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Part I
Introduction

Section Editor: Dan Suthers,
University of Hawai‘i

This book is about a long-term collaborative effort known as the “productive multivo-
cality project” that sought to engage researchers from different analytic traditions (i.e.,
multiple “voices”) in productive dialogue with each other while analyzing shared data
from group interactions in collaborative learning settings. It will be of interest to per-
sons who want to understand and collaborate with colleagues from other traditions, to
students who want to broaden their understanding of theoretical and methodological
traditions available to them and how they might be brought into coordination, and to
researchers who are interested in the particular learning settings and analytic results
found in the five data corpora and associated analyses that make up the body of the
book. Most significantly, the book offers a vision of how fields of study (such as the
learning sciences) that are comprised of diverse traditions can counter tendencies
towards fragmentation and achieve some level of coherence.

This first section of the book introduces the reader to the project on which this
book is based and provides a guide to the book. Chapter 1, “The Productive
Multivocality Project: Origins and Objectives,” introduces the concept of multivo-
cal analysis and why it is needed in the learning sciences, provides a brief historical
account of the collaborations (series of workshops) out of which this work arose,
and previews some of the major lessons learned in the form of problems encoun-
tered and strategies that we found useful for avoiding these problems while engag-
ing analysts from multiple traditions with each other. Chapter 2, “Methodological
Dimensions” details dimensions we used in our project and use throughout the book
for describing different approaches to the analysis of interaction. Finally, Chap. 3,
“A Readers’ Guide to the Productive Multivocality Project,” provides a preview of
the book and a guide to using it as a resource for different purposes (e.g., for
researchers who want to undertake multitradition collaborations themselves or stu-
dents who want to learn about different analytic traditions). Perusal of Chaps. 1 and
3 should enable the reader to make effective use of the rest of the volume.


http://dx.doi.org/10.1007/978-1-4614-8960-3_1
http://dx.doi.org/10.1007/978-1-4614-8960-3_2
http://dx.doi.org/10.1007/978-1-4614-8960-3_3
http://dx.doi.org/10.1007/978-1-4614-8960-3_1
http://dx.doi.org/10.1007/978-1-4614-8960-3_3

Chapter 1
The Productive Multivocality Project: Origins
and Objectives

Daniel D. Suthers

The key idea of this volume is that scientific and practical advances in an area of
study can be obtained if researchers working in multiple traditions—including
traditions that have been assumed to be mutually incompatible—make a concerted
effort to engage in dialogue with each other, comparing and contrasting their under-
standings of a given phenomenon and how these different understandings can either
complement or mutually elaborate each other. Incompatibilities may remain but at
least are reduced to essential and possibly testable differences once the noise of
nonessential differences has been reduced. This key idea potentially applies to
many fields, particularly in the social and behavioral sciences in which no single
tradition has established primacy. The present volume offers case studies and
insights of interest to anyone concerned with understanding the coordinated use
of multiple methods but goes beyond mixed methods to address the coordinated
joint work of diverse methodologists or the discourse within a diverse or “multi-
vocal” discipline.

The researchers involved as editors and authors in the present volume work in
the areas of collaborative learning, technology-enhanced learning, and cooperative
work. We share an interest in understanding group interactions, including interac-
tions mediated by various technologies ranging from paper and pencil to online
environments. We approach this topic from a variety of traditional disciplinary
homes and theoretical and methodological traditions that converge in a “field”
known as computer-supported collaborative learning (CSCL) (Koschmann, Hall,
& Miyake, 2001), the study of how interaction leads to learning with the support of
designed artifacts. CSCL is situated more generally in the learning sciences
(Sawyer, 2006), the interdisciplinary study of human learning and of the design and
implementation of innovations and methods in support of learning and instruction.

D.D. Suthers ()

Department of Information and Computer Sciences, University of Hawai‘i at Manoa,
1680 East West Road, POST 309, Honolulu, HI 96822, USA

e-mail: suthers@hawaii.edu

D.D. Suthers et al. (eds.), Productive Multivocality in the Analysis of Group 3
Interactions, Computer-Supported Collaborative Learning Series 16,
DOI 10.1007/978-1-4614-8960-3_1, © Springer Science+Business Media New York 2013



4 D.D. Suthers

In addition to the methodological project behind the key idea, this volume also
offers research contributions within CSCL and the learning sciences.

The diversity of CSCL is salient to anyone involved in the conference series or
journal that bears this name. The CSCL community is an international community
(Kienle & Wessner, 2000) consisting of researchers, designers, and practitioners
from computer science, education, educational psychology, human—computer inter-
action, and psychology as well as linguistics and other educational, information,
learning, and social sciences (Wessner & Kienle, 2007). Hence numerous theoreti-
cal frameworks and methodological traditions drive work in this community to the
extent that one can question whether it can be called a single field of study.

We take the term multivocal from Bahktin (Bakhtin, 1981; Koschmann, 1999),
who used it to describe the presence of multiple “voices” that can be discerned in
texts. Here the “text” is the collective discourse of those who identify with the
CSCL community and its core values. This multivocality is a strength only to the
extent that there is sufficient commonality to support dialogue between the voices
and reach some degree of coherence in the discourse of CSCL (Suthers, 2006).
The learning sciences and CSCL are too diverse (theoretically and methodologi-
cally) for unification to be possible. Moreover, unification is not at present even
desirable—diversity is our strength in exploring alternate approaches to understand-
ing learning in interaction. However, we would benefit from boundary objects
(Star & Griesemer, 1989) that form the basis for dialogue between theoretical and
methodological traditions applied to the analysis of learning in and through interac-
tion. The question at hand is what constitutes effective boundary objects and how
they may be leveraged.

Motivated by these considerations, the authors of this volume and other col-
leagues collaborated over a period of 5 years through a series of workshops and
online interaction, seeking appropriate boundary objects and strategies for support-
ing productive multivocality between multiple analytic traditions in CSCL. This
collaboration has become known as the “productive multivocality project.” With
this book we offer to colleagues in our own and other fields the insights of our
activities. This chapter provides an overview of the project and summarizes its les-
sons. After a brief history of the project, the chapter summarizes dimensions for
describing analytic approaches (discussed further in Chap. 2, Lund & Suthers,
2014), the composition of our data corpus, and strategies for productive multivocal-
ity (see also Chaps. 32-34: Dyke, Lund, Suthers, & Teplovs, 2014; Lund, Rosé,
Suthers, & Baker, 2014; Rosé & Lund, 2014). Readers interested primarily in an
executive summary of our insights are encouraged to read the present chapter with
Chap. 31 (Suthers, Lund, Rosé, & Teplovs, 2014), which provides a more compre-
hensive post hoc summary of what we have learned. But the accounts in these sum-
mary chapters are given in the abstract: the case studies through which our work
was conducted provide concrete examples. The body of this volume consists of five
sections, each using a case study to investigate specific barriers to multivocal analy-
ses, strategies to overcome these barriers, and benefits that may accrue from lever-
aging theoretical and methodological diversity. These case studies also offer other


http://dx.doi.org/10.1007/978-1-4614-8960-3_2
http://dx.doi.org/10.1007/978-1-4614-8960-3_32
http://dx.doi.org/10.1007/978-1-4614-8960-3_34
http://dx.doi.org/10.1007/978-1-4614-8960-3_31
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potential value to readers beyond the productive multivocality objectives. They
serve as examples to students learning about new methods (see also Chap. 32), pro-
vide examples of how multiple methods may be combined in approaching one’s
own data (complementing volumes such as Tashakkori & Teddle, 2003), and yield
research results that may be of interest to researchers studying the specific settings
and phenomena we analyzed. The reader is referred to Chap. 3 (Suthers, Rosé,
Lund, & Teplovs, 2014) for a guide to selective reading of the rest of the volume
under these various reading objectives. The final section of the book discusses vari-
ous issues encountered and lessons learned, offering implications for research pro-
grams and fields of study. Let us now begin our story.

