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Chapter 6+: 

From collaborative learning 

to classroom orchestration

CS-411 - P. Dillenbourg



How do people learn ? 

• by exploration, trial and error

• by verbal elaboration

• by incremental mastery
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Collaboration as a method

Collaboration as a skill

Cognition is 

social

Cognition is 

individual
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If you were a school teacher, would you ask students to work in teams? Pick what you might decide and why.

• [2, -2] 'Yes, it might force them to deepen the contents of my lecture’
• [2, -2] 'Yes, even if they won’t necessarily learn more, they might at least  learn to work together '
• [2, -2] 'No, they can learn to work in teams in many activities outside school'
• [-2, 2] 'No, teamwork takes too much time; I have to move faster in the curriculum.'

If you would decide anyway to make teams, which size of the teams would you choose?
• [-1, -1] 'Teams of 3, because the third can kind of arbitrate the disagreements between the two other ones, so the team would wo
• [2, -2] 'Teams of 2, because with larger teams, there is often one person that does not contribute much, which is unfair for the
• [-2, -2] 'Teams of 5, so that I can detect which students take leadership '
• [3, -2] 'Teams of 10, because that’s often the size of the teams they will join later on in the workplace'

Let’s say that you finally decide to make teams of 2,  what would be the best team composition?
• [1, -2] 'Two students with different viewpoints so that they produce multiple solutions.'
• [2, -2] 'Two students with a different backgrounds, so that they get used to handle diversity'
• [-1, 2] 'Two students with the same level, otherwise the better students will waste time with the weaker one.'
• [2, -2] 'Two students with different levels, so that one develops the skills of helping other students.’

If during their teamwork, three students start to argue loudly what would you do?
• [0, 2] 'Ask them to elaborate a list of pros and cons and connect it to what was taught in the lats lecture’'
• [-3, 2] 'Discuss with them to see if some opinions are scientifically incorrect.’
• [-2, -2] 'Nothing, I will ask them to less loud then I will  check who wins the argumentation.’'
• [2, 2] '’Nothing, it may force them to deepen their understanding of the task.’'



1 + 1 > 2

Is learning in teams 
more effective 

than learning alone ?



Learning Gains

Meta-analyses: collaborative 

versus individual

> = <

Slavin, 1983. 26 14 1

Johnson & Johnson, 1989 829 645 109

Research Phase 1

Is Collaborative Learning Effective ?



Springer, L., Stanne, M. E., & Donovan, S. S. (1999). Effects of small-group learning on undergraduates in science, 

mathematics, engineering, and technology: A meta-analysis. Review of educational research, 69(1), 21-51.

Research Phase 1

Is Collaborative Learning Effective ?
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Kyndt, E., Raes, E., Lismont, B., Timmers, F., Cascallar, E., & Dochy, F. (2013). A meta -analysis of the effects of face-to-face



Research Phase 1

Is Collaborative Learning Effective ?

A decision maker could conclude that the probability that team learning 

is effective is high enough to use it.

A learning scientist would conclude that team learning is not effective 

per se, but depends on the conditions… see next slide



Research Phase 2

 When is collaborative learning effective ?

 Factors:

•  Group composition: number, level, gender, age, …

•  Task features: verbalizable, open, …

•  Medium: face-to-face, synchro/not, text/audio/video,…

•  Context: school/work

The effects of collaborative depends upon so many variables (plus their 

interaction effects) that it is impossible to predict that a given teamwork 

in a specific context will be effective



Pitfalls in Teamwork



Pitfalls in Teamwork

• Free-rider / Social Loafing: some teams members let the others do the work 

• …



Meeting at the White House Cabinet Room
during the Cuban Missile Crisis on October 29, 1962.

https://en.wikipedia.org/wiki/EXCOMM#/media/File:EXCOMM_meeting,_Cuban_Missile_Crisis,_29_October_1962.jpg

GroupThink
https://www.youtube.com/watch?v=glUUmsBb_58

https://en.wikipedia.org/wiki/White_House%22%20%5Co%20%22White%20House
https://en.wikipedia.org/wiki/Cabinet_Room_(White_House)%22%20%5Co%20%22Cabinet%20Room%20(White%20House)
https://en.wikipedia.org/wiki/Cuba%22%20%5Co%20%22Cuba
https://en.wikipedia.org/wiki/Cuban_Missile_Crisis%22%20%5Co%20%22Cuban%20Missile%20Crisis
https://en.wikipedia.org/wiki/EXCOMM
https://www.youtube.com/watch?v=glUUmsBb_58


Pitfalls in Teamwork

• Free-rider / Social Loafing: some teams members let the others do the work 

• ‘GroupThink’: as soon as they agree, learners return the solution to the teacher 

without checking if it is the optimal solution In education, as soon as they agree, 

learners return the solution to the teacher without checking if it is the best one  

• In education, consensus to satisfy the teacher

• ….



