
Studying Virtual Math Teams



COMPUTER-SUPPORTED COLLABORATIVE LEARNING

VOLUME 11

Series Editor:

Chris Hoadley, Pennsylvania State University, Pennsylvania, USA
Naomi Miyake, Chukyo University, Aichi, Japan

Editorial Board:

Michael Baker, CNRS & Université Lumière Lyon, France
Carl Bereiter, Ontario Institute for Studies in Education, Canada

Yrjö Engeström, University of Helsinki, Finland
Gerhard Fischer, University of Colorado, U.S.A.

H. Ulrich Hoppe, University of Duisburg-Essen, Germany
Timothy Koschmann, Southern Illinois University, U.S.A.

Claire O’Malley, University of Nottingham, U.K.
Roy Pea, SRI International, U.S.A.

Clotilde Pontecorovo, University ‘La Sapienza’, Italy
Jeremy Roschelle, SRI International, U.S.A.
Daniel Suthers, University of Hawaii, U.S.A.

The Computer-Supported Collaborative Learning Book Series is for people working in the
CSCL field. The scope of the series extends to ‘collaborative learning’ in its broadest sense;
the term is used for situations ranging from two individuals performing a task together, during
a short period of time, to groups of 200 students following the same course and interacting
via electronic mail. This variety also concerns the computational tools used in learning: elab-
orated graphical whiteboards support peer interaction, while more rudimentary text-based
discussion forums are used for large group interaction. The series will integrate issues related
to CSCL such as collaborative problem solving, collaborative learning without computers,
negotiation patterns outside collaborative tasks, and many other relevant topics. It will also
cover computational issues such as models, algorithms or architectures which support inno-
vative functions relevant to CSCL systems.

The edited volumes and monographs to be published in this series offer authors who have car-
ried out interesting research work the opportunity to integrate various pieces of their recent
work into a larger framework.



Gerry Stahl

Studying Virtual Math Teams

123



Gerry Stahl
College of Information Science &

Technology
Drexel University
3141 Chestnut St.
Philadelphia, PA 19104-2875
USA
gerry@gerrystahl.net

ISBN 978-1-4419-0227-6 e-ISBN 978-1-4419-0228-3
DOI 10.1007/978-1-4419-0228-3
Springer New York Dordrecht Heidelberg London

Library of Congress Control Number: 2009930753

© Springer Science+Business Media, LLC 2009
All rights reserved. This work may not be translated or copied in whole or in part without the written
permission of the publisher (Springer Science+Business Media, LLC, 233 Spring Street, New York,
NY 10013, USA), except for brief excerpts in connection with reviews or scholarly analysis. Use in
connection with any form of information storage and retrieval, electronic adaptation, computer software,
or by similar or dissimilar methodology now known or hereafter developed is forbidden.
The use in this publication of trade names, trademarks, service marks, and similar terms, even if they are
not identified as such, is not to be taken as an expression of opinion as to whether or not they are subject
to proprietary rights.

Printed on acid-free paper

Springer is part of Springer Science+Business Media (www.springer.com)



Contents

Part I Introducing Group Cognition in Virtual Math Teams

Introduction to Part I . . . . . . . . . . . . . . . . . . . . . . . . . 3

1 A Chat About Chat . . . . . . . . . . . . . . . . . . . . . . . . . . 7
Gerry Stahl

2 The VMT Vision . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17
Gerry Stahl

3 Mathematical Discourse as Group Cognition . . . . . . . . . . . . 31
Gerry Stahl

4 Interactional Methods and Social Practices in VMT . . . . . . . . 41
Gerry Stahl

5 From Individual Representations to Group Cognition . . . . . . . 57
Gerry Stahl

Part II Studying Group Cognition in Virtual Math Teams

Introduction to Part II . . . . . . . . . . . . . . . . . . . . . . . . 77

6 The Sequential Co-Construction of the Joint Problem Space . . . 83
Johann W. Sarmiento-Klapper

7 The Organization of Graphical, Narrative
and Symbolic Interactions . . . . . . . . . . . . . . . . . . . . . . 99
Murat Perit Çakir

8 Question Co-Construction in VMT Chats . . . . . . . . . . . . . . 141
Nan Zhou

9 Resolving Differences of Perspective in a VMT Session . . . . . . 161
Ramon Prudencio S. Toledo

v



vi Contents

Part III Studying Group Discourse in Virtual Math Teams

Introduction to Part III . . . . . . . . . . . . . . . . . . . . . . . . 181

10 Representational Practices in VMT . . . . . . . . . . . . . . . . . 185
Richard Medina, Daniel D. Suthers, and Ravi Vatrapu

11 Student and Team Agency in VMT . . . . . . . . . . . . . . . . . 207
Elizabeth S. Charles and Wesley Shumar

12 Group Creativity in VMT . . . . . . . . . . . . . . . . . . . . . . 225
Johann W. Sarmiento-Klapper

13 Inscriptions, Mathematical Ideas and Reasoning in VMT . . . . . 237
Arthur B. Powell and F. Frank Lai

14 Reading’s Work in VMT . . . . . . . . . . . . . . . . . . . . . . . 261
Alan Zemel and Murat Perit Çakir

Part IV Designing the VMT Collaboration Environment

Introduction to Part IV . . . . . . . . . . . . . . . . . . . . . . . . 279

15 The Integration of Dual-Interaction Spaces . . . . . . . . . . . . . 281
Martin Mühlpfordt and Martin Wessner

16 Designing a Mix of Synchronous and Asynchronous
Media for VMT . . . . . . . . . . . . . . . . . . . . . . . . . . . . 295
Gerry Stahl

17 Deictic Referencing in VMT . . . . . . . . . . . . . . . . . . . . . 311
Gerry Stahl

18 Scripting Group Processes in VMT . . . . . . . . . . . . . . . . . 327
Gerry Stahl

19 Helping Agents in VMT . . . . . . . . . . . . . . . . . . . . . . . 335
Yue Cui, Rohit Kumar, Sourish Chaudhuri, Gahgene Gweon,
and Carolyn Penstein Rosé