Origins and Development of the Productive Multivocality
Project

This project received inspiration from and emerged out of various earlier efforts,
including a video analysis workshop at CSCL 2009 (Suthers, Christie, Goldman,
& Hmelo-Silver, 1999), Tim Koschmann’s “data fest” workshops at several CSCL
and Winter Text Conferences, and various workshops and collaborations organized
by Gerry Stahl around the Virtual Math Teams data (culminating in Stahl, 2009).
The present Productive Multivocality project developed through a series of work-
shops at the International Conference on the Learning Sciences (ICLS) in 2008 and
2010, the CSCL conference in 2009, and the STELLAR Alpine Rendez-Vous
(ARV) in 2009 and 2011. An interim report was also presented at a CSCL 2011
symposium (Suthers et al., 2011). Below we describe the motivations for each
workshop and how major lessons learned led to changes in our strategy in each
subsequent workshop. This historical account is relevant because it explains how
our findings are based on what went wrong or was found to be insufficient as well
as what worked.

A Common Framework for CSCL Interaction
Analysis (ICLS 2008)

A premise of our first workshop was that common conceptions, representations, and
tools are needed to support and bridge between multiple theoretical perspectives as
well as to facilitate the application of different analytical methods and tools to com-
plex data sets. Progress in any scientific discipline requires that practitioners share
common objects such as instrumentation, data sources, and analytic methods that
enable researchers to replicate or challenge results. Shared instruments and repre-
sentations mediate the daily work of scientific discourse (e.g., Latour, 1990; Roth,
2003), and advances in other scientific disciplines have been accompanied with


http://dx.doi.org/10.1007/978-1-4614-8960-3_32
http://dx.doi.org/10.1007/978-1-4614-8960-3_3
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representational advances. Similarly, we reasoned that researchers studying learn-
ing in distributed and networked environments need shared ways of conceptualiz-
ing and representing what takes place in these environments to serve as the common
foundation for our scientific and design discourse.

The goal of our first workshop (organized by volume editors Suthers, Law, and
Rosé, with Nathan Dwyer) was to establish requirements for a common conceptual
and representational framework to support collaborative learning process analysis,
by (a) demonstrating our analytic tools to one another in the context of analyses we
had conducted, (b) identifying commonalities among these tools and analyses along
four dimensions, and (c) generating requirements for a common conceptual model
and abstract transcript that might also form the bases for shared analytic software.
The dimensions are as follows:

e Purpose of analysis. What is the analyst trying to find out about interaction?
(In our context, some aspect of learning or meaning-making in interaction is usu-
ally a focus.)

e Units of action, interaction, and analysis. In terms of what fundamental relation-
ships between actions do we conceive of interaction? What is the relationship of
these units to the unit of analysis? The unit of interaction should not be confused
with the unit of action or unit of analysis: units of action (e.g., chat messages or
a discussion postings) are put into relation to each other by units of interaction
(e.g., uptake of others’ contributions) in a manner that constructs a model of
interaction informative for the desired unit of analysis.

* Representations of data and analytic interpretations. What representations of
data and representations of analytic constructs and interpretations capture these
units in a manner consistent with the purposes and theoretical assumptions?
Specifically, what requirements does the analytic method place on the represen-
tation of the original trace of activity? How are units of action interaction repre-
sented in terms of this trace representation (if they are)? What subsequent
interpretations are layered on top of these representations, and how are they in
turn expressed?

* Analytic manipulations taken on those representations. What are the analytic
moves that transform a data representation into successive representations of
interaction and interpretations of this interaction? How do these transformations
lead to insights concerning the purpose of analysis?

These dimensions are described further in Chap. 2. At the workshop, we found
that the dimensions were helpful for characterizing diversity (i.e., they described
ways in which our approaches differed from each other), but we realized that our
multivocality presented challenges in identifying a single common conceptual and
representational framework for analysis. Yet, we felt that we were gaining some
understanding from looking at each other’s analyses. A software “tool fair” also
generated considerable interest, and we noted the need to make our theoretical
assumptions explicit.


http://dx.doi.org/10.1007/978-1-4614-8960-3_2
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Common Objects for Productive Multivocality in Analysis
(CSCL 2009)

In our second workshop (organized by editors Suthers, Law, Lund, Rosé, and
Teplovs), we decided to tackle multivocality head on by having analysts from
different traditions assigned to analyze the same data set, a strategy that many oth-
ers have tried (e.g., Koschmann, 2011). Two corpora were used, from the Virtual
Math Teams (Stahl, 2009) and Knowledge Forum (Scardamalia, 2004) projects.
We continued to use the four dimensions to characterize different analyses and
added the following dimension.

e Theoretical assumptions underlying the analysis. What ontological and episte-
mological assumptions are made about phenomena worth studying, and how can
we come to know about them? (Here we assume that such phenomena broadly
include interaction.)

This dimension was needed to warrant the decisions expressed in the first four
dimensions. Theoretical assumptions permeate the other methodological dimensions.
For example, representations of data embody implicit theoretical commitments
(Ochs, 1979).

As the analyses were presented, we tried to use our dimensions to discover com-
monalities (“common objects”) that can support productive multivocality. We also
sought to determine whether the analytic differences are complementary (potential
sources of richer understanding) or incompatible (potential barriers to a common
discipline). Again, we found that the dimensions highlighted how the analyses dif-
fered rather than their commonalities. Asking ourselves what we did have in com-
mon, we agreed that we shared (a) learning through collaborative interaction as our
topic of study and (b) the desire and willingness to engage in this activity together.
These are key prerequisites for productive multivocality. Although we had hoped
that multiple analyses of shared data corpora would provide a basis for dialogue, the
analyses presented were disconnected in part because the analysts were approaching
these corpora with entirely different questions: they were “talking past” each other.
This observation led to the objective of identifying “pivotal moments” in the next
workshop.

Pinpointing Pivotal Moments in Collaboration (ARV 2009)

Our third workshop (organized by Lund, Law, Rosé, Suthers, and Teplovs) continued
the prior strategy of having researchers from different theoretical and methodologi-
cal traditions analyze shared data corpora. We used a different Knowledge
Forum corpus (the basis of the case study in Chaps. 20-24 of this volume) and a
Japanese primary school mathematics class (Chaps. 4-8 of this volume). As before,


http://dx.doi.org/10.1007/978-1-4614-8960-3_20
http://dx.doi.org/10.1007/978-1-4614-8960-3_24
http://dx.doi.org/10.1007/978-1-4614-8960-3_4
http://dx.doi.org/10.1007/978-1-4614-8960-3_8
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we assigned analysts to data, deliberately pairing up analysts from different
methodological traditions. We also assigned an analyst to data from a setting he did
not normally study (the textual analysis of Bakhtin being applied to multimodal
data) and grappled with the question of how data-hungry quantitative methods can
inform microanalysis. We addressed the prior mismatch in analytic objectives by
asking analysts to identify the pivotal moments in the interactions recorded in the
data. The definition of pivotal moments was purposefully left unspecified, providing
a projective stimulus that drew out different researchers’ assumptions and insights
and led to exciting comparative and integrative discussion.

As expected, analysts differed in their conception and identification of pivotal
moments, but these differences (as well as some congruencies) generated productive
discussion of how learning arises from interaction. In this workshop we first articu-
lated our core strategy for multivocality: assign diverse analysts to shared corpora
and charge them with analytic objectives that are deliberately open to interpretation
(e.g., “pivotal moments”). During this and the prior workshop, our own objectives
shifted: we talked less about sharing the same concepts or representations and more
about boundary objects (such as the corpora and pivotal moments) supporting
dialogue between different traditions. Boundary objects “have different meanings in
different worlds but their structure is common enough to more than one world to
make them recognizable, a means of translation” (Star & Griesemer, 1989, p. 393).
We found that it is useful to align analytic results (e.g., to find overlaps and differences
in pivotal moments identified) and so wanted to explore further how shared analytic
frameworks (e.g., Howley, Mayfield, & Rosé, 2013; Suthers, Dwyer, Medina, &
Vatrapu, 2010) and shared analytic software tools (e.g., Tatiana; Dyke, Lund, &
Girardot, 2009) could serve as or produce appropriate boundary objects.