Domination / Disengagement



Pitfalls in Teamwork

• Free-rider / Social Loafing: some teams members let the others do the work 

• ‘GroupThink’: as soon as they agree, learners return the solution to the teacher 

without checking if it is the optimal solution In education, as soon as they agree, 

learners return the solution to the teacher without checking if it is the best one  

• In education, consensus to satisfy the teacher

• Domination: some team members dominate verbal interactions; contributions from 

some members are rejected or not taken into consideration

• Misunderstandings

• Emotional (vs epistemic) conflict: « your suggestion is so stupid ! »

• Lack of alignment on goals or commitment 

• Lack of « collaboration skills » (one of the ‘transversal skills ‘)







Research Phase 3

Which interactions make  collaborative learning effective ?

1.  Elaborated explanations



The (self-)explanation effect

https://www.researchgate.net/figure/Worked-example-problem-as-adequate-scaffolding-to-the-original-unsolved-problems_fig13_313617511

Explaining aloud a

worked out problem



The 

(self-)explanation effect

https://www.academia.edu/8601818/A_Meta_Analysis_of_the_Self_Explanation_Effect

Hedge’s Effect size



The  (self-)explanation increases

A. the intrinsic cognitive load

B. the extrinsic cognitive load

C. the germane cognitive load



Is germane cognitive load higher

A. self-explanation

B. explaining to other Mutual modelling



Learning by teaching 

https://digest.bps.org.uk/2018/05/04/learning-by-teaching-others-is-extremely-effective-a-new-study-tested-a-key-reason-why/



Verbal elaboration  

Learning by teaching / tutoring 

Protégé effect   

students make greater effort to learn for their TAs than they do for themselves

https://aaalab.stanford.edu/assets/papers/2009/Protege_Effect_Teachable_Agents.pdf

Cognition Motivation

https://aaalab.stanford.edu/assets/papers/2009/Protege_Effect_Teachable_Agents.pdf


The cowriter project



• Testing the system with the same child for 9 
months.

• One session per week, followed by a therapist.

• At regular intervals, Raphael was asked to do a 
BHK test, which was rated by a professional.

Remediation of handwriting difficulties
Within a 9 month long interaction with the same child

https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0237575



Longitudinal study



Verbal elaboration  

Learning by teaching / tutoring 

Protégé effect   

Cognition Motivation

Does it increase:

A. intrinsic motivation

B. extrinsic motivation



Research Phase 3

Which interactions make  collaborative learning effective ?

1.  Elaborated explanations

2.  Conflict resolution, Argumentation / Négociation



Research Phase 3

Which interactions make  collaborative learning effective ?

1.  Elaborated explanations

2.  Conflict resolution, Argumentation / Négociation

3.  Mutual Regulation



https://gds.blog.gov.uk/2017/09/04/the-benefits-of-coding-in-the-open/

Low level subtasks

High level subtasks



Low level subtasks

High level subtasks
mutual regulation



Low level subtasks

High level subtasks

mutual regulation



Low level subtasks

High level subtasks
self-regulation



Collaboration  ≠  Cooperation 

Fixed division of labourEmerging and instable 

division of labour



Research Phase 1

Is Collaborative Learning Effective ?

A decision maker could conclude that the probability that team learning 

is effective is high enough to use it.

A learning scientist would conclude that team learning is not effective 

per se, but depends on the conditions… see next slide



Research Phase 2

 When is collaborative learning effective ?

 Factors:

•  Group composition: number, level, gender, age, …

•  Task features: verbalizable, open, …

•  Medium: face-to-face, synchro/not, text/audio/video,…

•  Context: school/work

The effects of collaborative depends upon so many variables (plus their 

interaction effects) that it is impossible to predict that a given teamwork 

in a specific context will be effective



Research Phase 3

Which interactions make  collaborative learning effective ?