Part V Representing Group Interaction in VMT

Introduction to Part V . . . . . . . . . . . . . . . . . . . . . . . . 357

20 Thread-Based Analysis of Patterns in VMT . . . . . . . . . . . . . 359
Murat Perit Çakir, Fatos Xhafa, and Nan Zhou

21 Studying Response-Structure Confusion in VMT . . . . . . . . . 373
Hugo Fuks and Mariano Pimentel

22 A Multidimensional Coding Scheme for VMT . . . . . . . . . . . 399
Jan-Willem Strijbos



Contents vii

23 Combining Coding and Conversation Analysis of VMT Chats . . 421
Alan Zemel, Fatos Xhafa, and Murat Perit Çakir

24 Polyphonic Inter-Animation of Voices in VMT . . . . . . . . . . . 451
Stefan Trausan-Matu and Traian Rebedea

25 A Model for Analyzing Math Knowledge Building in VMT . . . . 475
Juan Dee Wee and Chee-Kit Looi

Part VI Conceptualizing Group Cognition in VMT

Introduction to Part VI . . . . . . . . . . . . . . . . . . . . . . . . 501

26 Meaning Making in VMT . . . . . . . . . . . . . . . . . . . . . . 505
Gerry Stahl

27 Critical Ethnography in the VMT Project . . . . . . . . . . . . . 529
Terrence W. Epperson

28 Toward a Science of Group Cognition . . . . . . . . . . . . . . . . 555
Gerry Stahl

Notes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 581

References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 585

Name Index . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 609

Subject Index . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 615



List of Figures

Figure 2.1 Some of the VMT team . . . . . . . . . . . . . . . . . . . 19
Figure 2.2 The VMT lobby . . . . . . . . . . . . . . . . . . . . . . . 21
Figure 2.3 A VMT chat room . . . . . . . . . . . . . . . . . . . . . . 22
Figure 3.1 Three students chat about the mathematics of

stacked blocks . . . . . . . . . . . . . . . . . . . . . . . . 32
Figure 4.1 Screen view of the VMT environment with

referencing . . . . . . . . . . . . . . . . . . . . . . . . . . 53
Figure 6.1 Primary features of achieving convergent conceptual

change . . . . . . . . . . . . . . . . . . . . . . . . . . . . 86
Figure 6.2 Grid-world task . . . . . . . . . . . . . . . . . . . . . . . 87
Figure 6.3 Snapshots of grid-world problem resources created

by VMT groups . . . . . . . . . . . . . . . . . . . . . . . 88
Figure 6.4 Three dimensions of interaction in bridging work . . . . . 91
Figure 7.1 Task description . . . . . . . . . . . . . . . . . . . . . . . 104
Figure 7.2 A screen-shot of the VMT environment . . . . . . . . . . . 105
Figure 7.3 Six stages of 137’s drawing actions obtained from

the Replayer tool . . . . . . . . . . . . . . . . . . . . . . . 108
Figure 7.4 The evolution of Qwertyuiop’s drawing in response

to 137’s request . . . . . . . . . . . . . . . . . . . . . . . 109
Figure 7.5 The interface at the 12th stage of Fig. 7.4 . . . . . . . . . . 110
Figure 7.6 Snapshots from the sequence of drawing actions

performed by 137 . . . . . . . . . . . . . . . . . . . . . . 115
Figure 7.7 Use of the referencing tool to point to a stage of the

hexagonal array . . . . . . . . . . . . . . . . . . . . . . . 116
Figure 7.8 137 splits the hexagon into 6 parts . . . . . . . . . . . . . 119
Figure 7.9 A reconstruction of the first three iterations of the

geometric pattern . . . . . . . . . . . . . . . . . . . . . . 121
Figure 8.1 The session in the Replayer tool . . . . . . . . . . . . . . . 150
Figure 9.1 The perimeter-of-an-octagon problem . . . . . . . . . . . . 167
Figure 9.2 The diagram prior to “labeling” by participants . . . . . . . 168
Figure 9.3 The labeled diagram . . . . . . . . . . . . . . . . . . . . . 169
Figure 9.4 Hexagon . . . . . . . . . . . . . . . . . . . . . . . . . . . 172
Figure 9.5 Octagon . . . . . . . . . . . . . . . . . . . . . . . . . . . 172

ix



x List of Figures

Figure 10.1 Team B in the VMT software environment . . . . . . . . . 187
Figure 10.2 Instructions for Session 1 . . . . . . . . . . . . . . . . . . 190
Figure 10.3 Initiating the practice of visualizing problem

decomposition . . . . . . . . . . . . . . . . . . . . . . . . 192
Figure 10.4 Side view of pyramid . . . . . . . . . . . . . . . . . . . . 195
Figure 10.5 Top view of pyramid . . . . . . . . . . . . . . . . . . . . . 195
Figure 10.6 Color used to show layers of pyramid . . . . . . . . . . . . 197
Figure 10.7 Team C’s solution in the wiki . . . . . . . . . . . . . . . . 199
Figure 10.8 Growth of a diamond pattern . . . . . . . . . . . . . . . . 199
Figure 10.9 Whiteboard at line 4096 in Log 10-5 . . . . . . . . . . . . 200
Figure 10.10 Representational practices across people and

artifacts . . . . . . . . . . . . . . . . . . . . . . . . . . . 203
Figure 12.1 Grid-world task . . . . . . . . . . . . . . . . . . . . . . . 228
Figure 12.2 Labeling to support reference . . . . . . . . . . . . . . . . 229
Figure 12.3 Multiple representations on the shared whiteboard . . . . . 232
Figure 13.1 The pizza problem . . . . . . . . . . . . . . . . . . . . . . 242
Figure 13.2 Screenshot of phase 3 . . . . . . . . . . . . . . . . . . . . 247
Figure 13.3 Screenshot of phase 4 . . . . . . . . . . . . . . . . . . . . 248
Figure 13.4 Screenshot of Silvestre’s final solution . . . . . . . . . . . 254
Figure 13.5 The initial rows of Pascal’s triangle . . . . . . . . . . . . . 257
Figure 14.1 Movement of graphical objects to do practical

reasoning . . . . . . . . . . . . . . . . . . . . . . . . . . . 275
Figure 14.2 Jason indexes an area of the whiteboard . . . . . . . . . . . 276
Figure 15.1 Functionality in the VMT interface . . . . . . . . . . . . . 286
Figure 15.2 Explicit referencing must be learned . . . . . . . . . . . . 289
Figure 15.3 Bwang uses an explicit reference . . . . . . . . . . . . . . 290
Figure 15.4 Screen shot after message 1546 . . . . . . . . . . . . . . . 292
Figure 16.1 The VMT Lobby . . . . . . . . . . . . . . . . . . . . . . . 306
Figure 16.2 The VMT tabbed workspace . . . . . . . . . . . . . . . . 307
Figure 16.3 The VMT course wiki . . . . . . . . . . . . . . . . . . . . 308
Figure 16.4 The VMT probability wiki page . . . . . . . . . . . . . . . 309
Figure 17.1 Screen view of referencing . . . . . . . . . . . . . . . . . 316
Figure 19.1 Early environment for collaborative math problem

solving . . . . . . . . . . . . . . . . . . . . . . . . . . . . 339
Figure 19.2 Integrated version of the VMT environment . . . . . . . . 350
Figure 19.3 Configuration of Basilica . . . . . . . . . . . . . . . . . . 353
Figure 21.1 Relation-distance distribution . . . . . . . . . . . . . . . . 376
Figure 21.2 Subject distribution (first 30 messages in detail

above) . . . . . . . . . . . . . . . . . . . . . . . . . . . . 377
Figure 21.3 Subjects in parallel . . . . . . . . . . . . . . . . . . . . . . 378
Figure 21.4 Subject alternation . . . . . . . . . . . . . . . . . . . . . . 378
Figure 21.5 Subject waves . . . . . . . . . . . . . . . . . . . . . . . . 379
Figure 21.6 Concentration and confluence . . . . . . . . . . . . . . . . 379
Figure 22.1 Sample rules for conversation codes . . . . . . . . . . . . 414