Productive Multivocality in the Analysis of Collaborative
Learning (ICLS 2010)

In our fourth workshop (organized by Lund, Suthers, Law, Rosé, and Teplovs), we
sought to build on the success of the third workshop, replicating the strategy of hav-
ing deliberately diverse analysts identify pivotal moments in shared corpora. There
were two novelties. First, we brought in new data corpora and new analysts. Corpora
included a Group Scribbles mathematics classroom in Singapore (subsequently
replaced) and university-level chemistry study groups in the USA (Chaps. 9-13 of
this volume). Second, we wanted to revisit the possibility that a shared software tool
and its data and analytic representations would help support more detailed compari-
sons between analyses, by providing all the data and analyses within the common
tool. This latter effort enabled analyses to be shared ahead of the workshop and is
reported in Dyke et al. (2011).

The primary strategy again proved to be productive, surfacing issues and exem-
plifying insights by the case studies. In the chemistry case, analysts discovered that
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they had different conceptions of “leadership,” leading to refinement of this concept
and its analytic manifestations. With the exception of one analyst who emphasized
implicit interaction via nonverbal means, most analysts concluded that there was
not much collaborative learning taking place in the Group Scribbles mathematics
corpus. Although we recognized that educators must deal with failed collaboration
all the time and therefore research could examine these missed opportunities, we
decided that analysts and (subsequently) readers of this volume would not be very
motivated to put time into an “uninteresting” case (in fact, one analyst on this corpus
dropped out of the project). However, many other interesting examples were available
from the Singapore Group Scribbles setting.

Leveraging Researcher Multivocality for Insights
on Collaborative Learning (ARV 2011)

The final formal workshop of this collaboration (organized by editors Rosé, Lund,
Suthers, Law, and Teplovs, with Gregory Dyke) brought in two more data corpora
that are represented in the present volume. At our request, our Singapore colleagues
replaced the mathematics corpus with another Group Scribbles corpus, this one on
learning about electric circuits. This corpus has features not found in the prior
corpora, including use of technology to support face-to-face interaction, use of
physical manipulatives (batteries, wires, and light bulbs), and the multimodality that
results from this combination. It forms the basis of Chaps. 14-19. A final corpus
along with three new analysts was introduced, involving the use of a software agent
in discovery learning of 9th-grade biology (Dyke, Adamson, Howley, & Rosé,
2013). This corpus is unique in two ways: the use of agents in support of collabora-
tive learning and the role that the analyses are playing in iterative design and
improvement of this software environment. It forms the case study of Chaps. 25-30
of the present volume. The end of the 2-day workshop was structured to identify
themes common across the case studies and thus surface practical, methodological,
and theoretical issues and strategies for productive multivocality that are highlighted
in the present volume (especially in Chaps. 31-34).

Subsequent collaborations continued beyond ARV 2011 with numerous indi-
vidual and small group meetings at conferences and each others’ institutions and
resulting in a number of papers (e.g., Chiu & Fujita, 2014; Dyke, Howley, Adamson,
& Rosé, 2012; Dyke, Kumar, Ai, & Rosé, 2012; Dyke et al., 2011; Dyke et al.,
2013; Howley et al., 2013; Jeong, Chen, & Looi, 2011; Medina & Suthers, 2013;
Oshima, Matsuzawa, Oshima, Chan, & van Aalst, 2012; Oshima, Oshima, &
Matsuzawa, 2012; Oshima, Oshima, Matsuzawa, van Aalst, & Chan, 2011; Reynolds &
Chiu, 2012; Schwarz et al., 2010; Suthers et al., 2011; Wise & Chiu, 2011a, 2011Db).
The remainder of the chapter discusses the diversity of our data and methods
and summarizes issues and strategies that will be revisited throughout the book and
discussed further in Chap. 31 onwards.
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The Corpora and Analytic Traditions

In selecting the data corpora (case studies) and analysts for this project, we were
cognizant of the need to bring multiple theoretical and methodological traditions to
bear on a diversity of interactional settings. Diversity of data and traditions helps
ensure that we encounter the range of issues present in a multivocal research com-
munity and helps make a more convincing case for the generality of our conclu-
sions. Of course, we also worked within the constraints of the available data and
analysts and had to consider the motivations of our project participants.

Data Corpora for Case Studies

Data corpora for case studies were subject to two individual criteria (i.e., criteria
that are applied independently of what other data corpora were under consider-
ation): the data must have the potential to show learning through interaction, and
must be compelling as evidenced by the desire and willingness of multiple analysts
to spend time analyzing that data. The corpus was also subject to collective criteria
of achieving diversity, deliberately sampling various interactional and learning set-
tings of interest. We wanted to achieve diversity of age levels, diversity of settings
(formal and informal learning in schools, workplaces, and elsewhere), diversity of
interactional media (face-to-face, synchronous, and asynchronous computer-
mediated communication), and diversity of domains or topics of study.

In the end, we were able to obtain and perform multiple analyses of the corpora
shown in Table 1.1, listed by domain, population and setting, and interactional
media. As one can see from Table 1.1, we were successful in obtaining various
topics, age groups, and interactional media within formal educational settings.

Table 1.1 Summary of data corpora

Age and institutional

Chapters Topic setting Interactional setting and media

4-8 Mathematics 6th-grade Japanese Face to face with origami paper and
classroom blackboard

9-13 Chemistry ~ Undergraduate peer-led Face to face with paper and whiteboard
team learning

14-19 Electricity ~ Primary school in Primarily face to face with circuit components
Singapore and Group Scribbles software

20-24 Education Graduate level in Asynchronous discussions in Knowledge
Toronto Forum

25-30 Biology Secondary school in Mixed face to face and online with concert
Pittsburgh chat and conversational agents in support

of collaborative learning
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The emphasis is on science and mathematics, and we are missing case studies in
informal settings or workplaces.

Analytic Traditions

A project on productive multivocality requires sufficient diversity of theoretical and
methodological traditions. There is a “sampling bias” in this project in that the tradi-
tions represented are those brought by persons who were willing to commit the
effort to either share their data or analyze others’ data and participate in the work-
shops. The persons we were able to recruit use methods as diverse as various forms
of content analysis, conversation analysis, polyphonic analysis, semiotic and multi-
modal analysis, social network analysis, statistical discourse analysis, computa-
tional linguistics, and uptake analysis. Theoretical traditions include cognitivism,
constructivism, dialogism, ethnomethodology, group cognition or intersubjective
meaning-making, knowledge building, progressive inquiry, semiotics, and systemic
functional linguistics.

Reflecting on the corpora and traditions represented, there are clearly gaps.
We particularly would have liked to include data from outside of formal schooling,
such as a workplace setting, and in conjunction with this to have included sociocul-
tural traditions of analysis (attempts were made to recruit relevant data and partici-
pants but were unsuccessful). Also, our case studies are biased towards small group
interaction and hence microanalysis rather than large-scale networks of learners.
Yet, we believe that we have sufficient diversity to have encountered and grappled
with major issues in achieving productive multivocality in the analysis of interac-
tion. Our attempts to bring the analytic traditions listed above into conversation with
respect to the various corpora encountered difficulties that we overcame with the
strategies discussed in the next section.

Issues and Strategies for Productive Multivocality

As suggested in the preceding account of the historical development of the project,
our series of workshops was an iterative process in which we refined our shared
objectives, encountered issues and problems, and developed strategies for meeting
these objectives. Our objectives shifted from one of identifying common representa-
tions and practices that would enable the specification of requirements for shared
data and tools to one of enabling productive dialogue between multiple traditions
through whatever boundary objects served this purpose. Following is a preview of
some of the strategies we developed for making our dialogue productive. These
strategies, along with the issues they are intended to address, are discussed in greater
detail in Part VII of this volume, with a summary in Chap. 31 and more detailed
discussion of methods for achieving productive multivocality in Chaps. 32-34.
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Use Standards, Metadata, and Repositories to Share
Data and Tools

There is a great redundancy in the software efforts behind analysis. Many research
groups develop their own tools, and there are technical barriers to applying these
tools to data gathered in multiple settings. The first workshop began with the objec-
tive of developing standards that would enable a suite of software tools developed
at different labs to interoperate on common data and analytic representations. These
solutions have been the focus of a number of other efforts. For example, Harrer,
Monés, and Dimitracopoulou (2009) have developed standards for representing
data and analyses, and Reffay, Betbeder, and Chanier (2012) have proposed stan-
dards for a data repository. Ontologies have long been a focus in the Artificial
Intelligence and Education community (e.g., Mizoguchi, Ikeda, & Sinista, 1997).

