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• Hiroshi Azuma & Giyoo Hatano
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Lauren, Bob, and everyone who 
know them.

• Once she visited Japan, …
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The very long term goal of 
my research

• Teach cognitive science to

– solve problems better,

– learn better,

– make intellectual judgments better

• Not only in school, but in everyday 
life
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Research goals

1)Design a set of courses to teach 
cognitive science

2)Through collaborative learning, so 
that the participants learn how to 
learn collaboratively in the future, 
when learning becomes necessary
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Outline

• Design of the collaborative course

– Dynamic jigsaw

• Outcomes

– Learning outcome six months after the 
course

– Change of discourse within a semester

• Dialogue data to show how the learning 
progresses during this course
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Two cautions

• This is a very preliminary report
– JST support for 2000-2004
– Continuation for 2005-2007

• This study does not have a control 
condition for comparison
– Create a course, based on what we know 

about collaborative learning
– Observe and collect data as the course 

develops
– Find patterns of success and feedback the 

findings into design
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Learning objectives 

• Understand some basic characteristics 
of cognitive processes,

• Abstract them into a “portable” chunk 
of knowledge (or wisdom about how 
human mind works and how to know it),

• So that one can apply that knowledge in 
everyday situations.
– Knowledge has to be restructured in their 

own words

– Knowledge has to be kept for a long time
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Stepwise goals of 
learning activities

１）Understand one research finding by 
reading a text to be able to explain its 
main points, with its logical or evidential 
support.

2）Combine this understanding with other 
research findings to form a chunk, so 
that one can apply this wisdom when 
necessary.

3）Repeat this and gradually increase the 
number of research findings to cover.
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Dynamic jigsaw
• Jigsaw as a tool 

for collaborative 
reflection.

• Combine this to 
cover 20 to 30 
research findings.
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Why Jigsaw?

• Effective collaborative learning assumes 
each participant has 
– an initial idea or ideas,

– a means for externalizing such ideas for 
reflection, and

– chances to “monitor” the different ideas 
from a slightly abstract viewpoint

• Jigsaw can be devised to fulfill these 
assumptions.
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Dynamic jigsaw as a scheme

Among N pieces of literature (n1…N),
• Select one, ni, to take charge of it.

• Become expert of ni.

• Exchange and seek integration of ni and ni+1.

• Exchange and seek integration of ni＋ni+1 and 
mi＋mi+1 (2X2).

• Exchange and seek integration of ni＋ni+1＋ mi＋

mi+1 and other four (4X4).

• …
• Write a summary of n1 to N, including ni.
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Scale of our study
JST CREST: 2000-2004; SORST: 2005-2007

• Two 90 min. classes per semester

• Four semesters for the first two years of 
college

• Dynamic jigsaw is for the sophomores.

• Seventy students per year on average

• Data collection since 2000

• Serious data collection since 2003
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Classes
Freshmen Spring & Fall

Sophomores Spring & Fall

Concept Mapping tool
for sharing externalizations
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Class

Teaching plan Observation
notes

Data collection of classes
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System log

Student answers

Video records of class activities

ReCoNote
CMS

Teaching plan

Audio data of group activities

Observation
notes

Class
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Outcomes and dialogues

１）Retrospective interview four to 
six months after the completion of 
the two-year course

２）Class dialogue data of the 
dynamic jigsaw (2004)
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Class type # of targets % recall
Facts + Implication

% recall
Keywords

Lectures 11 2.2% 56.1%

EXP: What do you remember? 
ST: … uhh, he talked about 
meta-cognition, and uhh, he 
talked about the baseball player, 
Ichiro, and, and …that’s all.”

Remembering “a lecture”
5 months later
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Class type # of targets % recall
Facts + Implication

% recall
Keywords

Lectures 11 2.2% 56.1%

“ (What did you remember?) …
uhh, he talks about meta-
cognition, and uhh, he talks 
about the baseball player, 
Ichiro, and, and …nothing.”