List of Figures xi

Figure 23.1 Box-plots of problem-solving and math-move
dimensions . . . . . . . . . . . . . . . . . . . . . . . . . . 425

Figure 23.2 Box-plots of problem-solving and math-move
dimensions . . . . . . . . . . . . . . . . . . . . . . . . . . 427

Figure 23.3 Pow1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 442
Figure 23.4 Pow2G (referred to as Pow2A earlier) . . . . . . . . . . . 442
Figure 23.5 Pow2M (referred to as Pow2b earlier) . . . . . . . . . . . . 443
Figure 23.6 Pow9 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 443
Figure 23.7 Pow10 . . . . . . . . . . . . . . . . . . . . . . . . . . . . 443
Figure 23.8 Pow18 . . . . . . . . . . . . . . . . . . . . . . . . . . . . 444
Figure 23.9 Multidimensional scaling analysis of proximity

matrix . . . . . . . . . . . . . . . . . . . . . . . . . . . . 446
Figure 24.1 Two types of links in the chat. . . . . . . . . . . . . . . . . 454
Figure 24.2 Multiple parallel threads. . . . . . . . . . . . . . . . . . . 455
Figure 24.3 The longitudinal-transversal dimensions. . . . . . . . . . . 455
Figure 24.4 Topic detection screen. . . . . . . . . . . . . . . . . . . . 466
Figure 24.5 Graphical visualization of the discussion threads. . . . . . . 468
Figure 24.6 A conversation with (a) equal and (b) non-equal

participation. . . . . . . . . . . . . . . . . . . . . . . . . . 468
Figure 24.7 A fragment of the conversation from Log 24–10. . . . . . . 469
Figure 24.8 The evolution of the contribution of the participants

in the chat. . . . . . . . . . . . . . . . . . . . . . . . . . . 472
Figure 25.1 A sample OE problem . . . . . . . . . . . . . . . . . . . . 480
Figure 25.2 A sample CA problem . . . . . . . . . . . . . . . . . . . . 481
Figure 25.3 A sample GCC problem . . . . . . . . . . . . . . . . . . . 483
Figure 25.4 CIM before triangulation with IUDT . . . . . . . . . . . . 488
Figure 25.5 CIM after triangulation with IUDT . . . . . . . . . . . . . 489
Figure 25.6 Stages in the Collaborative Interaction Model . . . . . . . 490
Figure 25.7 Collaborative Interaction Model (Mason, Charles

and Kenneth) . . . . . . . . . . . . . . . . . . . . . . . . . 493
Figure 26.1 View of VMT environment during the excerpt . . . . . . . 509
Figure 26.2 Collaborative math in a classroom . . . . . . . . . . . . . . 516
Figure 26.3 The threading of Aznx’s postings . . . . . . . . . . . . . . 520
Figure 26.4 The response structure . . . . . . . . . . . . . . . . . . . . 521
Figure 26.5 References to contextual relevancies . . . . . . . . . . . . 522
Figure 26.6 Indexical references . . . . . . . . . . . . . . . . . . . . . 523
Figure 26.7 A network of references . . . . . . . . . . . . . . . . . . . 524
Figure 28.1 A VMT data session . . . . . . . . . . . . . . . . . . . . . 567



List of Tables

Table 5.1 Problems answered correctly by individuals and the
group . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 60

Table 13.1 Matrix of event types . . . . . . . . . . . . . . . . . . . . . 242
Table 13.2 Time interval description . . . . . . . . . . . . . . . . . . . 243
Table 19.1 Questionnaire results . . . . . . . . . . . . . . . . . . . . . 341
Table 19.2 Results from corpus analysis . . . . . . . . . . . . . . . . . 347
Table 20.1 Description of the coded chat logs . . . . . . . . . . . . . . 361
Table 20.2 Conversation dyads . . . . . . . . . . . . . . . . . . . . . . 365
Table 20.3 Row based distribution of conversation dyads . . . . . . . . 366
Table 20.4 Handle dyads for Pow2a and Pow2b . . . . . . . . . . . . . 368
Table 20.5 Problem-solving dyads for Pow2a and Pow2b . . . . . . . . 369
Table 21.1 Data from the VMT chat-analysis workshop . . . . . . . . 381
Table 21.2 Referencing data . . . . . . . . . . . . . . . . . . . . . . . 388
Table 21.3 Chatter profiles . . . . . . . . . . . . . . . . . . . . . . . . 392
Table 22.1 VMT coding steps (italic signals addition during

calibration) . . . . . . . . . . . . . . . . . . . . . . . . . . 402
Table 22.2 The proportion agreement indices . . . . . . . . . . . . . . 405
Table 22.3 Proportion agreement, kappa and alpha . . . . . . . . . . . 408
Table 23.1 Description of the coded chat logs . . . . . . . . . . . . . . 424
Table 23.2 Pearson correlation of vector values of 6 PoW-wows . . . . 425
Table 23.3 Pearson correlations with system support excluded . . . . . 426
Table 23.4 Proximity matrix . . . . . . . . . . . . . . . . . . . . . . . 426
Table 23.5 Data dictionary . . . . . . . . . . . . . . . . . . . . . . . . 441
Table 23.6 Frequency of postings in each activity by PoW-wow . . . . 444
Table 23.7 Similarity matrix with all variables . . . . . . . . . . . . . 445
Table 23.8 Similarity matrix without problem solving . . . . . . . . . 446
Table 23.9 Similarity matrix . . . . . . . . . . . . . . . . . . . . . . . 447
Table 23.10 Pow2G probability transition table . . . . . . . . . . . . . . 448
Table 23.11 Pow2M probability transition table . . . . . . . . . . . . . 449
Table 23.12 Pow18 probability transition table . . . . . . . . . . . . . . 449
Table 25.1 Lincoln’s individual uptake descriptor table . . . . . . . . . 494
Table 27.1 Schematic comparison of classic and critical