Our project did not culminate in the development or the adoption of standards
across the project, but methods of sharing data and tools were critical to each case
study. An exception was that the Tatiana analytic tool (Dyke et al., 2009) served a
useful role as a common tool in several of the case studies. Tatiana provided a
medium within which to share synchronized replayable data traces (e.g., video,
transcripts, and log files) and to construct analytic representations (e.g., coded
segments) on top of these traces that are also synchronized with them. The case
studies in Part II (Case Study 1, Fractions), Part IV (Case Study 3, Electric Circuits),
and Part VI (Case Study 5) in particular made use of Tatiana for sharing data and/or
comparing analytic results.

Technical solutions that enable researchers in different settings to reuse the soft-
ware developed and data gathered elsewhere are useful but not sufficient: to bring
multiple traditions into productive dialogue they must share an object of study.

Analyze the Same Data

An obvious and well-known strategy for engaging researchers in dialogue is to have
them analyze the same data and discuss their results so that different perspectives on
and results obtained concerning the same object of study may be compared. This strat-
egy has been found to be useful within single traditions. For example, in quantitative
content coding multiple coders are used to achieve reliability, and similarly collabora-
tive interaction analysis reaches a richer understanding of interaction through group
review of video data (Jordan & Henderson, 1995). Work within education and CSCL
has taken this strategy: recent examples are Koschmann (2011) and Stahl (2009).

This strategy was introduced in our second workshop and continued throughout
the project. Some of the multivocal dialogue that takes place actually precedes the
analysis of the data, as participants need to agree on what data is worth considering
and how it should be selected and represented. Data selection and preparation will
expose assumptions. We found that this strategy can productively be augmented
with an auxiliary strategy of a shared analytic objective, considered shortly.
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Pair Up Diverse Traditions

If the analysts assigned to a data corpus work in similar theoretical or methodological
traditions, it will be easier for them to talk to each other. They will share basic
assumptions and will be able to focus on the nuances of their results and fine-tune
their analytic practice. Such work is valuable but does not address the objective of
fostering dialogue between representatives of theoretically and methodologically
diverse communities who are working within a given area of study (such as learning
through social interaction).

We have found that it is useful to pair up analysts from quite distinct traditions.
This approach surfaces otherwise implicit assumptions concerning what data is
suitable for study and what questions are worth asking, and once these questions
are resolved (and with the application of a strategy described below), comparisons
of results can lead to productive dialogue concerning analytic concepts and results.
For example, in Part II (Case Study 1), analysts from three traditions compared the
points of interaction that they considered to be the most significant, finding agree-
ment on some but non-overlap on others. This discrepancy led one analyst to
reconsider how he was defining these “pivotal moments.” In Part III (Case Study
2), the concept of “leadership” was refined through juxtaposition of linguistic and
conceptual coding methods. In Part VI (Case Study 5), analysts from several tra-
ditions problematized a core design assumption behind the data provider’s
software.

Push Methods Outside of Their Comfort Zone

The next strategy is related to (and perhaps inevitable given) the strategy of pairing
up diverse analytic traditions, as in any deliberately diverse pair one analyst may
feel closer to the data than the other. We found it useful to give an analyst data that
is not of the type they normally analyze. This of course must be done with care, as
too great of a mismatch would not be productive. The objective from a research
community perspective is not merely to challenge individual researchers but rather
to explore how analytic traditions might be applicable beyond the scope of data to
which they have been usually applied. The benefits for the community are that ana-
Iytic traditions are brought out of their isolation, coming into contact with each
other, and also we discover unanticipated ways in which they might contribute to
understanding new phenomena.

In our project, a clear example of the success of this strategy was when we asked
an analyst who had been doing conversation analysis of texts (written conversation)
informed by Bahktin to analyze video data that included gestures and manipulation
of paper and blackboard diagrams (see Part II, Case Study 1). A potential issue is
whether the analytic method is also pushed outside of its zone of validity. For exam-
ple, in the same case study a statistical breakpoint analysis was applied to a sample
that might be considered too small for this method. Yet the exercise has utility as
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long as it is understood that a different scientific game is being played: rather than
generalizing to a population from a sample, statistical analysis was used to expose
features of the data that other analysts might consider from their standpoints.

Address a Shared Analytic Objective

As we found in our second workshop, it is not sufficient to have diverse analysts
take on the same data. There is no guarantee that their analyses (or even how they
construe the object of study) will be comparable, and given that they come from
different traditions they are likely to “talk past” each other. Identification of this
problem led to our most crucial strategy: to request analysts to approach the data
with a shared analytic objective so that the different analyses can be compared and
hence the traditions brought into dialogue with respect to these traditions. In our
case, we asked analysts to identify the “pivotal moments” of the interaction found
in the data: What events were most crucial for the collaboration?

The concept of a “pivotal moment” is deliberately vague. Vagueness can be under-
stood as advantageous if we consider the concept of a “shared analytic objective” with
respect to the objectives of our project. We cannot ask analysts to address the same
research question at the usual level of specificity found within a given analytic tradi-
tion, because a research question that is well specified within one tradition may not be
interesting to or make sense within another tradition or may even violate its assump-
tions. We need to offer analytic objectives that are interpretable by each tradition
involved so that they can be brought into dialogue with each other around this object.
An analytic objective that only makes sense within one tradition is not “shared.” An
analytic objective that is sharable across traditions acts as a boundary object (Star &
Griesemer, 1989)—one that is interpretable by all traditions involved, perhaps differ-
ently, but this is what makes the exercise interesting! In a sense, vagueness is a great
advantage. To draw an analogy in which analytic traditions are psychodynamic
persons, the objective of finding pivotal moments serves as a “projective stimulus” in
which each tradition sees, or upon which it projects, what is important in the given
data. This strategy is exemplified well in Part II (Case Study 1).

Eliminate Gratuitous Differences in Data Considered

In some cases, we found that analysts came to different conclusions merely because
they looked at different aspects of the data. This was the case in our first Group
Scribbles study, discussed in Chap. 19, in which it was found that analysts differed on
whether they analyzed private (as well as public) activity and whether verbal acts,
nonverbal acts, and the states of artifacts that resulted were considered. Once gratu-
itous differences are eliminated, the differences in results and interpretations that
remain are more likely to be essential to the dialogue needed between traditions.
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An issue discussed previously arises again: analytic traditions may differ in
the data considered because they differ in what is considered relevant or in the
“amount” of data needed to meet validity requirements for the tradition (e.g., infer-
ential statistics vs. conversation analysis). This problem has been dealt within the
author’s laboratory through an overlapping technique: a focal session is chosen for
microanalysis, but analysts who have larger data requirements (e.g., to study role
development or relationship formation over time) analyze the data they require and
report the implications of the results for understanding the results of session
microanalysis.

Align Analytic Representations

Having eliminated (to the extent possible) gratuitous differences in the scope of data
considered, we have found that it is extremely helpful to represent analytic results
in some form that can be brought into alignment with each other for comparison.
The most obvious basis for such an alignment is time: different interpretations of
the same sequence of events are given a visual representation along a common time-
line. Such representations highlight congruences and discrepancies and serve as
excellent prompts and resources for conversation between analysts. Chapter 33
discusses the role of representations and tools for achieving productive multivocal-
ity in greater detail.

Iterate

The above strategies imply that iteration is required. For example, even if analysts
have agreed on a data corpus and a shared analytic objective, in the first meeting
they may discover that they have examined different aspects or scopes of the data.
Inconsequential differences should be eliminated and the analyses repeated to focus
on essential (e.g., conceptual and epistemological) differences and convergences.