1.  Elaborated explanations

2.  Conflict resolution, Argumentation / Négociation

3.  Mutual Regulation

Collaborative learning occurs when team members engage into the ‘productive 
interactions’ listed above. 

These interactions are summarized as “the effort” that team members 
engaged to reach and maintain a shared understanding of the task.



Conditions of 
coll. learning

Effects

Verbal  Interactions

Research Phase 4: 

Which design increases the probability that teams 

produce rich verbal interactions 

(that make collaborative learning effective) ?

Design



Conditions of 
coll. learning

EffectsInteractions

(proactive) 

STRUCTURE

(reactive) 

(self-) REGULATE



P. Jermann



Example of domination in teamwork



•K. Bachour, F. Kaplan, W. Hokenmeier
Reflect Table





“When I noticed that my LEDs 
weren’t lit indicating my inactivity, I 
felt frustrated.”

“I sometimes refrained from speaking to 
avoid having a lot more lights than the 
others. This obliged me to listen to the 
others.”



Conditions of 
coll. learning

EffectsInteractions

(proactive) STRUCTURE

(reactive) REGULATE

Semi-Structured InterfacesSCRIPTS



Belvedere (Suther et al.)



M. Nussbaum, UC Chile

Multi Input Devices:  the participation of each learner is “designed” because each 

mouse only access some screen functions



M. Nussbaum, UC Chile

Multi Input Devices:  

the participation of each learner is “designed” because each 

mouse only access some screen functions



“Computer-supported collaborative learning” (CSCL)

1990-2000:   Technologies enable collaboration

2000-2010:   Technologies shape collaboration (design)

2010-2020:   Technologies that integrate collaboration



•Conditions of 
coll. learning

•Effects•Interactions

(proactive) STRUCTURE

(reactive) REGULATE

Semi-Structured InterfacesSCRIPTS

Pedagogical scenario for increasing the probability that 

interactions X,Y,Z occur in teamwork.                          



a1

a3

a2

a4

Class

Team

Individual

Debriefing lecture

Argumentation
Reply

Reflect

Collaborative learning is not  a dogma       

a0



Today’s lesson:

“Please discuss about the pros and cons of collaborative 

learning and the role of computers !”
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“Jigsaw”

• Task: How to prevent a large earthquake ?

• Roles:

– Maire of San Francisco

– Insurance agent

– Security officer

– Geologist

• Context: Previous experiments in Denver

In the Jigsaw script, every team member receives a subset of the information necessary 

to solve the task.  This task cannot be solved without the contribution of each individual.



Jigsaw

Phase “Groups”

Phase “Experts”









1. Collaborative learning occurs when team members engage into 

rich verbal interactions
These interactions are summarized as “the effort” that team members engaged 

to reach and maintain a shared understanding of the task.

2. Collaborative learning is not a religion. It benefits from being integrated into 

classroom scenarios that integrate individual, team and class wide activities.

3. It takes talented teachers to orchestrate these scenarios 



Apprentissage





Guillaume Zufferey, Patrick Jermann

The TinkerLamp









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

77Son DoLenh, Patrick Jermann



“Tentation de manipulation”

78

Worst group Best group

Son DoLenh, Patrick Jermann







Son DoLenh, Patrick Jermann



Post-test

82

Sign. effect in 
understanding

Sign. effect  in
problem-solving
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Classroom Orchestration



Timing





















Teacher 
position heat 
map

I. Sarrade





works

waits

assistantEPFL Exercises Session





H. Alavi, Olivier Guédat

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



H. Alavi, Olivier Guédat

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









Social Interaction

Reasoning
In

te
rn

a
lis

a
ti
o
n

Thinking is a dialogue with oneself .

Private speech (Vygostky) 

Egocentric speech (Piaget)

The hardware is individual 
but the software is social



Summary of chapter 7

1. Collaborative learning is often effective, but not systematically.

2. Effective tasks require some degree of interdependence among team members

3. It is effective when rich verbal interactions occur such as explanation, argumentation, mutual 

regulation

4. To make it more effective, classroom scripts increase the probability for students to produce 

these interactions by integrating team, individual and class wide activities

5. It takes a talented teachers to orchestrate these scenarios

6. The theory behind emphasizes that cognition is inherently social because thinking mostly relies 

on language.
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