ethnography . . . . . . . . . . . . . . . . . . . . . . . . . . 532

xiii



Logs

Log 4-1. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 51
Log 4-2. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 54
Log 5-1. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 62
Log 6-1. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 92
Log 6-2. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 94
Log 7-1. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 107
Log 7-2. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 112
Log 7-3. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 114
Log 7-4. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 118
Log 7-5. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 120
Log 8-1. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 144
Log 8-2. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 147
Log 8-3. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 149
Log 8-4. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 152
Log 8-5. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 153
Log 8-6. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 154
Log 8-7. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 155
Log 8-8. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 156
Log 8-9. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 156
Log 9-1. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 166
Log 9-2. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 168
Log 9-3. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 170
Log 9-4. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 171
Log 10-1. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 191
Log 10-2. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 194
Log 10-3. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 196
Log 10-4. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 200
Log 10-5. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 201
Log 11-1. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 216
Log 11-2. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 219
Log 11-3. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 221
Log 11-4. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 222
Log 12-1. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 230

xv



xvi Logs

Log 14-1. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 266
Log 14-2. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 270
Log 14-3. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 271
Log 14-4. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 272
Log 15-1. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 290
Log 15-2. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 291
Log 17-1. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 318
Log 19-1. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 345
Log 19-2. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 346
Log 19-3. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 346
Log 19-4. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 346
Log 19-5. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 350
Log 19-6. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 350
Log 19-7. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 351
Log 19-8. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 351
Log 20-1. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 363
Log 21-1. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 375
Log 21-2. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 380
Log 21-3. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 382
Log 21-4. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 384
Log 21-5. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 384
Log 21-6. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 385
Log 21-7. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 385
Log 21-8. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 386
Log 21-9. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 386
Log 21-10. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 388
Log 21-11. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 389
Log 21-12. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 389
Log 21-13. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 390
Log 21-14. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 390
Log 21-15. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 390
Log 21-16. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 394
Log 21-17. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 395
Log 21-18. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 396
Log 21-19. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 397
Log 22-1. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 404
Log 22-2. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 415
Log 23-1. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 429
Log 23-2. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 430
Log 23-3. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 438
Log 23-4. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 439
Log 24-1. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 459
Log 24-2. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 462
Log 24-3. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 462
Log 24-4. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 463



Logs xvii

Log 24-5. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 463
Log 24-6. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 463
Log 24-7. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 464
Log 24-8. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 464
Log 24-9. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 464
Log 24-10. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 471
Log 25-1. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 484
Log 25-2. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 485
Log 25-3. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 486
Log 26-1. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 509



Authors and Collaborators

VMT Principal Investigators

Gerry Stahl, Information Science, Drexel University, gerry@gerrystahl.net

Wesley Shumar, Anthropology, Drexel University, shumarw@drexel.edu

Stephen Weimar, The Math Forum, Drexel University, steve@mathforum.org

VMT Post-doctoral Researcher

Alan Zemel, Communication & Culture, Drexel University, arz27@drexel.edu

VMT PhD Research Assistants

Murat Perit Çakir, Information Science, Drexel University (from Turkey),
mpc48@drexel.edu

Johann W. Sarmiento, Information Science, Drexel University (from Columbia),
jsarmi@drexel.edu

Ramon Prudencio S. Toledo, Information Science, Drexel University (from
Philippines), ramon.toledo@drexel.edu

Nan Zhou, Information Science, Drexel University (from China),
nan.zhou@drexel.edu

VMT Visiting Researchers

Elizabeth S. Charles, School of Education, Dawson College, Canada,
echarles@place.dawsoncollege.qc.ca

Fei-Ching Chen, Graduate Institute of Learning & Instruction, National Central
University, Taiwan, fcc@cc.ncu.edu.tw

xix



xx Authors and Collaborators

Weiqin Chen, Computer Science, University of Bergen, Norway,
weiqin.chen@infomedia.uib.no

Ilene Litz Goldman, School of Education, Nova University, USA,
irl22@drexel.edu

Martin Mühlpfordt, Computer Science, IPSI Fraunhofer Institute, Germany,
martin.muehlpfordt@gmx.de

Henrry Rodriguez, Computer Science, Royal Institute of Technology, Sweden,
henrry.rodriguez@drexel.edu

Jan-Willem Strijbos, Educational Sciences, Leiden University, the Netherlands,
jwstrijbos@fsw.leidenuniv.nl

Stefan Trausan-Matu, Computer Science, Politehnica University of Bucharest,
Romania, stefan.trausan@cs.pub.ro

Martin Wessner, Computer Science, IPSI & IESE Fraunhofer Institute, Germany,
martin.wessner@iese.fraunhofer.de

Fatos Xhafa, Computer Science, The Open University of Catalonia, Barcelona,
Spain, fxhafa@uoc.edu

Collaborating Researchers

Marcelo Bairral, Math Education, Federal Rural University of Rio de Janeiro,
Brazil, mbairral@ufrrj.br

Sourish Chaudhuri, School of Computer Science, Carnegie Mellon University,
USA, sourish@cmu.edu

Yue Cui, School of Computer Science, Carnegie Mellon University, USA,
ycui@cs.cmu.edu

Terrence W. Epperson, Social Sciences Librarian, The College of New Jersey,
USA, epperson@tcnj.edu

Hugo Fuks, Informatics, Pontifical Catholic University of Rio de Janeiro, Brazil,
hugo@inf.puc-rio.br

Gahgene Gweon, School of Computer Science, Carnegie Mellon University,
USA, gkg@cmu.edu

Timothy Koschmann, Medical Education, Southern Illinois University, USA,
tkoschmann@siumed.edu

Rohit Kumar, School of Computer Science, Carnegie Mellon University, USA,
rohitk@andrew.cmu.edu

F. Frank Lai, Urban Education, Rutgers University at Newark, USA,
ffLai@eden.rutgers.edu



Authors and Collaborators xxi

Chee-Kit Looi, Learning Sciences, Nanyang Technological University, Singapore,
cheekit.looi@nie.edu.sg

Richard Medina, Information & Computer Sciences, University of Hawai‘i,
USA, rmedina@hawaii.edu

Mariano Pimentel, Applied Informatics, Federal University of State of Rio de
Janeiro (UNIRIO), Brazil, pimentel@unirio.br

Arthur B. Powell, Urban Education, Rutgers University at Newark, USA,
powellab@andromeda.rutgers.edu

Traian Rebedea, Computer Science, Politehnica University of Bucharest,
Romania, traian.rebedea@cs.pub.ro

Carolyn Penstein Rosé, School of Computer Science, Carnegie Mellon
University, USA, cprose@cs.cmu.edu

Daniel D. Suthers, Information & Computer Sciences, University of Hawai‘i,
USA, suthers@hawaii.edu

Ravi Vatrapu, Information & Computer Sciences, University of Hawai‘i, USA,
vatrapu@hawaii.edu

Juan Dee Wee, Learning Sciences, Nanyang Technological University, Singapore,
johnwee@pmail.ntu.edu.sg