Step Back from Methods

None of the above strategies will help if participants remain within their method-
ological boxes. Ultimately we want to bring theoretical ideas into dialogue, but this
can be prevented if the methods in which one is trained are taken as fundamental to
how the phenomenon is viewed. The researchers who will be most successful in
achieving productive multivocality in a community are those who can take off their
methodological eyeglasses and dialogue about methods as object-constituting,
evidence-producing, and argument-sustaining tools. This dialogue requires careful


http://dx.doi.org/10.1007/978-1-4614-8960-3_33

16 D.D. Suthers

consideration of what methods as inscriptions and means of operating on inscriptions
bring with them intrinsically as well as what teleological and theoretical commit-
ments are made in the practices of applying these tools to a domain.

Conclusions

Sharing analyses has benefits both for the individual analysts and the community.
Analysts are confronted with aspects of the data highlighted by others that they
might not have themselves considered; epistemological assumptions are challenged;
analytic concepts are fine-tuned; and a multidimensional understanding of the phe-
nomenon being investigated and analytic constructs used to approach it is gained.
The process leads to greater dialogue and mutual understanding in our community.
Yet, these benefits do not accrue merely by putting analysts together in the same
room or even by having them analyze the same data. Productive multivocality is
facilitated by strategies such as eliminating gratuitous differences in the scope and
representation of data considered and deliberately pairing diverse analysts charged
with a common yet flexible analytic objective.

The collaboration constituting this project is, we believe, unprecedented and sig-
nificant in our field. Many volumes result from one-shot workshops, but sustained
collaboration over a period of years is rare, particularly in the face of academic
incentive structures that provide greater rewards to solo efforts and self-promotion.
The researchers we worked with on this project are large in number and represent
diverse disciplines and analytic traditions, yet all shared a commitment to the proj-
ect and were congenial colleagues to work with. This volume is a testament to their
dedication to finding ways to bring the individual and collective needs of research
in CSCL and the learning sciences into congruence with each other.
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Chapter 2
Methodological Dimensions

Kristine Lund and Daniel D. Suthers

The Productive Multivocality Project brought together analysts from different
theoretical and methodological traditions to learn whether and how our approaches
can complement each other and where essential differences lie. As a conceptual aid,
we developed a set of five dimensions along which to describe analytic methods.
This chapter discusses these dimensions, which are then used throughout this volume
to briefly characterize the various analytic methods when introducing them in the
case studies and also as a conceptual tool in our summary discussions of the project.
The dimensions essentially take a distributed cognition view on analysis, by describing
how analyses are achieved through transformations of representations in a system of
analysts and analytic representations (Hutchins, 1995). Briefly stated, the dimen-
sions as they were introduced in Chap. 1 of this volume are as follows:

1. Theoretical assumptions: What ontological and epistemological assumptions are
made about phenomena worth studying, and how can we come to know about
them?

2. Purpose of analysis: What is the analyst trying to find out about interaction?

3. Units of action, interaction, and analysis: In terms of what fundamental relation-
ships between actions do we conceive of interaction? What is the relationship of
these units to the unit of analysis?

4. Representations: What representations of data and representations of analytic
constructs and interpretations capture these units in a manner consistent with
the purposes and theoretical assumptions?
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5. Analytic manipulations: What are the analytic moves that transform a data
representation into successive representations of interaction and interpretations
of this interaction? How do these transformations lead to insights concerning the
purpose of analysis?

The dimensions taken as a whole are methodological in the sense that they aid us
in our study (ology) of methods, and as such they invite consideration of how theory
and method are linked and influence each other. Exploring the relations between
theory and method in studies of group interaction is a central theme of this volume.
Below we consider methodological issues associated with each of the above dimen-
sions in turn.

Theoretical Assumptions

What ontological and epistemological assumptions are made about phenomena
worth studying, and how can we come to know about them?

Researchers carry out their work within a particular paradigm, although they
might not explicitly articulate this. Some researchers may not critically examine
their ontological stance (what is the nature of reality?) or their epistemological
stance (how can we come to know about the nature of reality?) in relation to their
methods, but whether implicit or explicit, these stances make a difference in how
one carries out research (Guba & Lincoln, 1982; Tuli, 2011). For example, whether
one believes that reality exists independent of ourselves and that existing laws can
be discovered (i.e., positivism) or whether one believes that reality is socially
constructed and therefore subjective (e.g., social constructionism) has implications
for acceptable methods of evaluating claims. Yet, often young researchers are taught
methods without ever being asked to consider the underlying ontological or episte-
mological issues, and experienced researchers may not consider these issues.
Bryman (2007) notes that some researchers—especially those employing mixed
methods (e.g., both quantitative and qualitative)—avoid the ontological divide by
labeling themselves as “pragmatists” (e.g., Johnson & Onwuegbuzie, 2004) and
thinking of their research in terms of what can be done with outcomes instead of
attempting to resolve a millennia old philosophical dilemma (see also Onwuegbuzie
& Leech, 2005). Finally, some authors argue (e.g., Guba & Lincoln, 1982; Johnson
& Onwuegbuzie, 2004) that both qualitative and quantitative methods may be used
appropriately with any research paradigm. According to Guba and Lincoln, the
debate should take place in relation to the implications of assumptions inherent in
the overarching paradigms and not on the relative utility of qualitative versus quan-
titative methods.

Since we agree with Guba and Lincoln, let’s take a closer look at the implications of
epistemological assumptions, which concern the relationship between the knower or
would-be knower and what can be known. The answer to the ontological question
constrains the answer to the epistemological one (Guba & Lincoln, 1994). For
example, if there is a reality “out there,” independent of our observing it, then our
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posture is one of objective observation. And conversely, if we claim objectivity, then
we are implying that a “real” world exists about which we can be objective. Indeed,
questions of method are secondary to and dependent upon questions of paradigm, the
latter being the belief system or world view (based on ontological and epistemological
positions) that guides the investigator in choices of method (Guba & Lincoln, 1994).

In the setting of this project, we expected that everyone would include “interaction”
among the phenomena worth studying and possibly some version of “learning.”
Rather than simply naming phenomena, it is more illuminating to identify what the
method assumes about the forms interaction and learning take and the aspects of phe-
nomena worth attending to. In what follows, we use learning as an example. How is it
defined? What exactly about learning is being focused on? Researchers conceptualize
group interaction and learning in different ways, depending on the researcher’s
framework (Greeno, Collins, & Resnick, 1996; Suthers, 2006).

One definition of learning might be the permanent modification, due to interactions
with the environment, of the disposition of an individual to carry out a behavior or
perform a mental activity (Le Ny & Sabah, 2002). Within the behaviorist view of
this definition, an example is operant conditioning, in which a learner changes
behavior that operates upon the environment in order to maximize rewards and min-
imize punishment. Psychology as the behaviorist views it is a purely objective
experimental branch of natural science (Watson, 1913) and is therefore aligned
with the positivist ontological stance. The cognitivist view of this definition of
learning—Ilike behaviorism—understands learning as resulting from experience
within a stable, objective world, but instead of focusing on direct contingencies
between stimuli and responses, it uses models of mental processes to mediate the
stimulus—response relationship (Kirschner & Whitson, 1997). In either case, these
theoretical orientations lead naturally to methods that quantify relationships between
environmental stimuli or conditions and measurable aspects of behaviors on rela-
tively moderate time scales.

