot Ranger 

Julia Fink, Auke Ijspeert, Stéphane Bonardi, Francesco Mondada 



orchestration load = ƒ (design) 
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Gadgets that ‘work well’ = dbr (5,20) 

schmountz 



Vocational education : Dual system  : Logistics assistants (warehouse) 





Guillaume Zufferey, Patrick Jermann 

!e TinkerLamp 







F(1,37)	
  =	
  6.68,	
  p	
  <	
  .05	
  Bertrand Schneider, Aurelien Lucchi 

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





No sign. effect in  
understanding 

No sign. effect  in 
problem-solving	
  

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

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

16 Son DoLenh, Patrick Jermann 



“Manipula@on	
  tempta@on”!	
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Worst	
  group	
   Best	
  group	
  

Son DoLenh, Patrick Jermann 







Son DoLenh, Patrick Jermann 



Post-­‐test	
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Sign. effect in  
understanding 

Sign. effect  in 
problem-solving	
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Merci DBR,  
but why does it work ? 
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[Step 1] A simple notation… 

Orchestration is the real-time management of multi-plane multi-layer activity graphs 
that maximize constraints satisfaction and minimize entropy 
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(Mazur’s PeerTutoring) 
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Discovery learning 
(Gijlers & de Jong) 

Sub-classes 

PBL 



Time	
  

π	
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[Step 1] An integrated learning scenario can be modeled as a directed graph : 
•  vertices are learning activities ai  (…) 
•  edges represent data"ow      (…) 
•  embedded on π x t      (…) 
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ArgueGraph 
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Pedagogical integration + Technological integration 

Tablet 

Table 

Whiteboard 



a4 
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Individual 

Group 

Class 
Periphery 

Community 

World 

Stable relationship: other 
classes, parents, director,… 

Event speci$c relationship: museum guide, butcher, … 

pedagogical + technological integration 



[Step 2]  How to package Alzheimer pills ? 



active substance (pharmaceutics) 

excipients 

packaging 

instructional design (learning theory) 

Anziadherents 
Binders 
Coatings 
Disintegrants 
Fillers 
Flavours 
Lubricants 
Glidants 
Sorbents 
Preservatives 
Sweeteners 

Oral	
  
Pill,	
  tablet,	
  or	
  capsule	
  
Specialty	
  tablet	
  like	
  buccal,	
  sub-­‐lingual,	
  or	
  orally-­‐disintegra@ng	
  
Thin	
  film	
  (e.g.,	
  Listerine	
  Pocketpaks)	
  
Liquid	
  solu@on	
  or	
  suspension	
  (e.g.,	
  drink	
  or	
  syrup)	
  
Powder	
  or	
  liquid	
  or	
  solid	
  crystals	
  
Natural	
  or	
  herbal	
  plant,	
  seed,	
  or	
  food	
  of	
  sorts	
  (e.g.,	
  marijuana	
  such	
  as	
  
that	
  found	
  in	
  "special	
  brownies")	
  
Pastes(Colgate)	
  
Inhala)onal	
  
Aerosol	
  
Inhaler	
  
Nebulizer	
  
Smoking	
  (o`en	
  in	
  natural	
  herb	
  (e.g.,	
  tobacco,	
  marijuana)	
  or	
  freebase	
  
powder	
  form	
  (e.g.,	
  cocaine,	
  methamphetamine))	
  
Vaporizer	
  (usually	
  to	
  vaporize	
  natural	
  herbs	
  like	
  marijuana)	
  
Parenteral	
  Injec)on	
  
Intradermal	
  (ID)	
  
Intramuscular	
  (IM)	
  
Intraosseous	
  (IO)	
  
Intraperitoneal	
  (IP)	
  
Intravenous	
  (IV)	
  
Subcutaneous	
  (SC)	
  
Intrathecal	
  (IT)	
  Injec@on	
  into	
  the	
  spinal	
  column	
  
Topical	
  
Cream,	
  gel,	
  liniment	
  or	
  balm,	
  lo@on,	
  or	
  ointment	
  
Ear	
  drops	
  (o@c)	
  
Eye	
  drops	
  (ophthalmic)	
  
Skin	
  patch	
  (transdermal)	
  

dosage form 

? 

? 

? 



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

d kernel 

d 



Debrie$ng activities 
(designed but undetermined) 



School Routines 
(non designed, $ll the time) 

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

	
  

re-visit 

homework 

copy 



Logistics activities 
(not designed but necessary) 

Login 
Move tables 
Distribute 



Extraneous events 
(unavoidable) 

manyscripts.ep".ch 

Sick / drop-out 
Network failure 
Eureka ! 
Fire 
Crane 



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

1 0

‘βloominess’ 

β= 1 if ai=ƒ (audience, objectives, learning theory)     



β

1

0

ai : (π, t, β, input, output*, tools, resources, instructions, …) 

IMS-LD 



[Step 3]  !e activity graph must satisfy intrinsic as well as multiple 
extrinsic constraints 

Intrinsic constraints 
 
•  Students’ pro$les 
•  Domain epistemology 
•  How people learn 
•  Curriculum relevance 

Extrinsic constraints 
 
•  Time budget (t) 
•  Time segmentation 
•  Resources 
•  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 
•  …. 