VMT Staff and Consultants

Joel Eden, Information Science, Drexel University, joel.eden@gmail.com

Annie Fetter, The Math Forum, Drexel University, annie@mathforum.org

Rev Guron, The Math Forum, Drexel University, rguron@mathforum.org

Michael Plommer, Software Consultant, Germany, m_plomer@gmx.net

Ian Underwood, The Math Forum, Drexel University, ian@mathforum.org



Part I
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Introduction to Part I

Virtual math teams are small groups of learners of mathematics who meet online to
discuss math. They encounter stimulating math problems and engage in intense dis-
cussions of math issues among peers. It is now technologically possible for students
from around the world to gather together in these teams and to share mathemat-
ical experiences involving deep conceptual relationships that invoke wonder—the
kinds of experiences that can lead to a lifetime fascination with mathematics, sci-
ence and other intellectual pursuits. The online meeting of students from different
backgrounds can spark interchanges and collaborative inquiry that lead to creative
insight. The accomplishments of such groups can have productive consequences for
the students involved. The meeting can also produce records of the interactions,
which researchers can study to understand the group processes involved in collabo-
rative math exploration.

Beginning in 2002, a group of researchers and online-math-education-service
providers began the Virtual Math Teams (VMT) Project, which is still active in
2009 as this book goes to press. The mission of the VMT Project is to provide a
new opportunity for students to engage in mathematical discourse. We have three
primary goals in this project:

• As service providers, we want to provide a stimulating online service for use by
student teams from around the world.

• As educational-technology designers, we want to develop an online environ-
ment that will effectively foster student mathematical discourse and collaborative
knowledge building.

• As researchers, we want to understand the nature of team interaction during math-
ematical discourse within this new environment.

The VMT Project was launched to pursue these goals through an iterative, cycli-
cal process of design-based research at the Math Forum at Drexel University in
Philadelphia, USA. This book reports on some of our progress to date in this
effort.

Studying Virtual Math Teams is a diverse collection of chapters about various
aspects of the VMT Project and about the group interactions that take place in the
VMT environment. Researchers who have been involved with the project in different
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4 Introduction to Part I

ways contributed chapters on their findings. Because of the deeply collaborative
nature of the project, all the chapters are, at heart, group products. Most of them are
written by core members of the VMT research team, which has met together weekly
over the years of the project to analyze logs of student interaction in detailed group
data sessions. Others are written by researchers who visited the project for several
months or who used the VMT environment or data for investigations in their own
collaborative research groups.

The collecting of the chapters was initiated at an all-day workshop at the CSCL
2007 international conference, where drafts of many of the chapters were presented
and discussed. Early versions of these presentations had been previously critiqued
through online sessions conducted within the VMT environment. The researchers
involved have profoundly influenced each other’s thinking/writing. Furthermore, all
chapters have been heavily edited to form a coherent volume with manifold connec-
tions and tensions.

The motivation behind the VMT Project and the historical background for this
book is provided at length in Group Cognition: Computer Support for Building Col-
laborative Knowledge (Stahl, 2006b). That book covered the author’s work for the
decade preceding the VMT Project, in which he and his colleagues developed a
number of computer systems to support knowledge building, analyzed the interac-
tions that took place by users of those systems and explored theoretical aspects of
such group interaction. The book argued for a need to investigate what it termed
group cognition: the interactive processes by means of which small groups of peo-
ple can solve problems, build knowledge and achieve other cognitive accomplish-
ments through joint effort. In particular, it proposed studying this in online envi-
ronments, in which a complete record of the shared interaction could be captured
for replay and detailed study. The chapters of Group Cognition—mostly written
before the VMT Project began—envisioned a research agenda that could elabo-
rate and support its theory of group cognition. The chapters of Studying Virtual
Math Teams report on the results of implementing that research agenda with the
VMT Project and confirm the conjectures or fulfill the promises of the earlier work.
They also extend the theory of group cognition substantially with the detail of
their empirical findings and the corresponding analyses by the VMT team and its
collaborators.

This volume is meant to display the methodology that we have developed through
our group interaction with the project data. The Editor and his colleagues have in the
past made claims about what microanalysis of chat logs could provide, and it is now
time to document this. We do not claim to have invented a completely new approach,
having learned enormously from the many social-science researchers referenced in
our chapters. However, we have adapted existing approaches to fit the context of our
situated work through the inter-animation of our own diverse perspectives on the
scientific enterprise. Many of these perspectives will shine through in the individual
chapters authored by different people or small groups. As the history of the project
emerges from the consecutive pages that follow, the influence of project personnel
and visitors will become evident.
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In terms of analysis method, our first visiting researchers—Strijbos and Xhafa—
introduced us to both the rigors and the limitations of coding. Zemel then pro-
vided expertise in the alternative approach of conversation analysis. However,
conversation analysis did not quite fit our undertaking, because it is oriented toward
physical (rather than virtual) co-presence of participants and because it aims to
reveal the interactional methods of participants (rather than assess educational
designs). So we gradually adapted conversation analysis, which is traditionally
based on a particular style of video transcriptions of informal talk, to replayable
chat logs of students doing goal-directed problem solving. Weimar’s sensitivity to
educational interactions, Shumar’s perspective from social theory and ethnographic
practice as well as Stahl’s focus on design-based research processes all helped to
sculpt this into an effective practice. Our gradually emerging findings also modi-
fied our approach, such as Sarmiento’s research into how students sustain longer
episodes than are usually studied in CA, Çakir’s analyses of the dialectic between
visual/graphical reasoning and symbolic/textual group cognition, and Zhou and
Toledo’s studies of questioning and resolving differences as drivers of collabora-
tive problem solving.

Despite the sequential development of themes as this book unfolds, the chapters
retain the self-contained character of individual essays. The reader is welcome to
skip around at will. However, we have also tried to provide some coherence and
flow to the volume as a whole, and the ambitious reader may want to follow the
over-arching narrative step by step:

• Part I provides a gentle introduction to the perspective, vision, technology, theory,
methodology and analysis of the VMT Project.

• Part II digs deeply into the data, analyzing specific aspects of group interactions
that take place in the VMT environment.

• Part III investigates higher-level issues of the team discourse, such as small-group
agency, problem solving, creativity and reasoning.

• Part IV turns to design issues of the online technology that supports the student
communication: how to integrate different media and how to structure important
functionality.

• Part V explores various ways of analyzing and representing the foundational
response structure of small-group interaction in chat.

• Part VI concludes with the implications of the preceding chapters for a science
of group cognition.

Introducing Group Cognition in Virtual Math Teams

Part I offers an introduction to the study of group cognition in virtual math teams. It
consists of four chapters written by the Editor on independent occasions (see Notes
at end of book) and in varying literary genres (interview, user manual, book review,
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methodological reflection and case study). They should provide entry for the reader
into the orientation and intricacies of the book’s material:

• Chapter 1 is an informal discourse on the Editor’s views about how to think
about computer support for collaborative learning. It was written at the request
of an Italian journal about knowledge building, and is structured as an interview
by the journal.