Remembering “a lecture”

5 months later
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Class type # of targets % recall
Facts + Implication

% recall
Keywords

Lectures 11 2.2% 56.1%
Jigsaw 22 15.8% 7.7%

EXP: What did you read? What kind of a story? 
ST: Okay. It was about an experiment of pigeon’s memory.  
If we destroy a particular part of her brain, it can still 
distinguish the edible things from the non-edible, but 
cannot tell a triangle from other figures. So, the functions 
needed for living are distributed among different parts of the 
brain, even pigeon’s brain” 4 months later

Remembering from jigsaw
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Class type # of targets % recall
Facts + Implication

% recall
Keywords

Lectures 11 2.2% 56.1%
Jigsaw 22 15.8% 7.7%

EXP: What did you read? What kind of a story? 
ST: Okay. It was about an experiment of pigeon’s memory.  
If we destroy a particular part of her brain, it can still 
distinguish the edible things from the non-edible, but 
cannot tell a triangle from other figures. So, the functions 
needed for living are distributed among different parts of the 
brain, even pigeon’s brain” 4 months later

Remembering from jigsaw
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２）Class dialogue data
of the dynamic jigsaw

One Recorder 
per Student

They talk in
Japanese…
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“Advanced Cognitive Science” 2004

• Seventy-five sophomores
• Fifteen classes of 90 min/week 

(except for the last two weeks)
• September to December

• The students have studied followings prior to this class
– Problem solving (IDEAL by Bransford and Stein)
– Memory
– Knowledge representation (semantic net notation)
– Introductory perception
– Theories of expertization
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Learning materials

• Material

– Twenty-four literature pieces

Eight on development
Eight on perception and   

knowledge 
representation 

Eight from problem   
solving, culture and    
society

Two sided A4 each

Essentialism
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The dynamic jigsaw for Y.O.

19/Oct Select 116 of (115, 116)
26/Oct Answer quiz on 116, 115
02/Nov Practice explaining 116 to TA
09/Nov Practice explaining 115 to TA
16/Nov 1X1     115 & 116
30/Nov 2X2  (115,116)&(113,114)
07/Dec Reflection on 2X2
08/Dec 4X4  (113-116)&(109-112)
14/Dec 8X8  (109-116)&(117-124)
15/Dec 8X8  (109-116)&(101-108)
22/Dec Free jigsaw
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0
100
200
300
400
500
600
700

Prctc Prctc 1X1 2X2 Rflct 4X4 8X8 8X8 Free

Length of explanations of 116

Y.O.
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Component structure 
of the explanations

Theme The theme of the findings

Evidence
Experiments, observations, 
systems, line of logic…

Implications
Author’s interpretations 

and implications

Connections
Student’s interpretations 

and abstractions
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11/09

Prctc

12/07

4X4

12/15

8X8
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Emerging pattern

• Y.O. gives more concise explanation towards 
the end.

• The dynamic jigsaw activity requires him to
– take a close look at the text

– get help for deeper reading from TA’s
– shorten his explanation to the limit in 8X8

– re-organize evidence to select and elaborate one’s 
easiest for him to explain

– answer similar questions to select focus

– clarify his explanation for understanding through 
discussions and confusions during exchanges.
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What are 113, 4, 5, & 6?

113
ELIZA & Doctor; do we need 
process to achieve AI?

114
BUGGY: system and how it was 
used for teachers

115 BROOKS: modality interference

116
Declarative vs. procedural 
knowledge
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16/Nov: While checking their notes, his 
partner voices a question about the text.

646 NT
We have written that knowledge gets transformed from 
declarative to procedural. Is this final? 

649-655 YO
Yes, we finalized it…ah… maybe, we can put it as a last 
comment.

666-675 NT

We have talked.. from declarative to procedural 
transformation rather extensively. But couldn’t it be 
reversed, like the other way around? Is this actually 
related to automatization? I don’t understand.

686-687 YO We don’t have good examples of autmatization, yeah.
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30/Nov -1: After the pair exchanged their 
practice explanations, YO develops his own 
interpretation

441-445 YO

I just thought… we might not use procedural knowledge 
intentionally, but to be conscious about it is, maybe, 
cognitive science…

446 TN Ah…
447-448 YO So, those human behavior is difficult to explain,
449-450 KT …but we make them explainable in words. 

451-464 YO

Let me try again, cognitive science is a process of 
transforming procedural knowledge into declarative 
knowledge. How’s that? 
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into further confusion

896-902 TY

113 says that there have been two sects of AI. Colby 
thinks the outputs are important, but Weisenbaum
thinks about the algorithms in order to make an AI 
sysmte human-like.
<exchange  114, 115 and 116, then make relations>

1376-90 TY

So, Colby’s AI is procedural, because it depends on 
pattern matching, while Weisenbaum’s is declarative 
because it aims at describing the internal? 