Alternative views of learning still consider the individual as the agent of learning
but attempt to apprehend learning in the context of social interaction, with other
individuals, groups, or communities. The Vygotskian approach radically reoriented
learning theory from an individualistic to a sociocultural perspective, but social can
refer to both an interaction between two people (e.g., adult—child) or to wider inter-
actions within culturally defined structures (Kozulin, 2003). Each psychological
function that is to be learned is seen as appearing twice during development, once
in the form of interaction with others and a second time as an inner internalized
form of this function (Vygotsky, 1978). In a similar socially oriented view, Tomasello
(1999) argues that human cultural learning is possible because as individuals, we
have the ability to understand others as beings like us, who have intentional and
mental lives like our own. In order to socially learn the conventional use of a tool or
a symbol, children must understand why (to what end?) someone else uses that tool:
What is its intentional significance? These sociocultural views on learning do not fit
into the positivistic stance, long the dominant view in science. Tongue in cheek,
Kozulin (op. cit.: 435) notes the difficulties for Vygotsky: his “samples are small,
data are unclear and/or ambiguous, advanced statistics are absent, and it is not clear
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how he controlled the independent variables.” But since we can safely infer that
these are not measures for success in Vygotsky’s ontological and epistemological
view, it doesn’t matter. From Tomasello’s (1999) evolutionary perspective, much
can be accomplished culturally in a quarter of a million years, and young children
have countless learning experiences by actively engaging with their cultural envi-
ronments over the course of several years, days, or even hours. As Tomasello’s goal
is to explain the universal features of what is unique to human cognition (e.g., the
creation and use of material, symbolic, and institutional artifacts with accumulated
histories) but also the particularities of specific cultures, he focuses in “Vygotskian
fashion” (p. 10) on the kinds of evolutionary, historical, and ontogenetic processes
that might have transformed the fundamental skills shared with primates (e.g.,
perception, memory, attention, categorization) into what is specific about human
cognition. Thus, these theoretical perspectives lead to methods that examine a
much broader range of time scales and relevant objects (e.g., the role of cultural
histories and artifacts).

But what if we want to talk about the group of the agent of learning instead of
individual learning as influenced by external social or cultural influences? Stahl
(2010) argues that there are distinct phenomena and processes at the individual,
small-group, and community levels, and analyses at each level reveal different
insights. He gives an alternative to (1) theories with a psychological view of mental
processes at the individual level but that still acknowledge social and cultural influ-
ences and (2) theories at the community level (e.g., Engestrom, 1999; Lave &
Wenger, 1991; Suchman, 1987). Stahl (2006) introduced the term group cognition
to refer to processes at the small-group level that are neither reducible to processes
of individual minds nor imply the existence of a group mind. They are processes
like “interpersonal trains of thought, shared understandings of diagrams, joint prob-
lem conceptualizations, common references, coordination of problem-solving
efforts, planning, deducing, designing, describing, problem solving, explaining,
defining, generalizing, representing, remembering and reflecting as a group” (Stahl
2010, p. 35). Suthers (2006) prefers to dispense with the cognitive metaphor, calling
processes at this level of agency intersubjective meaning-making and points out that
these processes involve compositions of interpretations of aspects of prior contribu-
tions that are taken up by participants. Intersubjective meaning-making is similar to
distributed cognition (Hutchins, 1995), but the focus is on interpretations of mean-
ing that have generative power rather than transformations of representations that
implement a computation in a socio-technical system. Methodological conse-
quences of this theoretical conception of learning include the need foreground the
interactional processes by which groups accomplish learning and to derive explana-
tory accounts from these actual processes (Koschmann, Stahl, & Zemel, 2004;
Koschmann et al., 2005).

Although we did not originally mean for the theoretical assumption dimension to
also include methodological assumptions, such assumptions could well fall under
this dimension if stated in epistemological terms (how we come to know about the
phenomenon of interest). For example, ethnomethodology (Garfinkel, 1967) and
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arguably to a lesser extent conversation analysis (Goodwin & Heritage, 1990) are
based on the theoretical assumption (if we may attempt a brief gloss of Garfinkel’s
complex prose) that no sociological entities (norms, rules, etc.) external to actual
instances of behavior are needed to explain the organized nature of that behavior, as
this ordered nature is accomplished by the very methods that participants use to
make their behavior organized for and to themselves. Therefore, the constructs used
to describe participants, action, and context must be used by or at least recognizable
in the orientations of the participants themselves. This stance has radically emic
implications for researchers’ methods. For example, it excludes hypothesis testing,
application of coding schemes, or generalization beyond the situated accomplish-
ment of the participants. Even interviewing informants, normally considered appro-
priate for emic anthropological research, is excluded, as the methods by which
participants organize their interview behavior are not the same as their methods
of participation in their culture (Goodwin & Heritage, 1990). Essentially, ethno-
methodological inquiry is a process of uncovering participants’ analysis of their
own behavior.

Another example of a methodological assumption, but this time stemming from
a positivistic paradigm, is the idea that only experimental inquiries allow you to
determine whether a treatment causes an outcome to change (Light, Singer, &
Willet, 1990; cited by Maxwell, 2004). Maxwell explains that this view of causality
stems from Hume, who argues that we cannot directly perceive causal relationships,
and thus, we can have no knowledge of causality beyond the observed regularities
in associations of events (Maxwell, op. cit.: 244). Holding this assumption about
causality implies that causal inferences require a systematic comparison of situa-
tions in which the presumed causal factor is present or absent (or perhaps varies in
strength) as well as being able to control for other possible explanatory factors. On
the other hand, realism (as opposed to positivism and some aspects of constructiv-
ism) gives an alternative view of causal explanation that sees “causation as funda-
mentally a matter of processes and mechanisms rather than observed regularities”
(Maxwell, op. cit.: 246). Maxwell goes on to explain that realism asserts that some
causal processes can indeed be directly observed (contrary to what Hume argued),
that context is intrinsically involved in causal processes (and is not just reduced to a
set of extraneous variables), that mental events and processes are real phenomena
that can be causes of behavior, and that causal explanation does not inherently
depend on preestablished comparisons.

These examples all illustrate how methodological assumptions depend upon
overarching ontological and epistemological viewpoints. Assumptions about the
nature of reality, about context, language, or knowledge, collectively constitute a
mechanism for investigation that produces or reflects interpretations framed in its
own terms and not neutral descriptions and explanations (Yanchar & Williams,
2006). In the following sections, we show how the other methodological dimensions
also depend on ontological, epistemological, and their associated methodological
assumptions. They are purpose of analysis, units of interaction, representations, and
analytic manipulations.
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Purpose of Analysis

What is the analyst trying to find out about interaction?

Some example purposes of analysis were already stated in the theoretical
assumptions section. The reader will recall that Tomasello’s far-reaching goal is to
explain the universal features of what is unique to human cognition, but he attempts
to accomplish this through the study of how intentional tool use is socially learned.
A major goal for Vygotsky (Kozulin, 2003: 436) was to draw a developmental path
of a given phenomenon (e.g., mediated memory, scientific concepts). To achieve
this goal, he carefully investigated the developmental phases of the phenomenon in
question in every study. Vygotsky’s objective of studying “not only the final effect of
the operation, but its specific psychological structure” led to the method of double
stimulation, in which secondary stimuli are offered that the learner can incorporate
as auxiliary means to problem solving (Vygotsky, 1978). Some other examples of
purposes of analysis within computer-supported collaborative learning, expressed at
different levels of granularity, are (1) descriptively characterizing the phenomenon
by making interaction apparent; (2) finding causal relationships between variables,
e.g., how to link process quality and knowledge construction; (3) design-oriented
purposes, such as how to mediate and transform learning and teaching with technol-
ogy; (4) practice-oriented purposes, such as how to support instructors; (5) seeking
metrics to use in other research or applications, such as how to measure the quality of
collaboration; and (6) methodological purposes, such as how to define the process
of interaction analysis (derived from Lund, 2011).

For understanding specific analytic methods, it is more informative to consider
“near” purposes (e.g., “the recognition of inter-animation patterns among voices,”
to take an example from Trausan-Matu, this volume) rather than ultimate “far”
purposes (e.g., to understand how learning takes place in small groups). Thus we
will generally characterize analyses in terms of near purposes. Of course, the con-
nection to the larger purpose can be made as well (e.g., stating how understanding
interanimation of voices might bear upon understanding learning in small groups).
This dimension serves as a nice bridge between what has been foregrounded under
theoretical assumptions to what relationships the analysis will actually attend to.

Units of Action, Interaction, and Analysis

In terms of what fundamental relationships between actions do we conceive of
interaction? What is the relationship of these units to the unit of analysis?

Originally, this dimension was called simply “Unit of Interaction,” as the relational
structure that makes an analysis an analysis of interaction (rather than some other kind
of analysis) is important for understanding our methods. However, over the course
of the project, we found that (1) unit of interaction is easily confused with unit of obser-
vation, action, or analysis and that (2) it is informative to identify these other units as
well as the unit of interaction. Therefore we discuss all of these units explicitly.
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In some paradigms, the unit of observation is the smallest entity for which data
is gathered. For example, the unit of observation may be student’s response to a
single question in a student-test administration (and there are many students and
several tests). In conversation analysis, the units over which we work can be below
the utterance level. The unit of observation is the smallest data available to be coded,
quantified, or interpreted.