• Chapter 2 was written for teachers who are interested in using the VMT service
with their students. It describes technological and pedagogical aspects. Although
the details of the environment have evolved from year to year, the general descrip-
tion in this chapter provides good background for most of the later analyses of
student interactions. It is written for potential users—or their teachers—to give a
sense of the practical instructional uses of the service.

• Chapter 3 reproduces a review of a recent book that conceptualizes mathematical
learning in terms of discourse. The position elaborated there motivates the VMT
orientation to math learning through discursive problem solving. The review then
extends the book’s approach to apply it to small-group interactions, such as those
in the VMT Project. Extended this way, the book’s theory of mathematics pro-
vides a way of understanding group cognition in collaborative math work.

• Chapter 4 presents the methodology of the VMT Project analyses: to describe the
group practices that the student teams use in doing their collaborative intellectual
work. Specifically, this chapter introduces several analyses that appear in later
parts of the volume to illustrate the analytic approach. In giving a glimpse of
concrete analyses that will follow, it situates them in one way of understanding
their significance.

• Chapter 5 goes into detail on one of the analyses in Chapter 4, providing
two competing analyses of the same interaction: one in terms of an individ-
ual solving a tricky math problem and the other understanding the solution as
a group achievement. The subtle interplay between individual and group phe-
nomena/analyses provides a pivotal theme for the VMT Project, for the theory
of group cognition and for the present volume. Without trying to be conclusive,
this chapter at least makes explicit the issue that is perhaps the most subtle and
controversial in the theory of group cognition.

These essays and the subsequent studies of the VMT Project in Parts II through
VI are intended to help you, the reader, to initiate your own studying of virtual
math teams (or similar phenomena) and to further your reflections on the associated
theoretical and scientific themes.



Chapter 1
A Chat About Chat

Gerry Stahl

Abstract This is an informal discussion from my personal perspective on
computer-supported collaborative learning (CSCL). I envision an epical opportu-
nity for promising new media to enable interpersonal interaction with today’s net-
work technologies. While asynchronous media have often been tried in classroom
settings, I have found that synchronous text chat in small workgroups can be par-
ticularly engaging in certain circumstances—although perhaps chat can often be
integrated with asynchronous hypermedia to support interaction within larger com-
munities over longer periods. More generally, building collaborative knowledge,
making shared meaning, clarifying a group’s terminology, inscribing specialized
symbols and creating significant artifacts are foundational activities in group pro-
cesses, which underlie internalized learning and individual understanding no matter
what the medium. Therefore, I look at the online discourse of small groups to see
how groups as such accomplish these activities. This has consequences for research
and design about learning environments that foster knowledge building through
group cognition, and consequently contribute to individual learning.

Keywords CSCL · group cognition · text chat · math education

Interviewer: Prof. Stahl, can you chat with us a little about your
view of research in computer-supported collaborative learning
today?

For me, CSCL stands at an exciting turning point today. The field of computer-
supported collaborative learning (or, “CSCL”) started in the early 1990s as an
interdisciplinary effort to think about how to take advantage of the availability of
computers for education. In particular, social constructivist ideas were in the air

G. Stahl (B)
College of Information Science & Technology, Drexel University, Philadelphia, PA, USA
e-mail: gerry@gerrystahl.net
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and people thought that personal computers in classrooms could help to transform
schooling. Researchers arrived at CSCL from different disciplines and brought with
them their accustomed tools and theories. Education researchers and psychologists
administered surveys and designed controlled experiments, which they then ana-
lyzed statistically to infer changes in mental representations. Computer scientists
and AI researchers built systems and agents. Everyone who put in the required
effort soon discovered that the problem was a lot harder than anyone had imagined.
Progress was made and a research community grew, but existing conceptualizations,
technologies and interventions ultimately proved inadequate. Today, I think, people
are working at developing innovative theories, media, pedagogies and methods of
analysis specifically designed to deal with the issues of CSCL. I feel that we are
now poised just at the brink of workable solutions. Perhaps as editor of the ijCSCL
journal, I have a special view of this, as well as a peculiar sensitivity to the fragility
of these efforts.

Of course, I do not want to give the impression that previous work in CSCL
was not significant. Certainly, the pioneering work of Scardamalia and Bereiter,
for instance, broke crucial new ground—both practical and theoretical—with their
CSILE system for collaborative knowledge building. I want to come back to talk
about that later. Nevertheless, I think that even the successes like those also demon-
strated that the barriers were high and the tools at hand were weak.

Interviewer: What do you think is the #1 barrier to widespread
success of CSCL?

As someone interested in philosophy, I see a problem with how people conceive of
learning—both researchers and the public. The philosophical problem is that people
focus on the individual learner and conceive of learning as the accumulation of fixed
facts. But I think that the evidence is overwhelming that social interaction provides
the foundation upon which the individual self is built, and that knowledge is an
evolving product of interpersonal meaning making. We often cite Vygotsky as the
source of these ideas, but there is a rich philosophical literature that he drew on,
going back to Vico, Hegel, Marx, Gramsci, Mead, Dewey and many others.

There is an “ideology of individualism” prevalent in our society, with negative
consequences for politics, morality, education and thought generally. We need to
recognize that the individual is a product of social factors, such as language, culture,
family and friends. Even our ability to think to ourselves is an internalized form of
our ability to talk with others and of our identity as an inverted image of the other;
the mental is a transformed version of the social. When I learn as an individual, I am
exercising skills that are based on social skills of learning with others: collaborative
learning is the foundation for individual learning, not the other way around.

Standard assumptions about learning are, thus, misleading. Researchers strive
to get at the mental representations of individual subjects—through pre/post tests,
surveys, interviews, think-aloud protocols and utterance codings—that they assume
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are driving learning behaviors. But, in fact, learning behaviors are constructed in real
time through concrete social interaction; to the extent that the learning is reflected
mentally, that is a trace in memory or a retrospective account of what happened
in the world. To foster learning, we need to pay more attention to collaborative
arrangements, social actors and observable interactions.

Interviewer: Then do you feel there is a problem with the very
concept of learning?

Yes, the traditional concepts of learning, teaching and schooling carry too much
baggage from obsolete theories. If we try to situate thought and learning in groups
or communities, then people complain this entails some kind of mystical group
spirit that thinks and learns, in analogy with how they conceive of individual think-
ing and learning as taking place by a little homunculus in the head. That is why
I prefer Bereiter’s approach of talking about knowledge building. Unfortunately,
he was caught up using Popper’s terminology of “third world” objects that belong
neither to the physical nor mental worlds. What he was really talking about—as
he now realizes—was knowledge-embodying artifacts: spoken words, texts, sym-
bols or theories. Artifacts are physical (sounds, inscriptions, visible symbols, carved
monuments), but they are also meaningful. By definition, an artifact is a man-made
thing, so it is a physical body that incorporates a human intention or significance in
its design. Knowledge artifacts belong simultaneously in the physical and meaning
worlds. Through their progressive reification in physical forms, symbols come to
have generalized meanings that seem to transcend the experiential world.