1391-
1401 YO

Uhm, I thought it was the other way around. 
Weisenbaum puts both types of knowledge into AI, but 
Colby uses only the declarative knowledge. But I think 
you might be right…



SORST

T&D_050508 35

For advanced media society
7/Dec :In 4x4, he clarifies his viewpoint

518-520 YO

It’s strange to say that pattern matching cannot be used 
to mimic human intelligence. It doesn’t mimic how 
humans use knowledge or the situation.

548-564 AW
Buggy mimics human errors. So it’s similar to pattern 
matching.

574-575 YO
If Buggy is a pattern matching system, then it’s the 
same as what Colby does.

578-579 AW
It’s based on rules of how children make errors, based on 
thousands cases.

601-604 YO

Then the way Buggy makes mistakes is the same as 
children make mistakes, then Buggy has some 
mechanism of making mistakes. That’s why this is 
useful for learning.

608-622 AW
No, no, no. Buggy just mimics children. …We should 
read 114.

627 YO If that’s the reason, Buggy is like Colby.
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gives a shorter, more concise explanation.

YO < while explaining 109~116 >

1298-
1302 YO

In 113, the surface is declarative knowledge, and the 
inside is procedural knowledge, and if you want to make 
an AI system, you need to know the procedural 
knowledge.

1322 KM I can’t relate this 114 to others.

1323-
1333 YO

We can think of 114 as a trial to implement the 
procedural knowledge into AI, and its implication is that 
externalizing the procedural knowledge does something 
good.
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22/Dec : A “novice” audience helps 

voicing

1403-07 YO
114 says that externalization makes the internal 
processes visible, and

1408 KT Yeah

1408-13 YO

For example, when you teach arithmetic to a child and 
he makes an error, you might not be able to find why. 
But by externalizing the cognitive model you can, you 
can…

1414 KT I see, I see,
1415 YO uh, how should I say it?

1416 KT
…we can know what happens in the head of a child and 
causes an error.

1417-27 YO
Yes, yes, yes, yes, yes. That’s the proof that it 
(=externalizing the cognitive model) is useful.
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Constructive interaction

and dynamic jigsaw
• Monitor provides a slightly more 

abstract perspective to help each 
to generalize the experience.

• The dynamic jigsaw facilitates the 
role of the monitor, which helps 
clarify the essence of explanations

• The activity structure enforces the 
explanations to be concise, so that 
they could be “portable.”
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We continue…
• Establish cases where students learn, 

and identify successful and 
unsuccessful learning activities.

• Establish a microgenetic process of this 
level of knowledge construction

• Find matches between activity types and 
student achievements.

• Propose a new structure for college 
education to accommodate  future 
needs.


	Repeated �Constructive Interaction for�Sustainable Understanding�in College Classroom
	Dr. Lauren Resnick
	The very long term goal of my research
	Research goals
	Outline
	Two cautions
	Learning objectives 
	Stepwise goals of �learning activities
	Dynamic jigsaw
	Why Jigsaw?
	Dynamic jigsaw as a scheme
	Scale of our study�JST CREST: 2000-2004; SORST: 2005-2007 
	Classes under study
	Outcomes and dialogues
	Remembering “a lecture”
	Remembering “a lecture”
	Remembering from jigsaw
	Remembering from jigsaw
	２）Class dialogue data�of the dynamic jigsaw
	“Advanced Cognitive Science” 2004
	Learning materials
	The dynamic jigsaw for Y.O.
	Component structure �of the explanations
	Emerging pattern
	What are 113, 4, 5, & 6?
	16/Nov: While checking their notes, his partner voices a question about the text.�
	30/Nov -1: After the pair exchanged their practice explanations, YO develops his own interpretation
	30/Nov-2 : Exchanging explanations leads into further confusion
	7/Dec :In 4x4, he clarifies his viewpoint
	15/Dec : He confirms his view when he gives a shorter, more concise explanation.
	22/Dec : A “novice” audience helps voicing
	Constructive interaction�and dynamic jigsaw
	We continue…