But often the unit of observation is at a finer grain than the unit you are interested
in making a claim about. For example, you might be making observations at the
individual student level, but you are interested in comparing performance of
students who work with an intelligent tutoring system versus performance of those
using a textbook. Your analysis would aggregate students across these two groups,
and the groups become your units of analysis. Unit of analysis is relative to the
analysis: different analyses can take the same data and operate with different units
of analysis. Hierarchical analysis explicitly works with multiple nested units.

Interaction is infer-action: something between actions. There are more than just
two actions; there is also some kind of relationship between them. We therefore
assumed that any analysis of interaction would work with a relationship between
actions as one of its fundamental units. The way one characterizes interaction is a
crucial difference between methods.

We asked the analysts in this book to include the unit of observation and other
units of analysis in their description, but we requested that their description of unit
of interaction clearly state what relationships between actions are taken as funda-
mental to the analysis. If interaction is related sets of actions, then the analyst should
specify what that relation is and whether units of action are logically prior to the
interaction or can only arise after identifying the unit of interaction. For some meth-
ods the unit of interaction may be obvious as it is very explicit in the method, such
as in polyphony (Trausan-Matu, Chap. 6, this volume), uptake analysis (Looi, Song,
Wen, & Chen, Chap. 15, this volume; Medina, Chap. 16, this volume), or relevan-
cies between adjacency pairs (Stahl, this volume). For others it may require more
thought, for example, while a statistical breakpoint analysis in statistical discourse
analysis (Chiu, 2008; Chap. 7, Chiu, this volume-a) does not explicitly ask about
relationships between individual acts, it seeks to group acts by discontinuities in
variables between sets of acts within two contiguous time spans. As it turned out,
some analyses, such as Jeong (Chap. 18, Jeong, this volume), did not work with an
explicit relationship of interaction.

Inclusion of this dimension was partly influenced by conversation analysis. CA
was developed in order to analyze “practices of reasoning and inference that inform
the production and recognition of intelligible courses of action. Central to the
achievement of this objective has been the development of a theory of context that
links processes of interpretation to action within a reflexive, time-bound process”
(Goodwin & Heritage, 1990). Contrary to former linguistic approaches that worked
on isolated or invented sentences, CA sought to treat the stream of speech actually
uttered by a speaker in conversation as forms of action that were situated within
specific contexts. The analysis of any utterance should therefore begin from the
action (talk or other forms of action) and other aspects of the setting that it emerges
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from. In CA, the emblematic notion of the unit of interaction is the “adjacency pair”
(e.g., such as question—response or greeting—greeting), developed by Sacks and
Schegloff (Sacks & Schegloff, 1979; Schegloff & Sacks, 1973) where a current
action requires the production of a reciprocal action at the first possible opportunity
(Goodwin & Heritage, 1990). When a reciprocal action does not occur, participants
(and hence CA analysts) attempt to understand why this was the case. This particu-
lar definition of the unit of interaction is supported by an ontological assumption,
namely, that such adjacency pairs are not a description of statistical regularities in
patterns of action nor are they a specification of some internalized rule that drives
behavior. Rather, they illustrate how participants constrain one another and analyze
each other’s actions in order to produce the appropriate reciprocal action and
develop coherent interactional sequences (Goodwin & Heritage, op. cit). However,
in this volume we intend “unit of interaction” to allow for other ontological assump-
tions and also to extend to nonconversational media. Although CA originally
focused on audiotaped and transcribed talk, it later extended the notion of action and
reciprocal action to include multimodality (e.g., gestures, gaze, posture, and coordi-
nation of technological artifacts), as is particularly evident in the work of Goodwin
(2000, 2003). In the CSCL context, Suthers and colleagues have been inspired by
ethnomethodology and conversation analysis in order to also argue that not only the
meanings of utterances are contextual and negotiated in order to support action, but
also the same is true for nonlinguistic representations that support action (Suthers,
Dwyer, Medina, & Vatrapu, 2010; Suthers, Dwyer, Vatrapu, & Medina, 2006).
They use the term “uptake” instead of “adjacency pair” as a generalized building
block of interaction that can be constructed of relations between nonadjacent events
and found in diverse media.

Representations

What representations of data and representations of analytic constructs and
interpretations are used to capture these units in a manner consistent with the pur-
poses and theoretical assumptions?

Analyses of interaction (as undertaken by researchers rather than ethnomethod-
ological participants) almost always include the construction of representations of
the interaction—the “data” record such as a video or audio recording and practices
of constructing and interpreting successive analytic representations, sometimes
beginning with a “transcript” and possibly including representations of segments
(units of analysis), annotations, codes, links, aggregations of units or of metrics,
summaries, etc. Thus, analysis can be characterized in part by what representations
are constructed.

The ability to create and manipulate visual representations is a cognitive skill
that scientists acquire as they become accomplished participants in the methods that
define a particular domain. Gooding (2010) argues that the important feature of a
representation is its plasticity and integrative power, enabling its adaptation to the
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changing social and cognitive demands of the creative process (see also “cognitive
dimensions of notations,” Blackwell & Green, 2003). He also argues that this
adaptability of representations is managed in the context of three constraints: (1)
theories about the domain and problem-solving methods regarding it (in our case,
group interaction); (2) “imaging conventions” or notations (two examples for group
interaction are social network analysis and transcriptions); and (3) “material
resources” of imaging technologies (an example for group interaction is synchro-
nizing multiple streams of data: videos, transcriptions, and traces of computer-
mediated human interaction) (Dyke, Lund, & Girardot, 2009). Using the terminology
of Suthers (2001), “representational tools” are a form of material resource that make
the imaging conventions of “notations” available in software settings; and these
notations may offer variable affordances for individual and group interaction.

We can understand the process of analysis, particularly multivocal analysis, as a
form of distributed cognition (Hutchins, 1995). Distributed cognition is neither
solely internal nor solely external but takes place through transformations of a
system of representations that are distributed between the two. The social and cog-
nitive acts of analysis, like other such acts, involve translations between representa-
tions. To take an example from Suthers and colleagues (Suthers et al., 2010; Suthers
& Medina, 2011), a time-ordered representation of individual contributions and
their characteristics such as actor, linguistic content, and medium can be translated
into a relational graph based on how words, phrases, and ideas are echoed across
contributions and how actors address each other (polyphonic analysis does some-
thing similar); and this graph of observable contingencies can be converted into a
summary representation of uptake evidenced by such contingencies, which in turn
is folded into a sociogram of who uptakes from whom with what frequency (Suthers
& Rosen, 2011; Suthers & Desiato, 2012).

The representations we use say a lot about our methods. They may also suggest
implicit theoretical assumptions (although not in a deterministic manner: the
researcher also has agency). Consider, for example, transcripts. Some analyses may
require different information than others, and part of the value in transcripts is that
they are selective, making some aspects of the data salient at the cost of others.
Gail Jefferson (2004) compares unelaborated transcripts by Harvey Sacks with her
own notational conventions that capture the nuances of prosody and timing. She
illustrates how some questions of interpretation do not even arise, let alone can be
resolved, without the information her notation includes. Yet, in making prosody
and timing salient, the salience of the interaction as a verbal conversation is some-
what obscured. Also, her notation focuses primarily on verbal acts and relegates
nonverbal acts to annotations or parenthetical comments, implying that nonverbal
acts are merely contextual or play a subordinate role. One might use separate col-
umns for verbal and nonverbal acts, but this implies that there is non-overlap and
does not highlight the coordination across multiple verbal and nonverbal semiotic
fields (Goodwin, 2003). Ochs (1979) provides a detailed discussion of how the
notational format of transcripts has biases that can be derived from or have theoreti-
cal implications, with examples in the transcription of interaction between an adult
and a very young child. When transcripts are written in sequential order, as is
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common for conversation analysis, there is bias towards reading contributions as
contingent upon immediately prior contributions and setting up expectations
(preferences) for immediately following contributions. However, very young
children do not necessarily attempt to make their contributions relevant to the
immediately prior contribution. They may engage in running narratives where their
contributions are more relevant to their own prior contributions. As a fix for this,
Ochs suggests placing participants in their own separate columns, aligned horizon-
tally for time, but enabling one to read each participants’ narrative independently.
This may then lead to a new bias: in languages in which we read in the left-to-right
direction, the interlocutor placed on the left may be seen as dominant or as the
initiator of all interactions. To counter this bias, Ochs suggests placing the adult on
the right-hand side.