If we now situate knowledge building in groups or communities, we can observe
the construction and evolution of the knowledge in the artifacts that are produced—
in the sentences spoken, sketches drawn and texts inscribed. There is no mystery
here; these are common things whose meanings we can all recognize. They are
so familiar, in fact, that we take them for granted and never wonder how mean-
ings are shared and knowledge is created in group interactions or how it spreads
through communities. When you consider it this way, the strange thing is to think
about learning taking place inside of brains somehow, rather than in the interplay
between linguistic, behavioral and physical artifacts. If one carefully observes sev-
eral students discussing a mathematical issue using terminology they have devel-
oped together, drawings they have shared and arguments they have explained, then
the learning may be quite visible in these inscriptions. One can assume that each
member of the group may go away from the group process with new resources for
engaging in math discourses (either alone or in new groups) in the future.

Interviewer: But can’t students learn by themselves?

Of course, I can also build knowledge by myself, as I am now in typing this text
on my laptop. However, that is because I have discussed these and similar issues
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in groups before. I have had years of practice building ideas, descriptions and
arguments in interaction with others. Even now, in the relative isolation of my study,
I am responding to arguments that others have made to my previous presentations
and am designing the artifact of this text in anticipation of the possible reactions of
its potential audiences. The details and significance of this artifact are ineluctably
situated in the present context of discourse in the CSCL research community and
the scientific world generally. That is why I have chosen a classic dialog genre for
its form, in which my utterances partake in a community discourse.

The idea that thoughts exist primarily inside of individual heads is deeply mis-
guided. The ideology of individualism is accompanied by an objectivistic world-
view. There is an assumption that stored in the minds of individuals are clear
and distinct thoughts (“ideas” or propositions), and that it is the goal of scientific
research to discover these thoughts and to measure how they change through learn-
ing episodes. However, when knowledge is truly constructed in social interactions,
then the thoughts do not exist in advance. What individuals bring to the group is
not so much fixed ideas, already worked out and stored for retrieval as though in a
computer memory, but skills and resources for understandingly contributing to the
joint construction of knowledge artifacts.

Interviewer: What would be the consequences of rejecting
this ideology of individualism?

Given a view of learning as the increased ability to engage in collaborative knowl-
edge building rather than as an individual possession, CSCL researchers may want
to develop new methods to study learning. The old methods assumed that thoughts,
ideas and knowledge lived in the heads of individuals and that researchers should
find ways to access this fixed content. But if knowledge is constructed within situa-
tions of interaction, then (a) there is no ideal (God’s-eye-view, objective) version of
the knowledge that one can seek and (b) the knowledge will take essentially different
forms in different situations. A student’s skills of computation will construct very
different forms of knowledge in an interactive group discourse, a written test, a visit
to buy items in a store, a job adding up customer charges, a laboratory experiment
or an interview with a researcher.

If we conceive of learning as situated in its specific social settings and as a col-
laborative knowledge-building process in which knowledge artifacts are constructed
through interaction among people, then we need to give up the idea that learning can
be adequately studied in settings that are divorced from the kinds of situations in
which we want the learning to be useful. Studying knowledge in laboratories, ques-
tionnaires and interview situations will not necessarily reveal how learning takes
place in social settings like school and work.

To make matters worse, the traditional methods that are brought to CSCL from
other disciplines are often based on theories of causation that arose with the laws of
mechanics in physics, dating back to Galileo and Newton. In order to deal with
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the complexity of nature, early physicists simplified matter into ideal, inelastic
billiard balls whose actions and reactions followed simple equations. We cannot
simplify the complexity and subtlety of human interaction, of interpersonal ges-
ture, of linguistic semantics and of social strategies into equations with a couple
of linear variables without losing what is most important there. Each utterance in
a knowledge-building discourse is so intertwined with the history, dynamics and
future possibilities of its situation as to render it unique—irreducible to some gen-
eral model. In phenomena of a human science like CSCL, researchers must treat
events as unique, situated, over-determined, ambiguous case studies—rather than
as instances of simplistic, deterministic, linear causative general laws—and inter-
pret their meanings with the same sorts of social understanding that the “subjects”
or participants brought to bear in constructing the meanings. Too many research
hypotheses presume a model of knowledge as pre-existing individual opinions caus-
ing group interactions, rather than viewing knowledge as an emergent interactional
achievement of the group interactions—subsequently assimilated and retroactively
accounted for by individuals.

Interviewer: How can you have a rigorous science without laws,
laboratories, equations, models and quantified variables?

Let me give you a recent example that I take as a guide for my own research agenda.
During the past 50 years, a new discipline was created called conversation analysis
(CA). It set out to study informal, everyday conversation and to discover how speak-
ers constructed social order through common, subtle discourse practices that every-
one is familiar with and takes for granted. The pioneers of the field took advantage
of the latest tape-recording technology and developed forms of detailed transcrip-
tion that could capture the details of spoken language, like vocal emphasis, timing
and overlap. Although meaning making takes unique twists in each conversation,
it turned out that there are interesting regularities, typical practices and preferred
choices that researchers can identify as being consequential for face-to-face interac-
tions. For instance, they outlined a set of conventional rules that people follow for
taking turns in conversations.

In CSCL, we are particularly interested in computer-mediated communication,
often among students discussing some subject matter. This is very different in form
and content from informal conversation. First, in a medium like text chat people can-
not take advantage of vocal emphasis, intonation, facial expression, accent, gesture,
pauses or laughter. One does not observe a chat utterance being constructed in time;
it appears as a sudden posting. Consequently, postings can never overlap each other,
cut each other off or fluidly complete each other’s thoughts. Several people can be
typing simultaneously—and they cannot predict the order of appearance of their
postings. So the whole system of turn taking discovered by CA no longer applies in
the same form.

However, chat text has some advantages over speech in that utterances are persis-
tently visible and can be designed with special visual features, such as punctuation,
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capitalization, emoticons and other symbols. People in chat rooms take advantage
of the new affordances for interaction to create their social order. CSCL could study
the methods that small groups use to communicate in the new media that we design.
The understanding of how people interact at this level in various CSCL environ-
ments could inform the design of the technologies as well as influencing the kinds
of educational tasks that we ask students to undertake online in small groups.