!ByPass 



D’Esposito	
  &	
  Gaillard	
   Y.	
  Guibinelli	
  

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 
•  …. 



SodaConstructor 

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



a5 

Fiber   =	
  R	
  (ai	
  	
  	
  aj)	
  	
   Strength = 1- p (aj|¬ai)   Elasticity = ƒ (ti tj)   

Pre-requisite     students acquire in ai skills they need for aj  
Advance organizer   ai pre-activates cognitive structures for aj  
Didactic contract   ai presents teacher’s expectations about aj  
Motivation     ai motivates learners for aj  
Logistics      ai sets up the environment for aj  
Data"ow      input (aj) = ƒ(output (ai))  

time decay 

Operators  input (ai+1) = f (output (ai)) 
 Aggregation   e.g. collect data for debrie$ng 
 Distribution   e.g. JIGSAW set up 
 Group formation   e.g. form heterogenous pairs 
 Group rotation   e.g reciprocal teaching 
 Feedback    input for ai+1 is teacher’s FB on ai  
 Decision    e.g. level groups 

Flexibility ? 



[Step 5 / HCI]  A ‘"exible work"ow’ is a paradox that can be addressed by 
physical ‘handles’ on digital structures (cf. step 7). 



[Step 6]    Does the color of computers  matter ? 



Individual 

Group 

Classroom 

Cognitive load, pre-requisites,...  

Interdependence, WYSIWIS,… 

Discipline, time, energy, reporting… 

[Step 6]  Orchestration is usability when the user is the classroom. 

Circle 3 

Circle 2 

Circle 1 

User Constraints 

Cockpit 
Hutchins 



[Step 7]  !e graph expands on information layers:  ag = π x t x l 



Quentin Bonnard, Frédéric Kaplan 









it’s not just paper, it’s which type of paper (cards, sheets, shapes,…) 

Sébastien Cuendet 



Physical layer 

Digital shadow 

handles	
  

[Step 7]  An activity graph has 2 layers, physical & digital, which 
are connected by ‘handles’. 



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

Validity 

Persistency 

Memory load 

Invalid info 



"e Lantern 

[Step 9]  By making visible what would otherwise be invisible, buffers 
increase persistency of information. 



Physics 101: Exercises Session 

Problems are delicious 



•  7	
  recita@on	
  sec@ons	
  of	
  Physics	
  II	
  
•  50	
  students	
  from	
  2	
  classes	
  
•  similar	
  structure	
  as	
  previous	
  observed	
  sec@ons	
  
	
  

H. Alavi, Olivier Guédat 

“While Waiting Productivity” LOSS : 62%  6% 



Teacher’s cockpit 

Action buffer Re"ection buffer 



[Step 10] Orchestration requires managing massive "ows 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   
!e beat = 1 Hz 
!e channels are audio, vision, touch and wires. 
!e bandwidth is determined by the receiver’s capacity (= teacher’s cognitive load).  

[Step 10] Orchestration requires managing massive "ows of information. 

22 X 50 X 3000 < 10/3  



Cogni@ve	
  Load	
  Theory	
  

Hard	
  to	
  grasp	
  all	
  this	
  discrete	
  informa@on	
  –	
  need	
  to	
  use	
  slow	
  verbal	
  
encoding	
  to	
  handle	
  working	
  memory	
  demands.	
  

By Daniel Schwartz 



Same	
  informa@on	
  as	
  before,	
  but	
  now	
  placed	
  in	
  its	
  appropriate	
  
spa@al	
  context.	
  	
  Rapidly	
  “graspable”	
  without	
  verbal	
  encoding.	
  	
  

By Daniel Schwartz 

“revelateur” 



[Step 11] !e classroom geometry ‘chunks’ for the teacher (to be developed) 



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

ag0= f ((C,S,T,X), learning-theory)       f = instruction design  
 
agt =ƒ’(agt-1, Ct-1 (S),T,X)   | H(S,Ct) < H(S,Ct-1)   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={ai : (π, t, β, instruction, ressources,…) ∧ ∑|V|i=1	
  t(ai)	
  =T	
  } 
      
     E= {(ai aj): (#ber, operator, strength, elasticity ) | j > i, } 

 
H(Ct(S)) = ∑|S|i=1	
  ∑10j=1	
  	
  (H(si, cj) * (t - persistency(cj, l)) )  |  cj ∈	
  	
  {activity,attention, understanding,..} 



WiTeach	
  	
  	
  
(Z.	
  Crivelli)	
  

Lantern	
  	
  
(A.	
  Alavi)	
  



1.   Control 
2.   Visibility 

3.   Flexibility 
4.   Physicality 
5.   Minimalism 
6.   Do not target heroes 

Design for Orchestration 



Summary 
1.  Graph 
2.  Bloominess 
3.  Constraints 
4.  Flexibility 
5.  Paradox 
6.  3rd circle 
7.  Layers 
8.  Persistency 
9.  Buffers 
10.  Flows 
11.  Revelateur 
12.  Modeling 

HCI 

Education 

Information theory 

Orchestration does not replace learning theories. It is a 
necessary but not sufficient condition for scaling up. 
 

"ere is a need for HCI3 in education. 

Yes, we can. 
 



Orchestra@on	
  ?	
  

Piaget,	
  Vygotsky	
  &	
  Al	
  Capone	
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