CSCL researchers can take advantage of the detailed computer logs that are pos-
sible from chat rooms just as the CA researchers used meticulous transcripts of tape
recordings or videos to study interaction at a micro-analytic level never before pos-
sible. Depending upon one’s research questions, these logs may allow one to finesse
all the issues of videotaping classroom interactions and transcribing their discourse.
Of course, one should not get carried away with hoping that the computer can auto-
mate analysis. The analysis of human interaction will always need human interpre-
tation, and the production of significant insights will require hard analytic work. The
pioneers of CA were masters of both those skills.

Interviewer: Can you give some examples of text chat analysis
that you have conducted?

First, I have to explain that I do not conduct analysis of text chat on my own—as an
individual. I am part of the Virtual Math Teams (VMT) research team that is trying
to build the analog of CA for CSCL. When we analyze some chat log, we hold
a “data session” with about eight people, so that our interpretations of meanings
constructed in the chat have some intersubjective validity. We have been working
on a number of different themes, including how small groups in online text chat:

• Propel their discourse with math proposal bid/uptake pairs,
• Coordinate drawing on a shared whiteboard with chat postings to make deictic

references,
• Design texts and other inscriptions to be read in specific ways,
• Collaboratively construct math artifacts,
• Bridge back to previous discussions with group memory practices,
• Engage in information questioning and
• Resolve differences between multiple perspectives or alternative proposals.

With each of these themes, we have been discovering that it is possible to uncover
regular social practices that recur from group to group, even though most groups
have never used our CSCL system before. In each case, the achievements of the
groups are constructed interactively in the discourse situation, not premeditated or
even conscious. To determine which of these activities the group is engaging in at
any given time requires interpretation of the activity’s meaning. It cannot be deter-
mined by a simple algorithm. For instance, a question mark does not always corre-
spond with an information question; there are many ways of posing a question and
many uses of the question mark in chat.
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Interviewer: Why are you focused so much on text chat?

Actually, I have not always favored chat. My dissertation system was a shared
database of design rationale. Next, I developed a CSCL system to support multi-
ple perspectives in threaded discussion. When I later worked on a European Union
project, I helped design a system that again featured threaded discussion. It was
not until a few years ago that my students convinced me that synchronous chat was
a much more engaging online medium than asynchronous forums. I still think that
asynchronous media like Knowledge Forum or wikis may be appropriate for longer-
term knowledge building in classrooms or communities. But we have found that text
chat can be extremely powerful for problem solving in small groups.

The CSCL research community now has a lot of experience with discussion
forums. Studies have clearly documented the importance of the teacher’s role in
creating a knowledge-building classroom. To just tell students in a traditional class
to post their ideas in a regular threaded discussion system like Blackboard is doomed
to failure: there will be little activity and what gets posted is just individual opinions
and superficial agreements rather than knowledge-building interactions.

Chat is different. Although teenagers are used to superficial socializing using
instant messaging and texting, they can readily be encouraged to participate in sub-
stantive and thoughtful exchanges in text chat. Our studies show that students in our
chat rooms are generally quite engaged in knowledge-building activities.

Group size has an enormous impact on the effectiveness of different media.
Unfortunately, there is not much research on, for instance, math collaboration by
different size groups. Most math education research is still focused on individual
learning. Studies of collaboration in math problem solving tend to use dyads. Dyad
communication is easy to study because it is always clear what (who) a given utter-
ance is responding to. In addition, the two participants often fall into relatively fixed
roles, often with one person solving the problem and the other checking it or asking
for clarifications.

Perhaps one of our most interesting findings is that math problem solving can,
indeed, be accomplished collaboratively. When we started the VMT Project, we had
no idea if the core work of mathematical thinking could be done by a group. The tra-
dition has always pictured an isolated individual deep in silent reflection. Even the
studies of dyads generally found that one student would solve the problem and then
explain the solution to the other. We found that participants in virtual math teams
spontaneously began to explore their problems together, discussing problem formu-
lations, issues, approaches, proposals and solutions as a group. Moreover, students
generally found this interaction highly engaging, stimulating and rewarding.

Small groups of three or four active students chatting become much more com-
plex and interesting than an individual thinking aloud or a dyad answering each
other. The response structure of postings is still critical to interpreting meaning,
but in groups it can become tricky, often leading to interesting confusions on the
part of the participants. Roles still surface, but they are often fluid, disputed and
emergent, as participants try to position themselves and others strategically in the
collaborative-learning dynamic. Here, the construction of knowledge becomes much
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more of a group achievement, resulting from the intricate semantic intertwining of
postings and references rather than being attributable to individuals.

Interviewer: Is that what you mean by your concept of group
cognition?

Exactly! Cognition (thinking) is a semantic process, not necessarily a mental—
silent, in the head—affair. An idea is a knowledge artifact, like a sentence, that
gathers together in a complicated way a network of meanings of words, references,
past events, future possibilities and other elements of the context in which the idea is
situated. In our chat logs, we can see cognition taking place as knowledge artifacts
build up, as words follow upon each other in subtly choreographed sequences to
construct new ideas. The meaning can be seen there regardless of whether the words
appear silently in the inner voice of one person, heard in the authoritative tones of
a speaker, distributed among several interacting voices, in the pages of a book or
even in the inanimate form of a computer log. Plato’s ideas are as meaningful in a
twentieth century edition of his writings as they were in his discourses thousands
of years ago among small groups in the Athens marketplace or in seminars at his
Academy, although the meaning has certainly shifted in the meantime.

The ideology of individualism gives priority to the thoughts of the individual.
However, I believe that the foundational form of knowledge building actually occurs
in small groups. Innovative knowledge building requires the inter-animation of ideas
that were not previously together. A fertile ground for this exists when a couple of
people come together to discuss a common topic. Recent CSCL studies have shown
that it is precisely the friction between disparate perspectives that sparks produc-
tive knowledge building in the collaborative effort to clarify and/or resolve differ-
ence. The kinds of rhetorical and logical argumentation that arise in small-group
discourse dealing with misunderstandings, alternative proposals or disagreements
are then internalized in the reflection skills of individuals and in the controversies
of communities. Thereby, small-group cognition provides the origin for and middle
ground between individual cognition and community knowledge building.

Within the CSCL field and related disciplines, the ideology of individualism
has been countered by a proposed shift in focus to communities-of-practice and
learning communities. In my book, Group Cognition, I try to overcome this opposi-
tion of unreconciled extremes by pointing to the small group as the social unit that
often mediates between individuals and their communities. Consider how groups of
friends in a classroom or teams of colleagues in a workplace mediate the knowledge
building that takes place there.

In the VMT Project, we have found that small-group collaboration is powerful.
It enhances the desired characteristics of intentional learning and knowledge build-
ing. Effective collaborative groups not only produce knowledge artifacts that can be
shared with a broader community, they also check to make sure that each individual
group member understands (and potentially internalizes) the meanings of the group
product. In responding to classroom assignments, small groups answer questions