Once the transcript is constructed, we then construct other analytic representa-
tions from it that offer restricted and selected narratives about what the world was
like at a particular moment through a combination of symbolic, iconic, and indexi-
cal signs (Duranti, 2006). As Duranti points out, both a transcript’s evolution and
the evolution of the transcript’s interpretations can provide us with a record of our
epistemological and theoretical changes. We will see examples throughout this vol-
ume, including how graphs of relationships between events make interactional
structure explicit under concepts of adjacency, polyphony, transformations, and
uptake (Looi et al., Chap. 15, this volume; Lund & Bécu-Robinault, Chap. 17, this
volume; Medina, Chap. 16, this volume; Stahl, Chap. 28, this volume; Trausan-
Matu, Chap. 6, this volume); how interaction can be differentially understood
through representations of changes in values of collections of variables (Chiu, Chap.
7, this volume; Chap. 23, this volume) or is understood primarily through the physi-
cal artifacts that it produces (Jeong, this volume); and how it can be abstracted to
networks of relations between concepts and/or persons (Goggins & Dyke, Chap. 29,
this volume; Teplovs, Chap. 21, this volume). Here we have only touched on a few
ways in which representations of different facets of human interaction show a vari-
ety of ways of portraying and understanding interactional phenomena. Many more
examples are possible when considering other analytic representations: see Chap.
33 (Dyke, Lund, Suthers, & Teplovs, this volume) for further discussion.

Analytic Manipulations

What are the analytic moves that transform a data representation into successive
representations of interaction and interpretations of this interaction? How do these
transformations lead to insights concerning the purpose of analysis?

The foregoing account has already noted that the act of analysis can be viewed as
consisting of certain manipulations and transformations of representations, presum-
ably beginning with data representations and then deriving analytic representations
and interpretations. The manipulations operate on the representations described by
the previous dimension, translating one to another. In the process, the unit of
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interaction is involved, being identified and either interpreted directly or trans-
formed in other ways into what is worth interpreting. The final representation(s)
should make salient something relevant to the identified purpose of analysis. Just as
we understand interaction as not consisting of isolated acts but rather as acts being
understood in relation to each other, analysis is not understood as isolated rep-
resentations, but rather the representations are understood in relation to each other
and the practices through which they are transformed and interpreted. These prac-
tices will reflect theoretical assumptions, particularly the epistemology of the tradi-
tion within which notations become representations. As a simple example, a
tradition in which learning is a matter of uncovering participant practices for doing
learning will “transform” (they would not put it this way) records of participant
interaction into rich accounts of how particulars of coordinated vocalization, gaze,
gesture, etc. offer and affirm interpretations of meaning among the group, while
another tradition that seeks accounts of regularities between theoretical constructs
across the “noise” of multiple settings may take the same transcript and generate
counts of codes related to these constructs and aggregate them numerically for sta-
tistical characterization. We will see many examples of different kinds of manipula-
tions throughout this volume.

Conclusions

We end this chapter with an anecdote by Richards (1995) illustrating how the
methodological dimensions of two researchers from different disciplines guide
what aspect of a phenomenon of interest they focus on. Richards was at a faculty
party where researchers discovered that one batch of homemade beer was less bub-
bly than another one. A biologist suggested that it was because there was less air in
the bottle, and decreased oxygen meant that the yeast would die sooner, thereby
converting less sugar to alcohol and producing fewer bubbles. A physicist countered
that it was instead crucial to calculate how much pressure was building up in the
bottle and that the increased pressure was what was probably killing the yeast and
that what should be examined was what the effect of more fluid and less air would
be on the amount of pressure in the bottle.

As Richards tells it, the party quickly formed into two groups: one of biologists
and one of physicists, each discussing the theory that made sense within their respec-
tive scientific traditions. Neither group talked to each other, and it was clear that they
were not going to compare results. Neither group was posing more interesting or
more relevant questions, but perhaps if they had conversed and worked together, they
would have discovered ways of converging. It may be safe to say that both groups
were operating in positivistic paradigms, with their associated theoretical assump-
tions of discovery of objective universal laws and indeed both were trying to under-
stand the bubbliness of the batch of beer (purpose of analysis). However, each had a
different unit of analysis (e.g., relation of oxygen quantity to yeast life vs. relation of
pressure to yeast life) and therefore different representations and analytic
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manipulations. Richards doesn’t give the solution to the enigma, but both hypotheses
can be tested by first keeping constant pressure and decreasing oxygen level and then
keeping constant oxygen level and increasing pressure and, in both cases, checking
to see if the beer is equally less bubbly in both cases than a “control” batch of beer,
from which the experimental values of oxygen and pressure varied.

Although in this particular case one or both theories may be true (they are not
necessarily incompatible) and this result is verifiable by experiment, such an exam-
ple helps us to see how some disciplinary views on what constitutes explanation of
phenomena may be more difficultly reconciled. If we consider an experimental cog-
nitive psychologist and a conversation analyst, it is already difficult to converge on
a similar purpose of analysis. The former is most likely in a positivistic paradigm,
using quantitative analyses in an attempt to discover causal connections between
isolated variables, whereas the latter will be in a constructivist paradigm, using
qualitative analyses in order to describe the details of participants’ negotiations of
events in a particular context. Both may be interested in human interaction but will
focus on different aspects of it and employ different units of interaction and therefore
different representations and analytical transformations. As Richards (op. cit.) asks
(p- 59): “As we give up truth or nature as the ultimate determinant, and assume some
degree of incommensurability between traditions, how do I, as a scientist, make a
rational decision to accept or join a new tradition?” We hope this book gives researchers,
both new to and experienced in their fields, a means to answering this question while
they examine more critically the tradition(s) they have been educated in.
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Chapter 3
A Reader’s Guide to the Productive

Multivocality Project

Daniel D. Suthers, Carolyn Penstein Rosé, Kristine Lund, and Chris Teplovs

This chapter serves as a guide to a book reporting on a 5-year collaboration among
researchers exploring the basis for productive dialogue between multiple theoretical
and methodological traditions in the analysis of group interaction. Following a
description of the overall format of the book, several reading strategies are described,
and the chapters are outlined with annotations to help the reader implement these
strategies.

Organization

The seven sections of this book include the present introductory section, five
sections focused on case studies in which multiple analysts analyze the same data,
and a final section summarizing lessons learned and implications. The case study
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sections each has the same internal structure. They each begins with a chapter written
by the persons providing the data that describes the setting in which the data was
gathered and the nature of the data. Several chapters providing alternative analyses
of the data follow this data description chapter. Some of these analyses were iterated
after being influenced by other analyses in the sections, resulting in some cross talk
between analysis chapters, but the bulk of the discussion of productive multivocality
issues is in the final chapter of each section, the discussant chapter. Depending on
what was most salient for the given case study, the discussant chapters identify chal-
lenges that came up in achieving productive multivocality and how they were
addressed, compare the results obtained, and summarize theoretical and method-
ological issues that were exposed.

Reading Strategies

Any reading of this book should begin with Chap. 1, to understand the key motivations
and insights of the project. Then various reading strategies are envisioned, accord-
ing to the reader’s goals. Of course, one strategy is to simply read the entire book in
sequence, and with this in mind the book is organized to provide a comprehensive
survey of diverse analytic approaches as applied to equally diverse interactional
settings, age levels, and topics in five case studies, culminating in what we learned
from the entire enterprise. Each of the five case study sections ends with a discus-
sion of issues in and strategies for achieving productive multivocality that are illus-
trated by the section. The final section of the book aggregates and abstracts these
issues and lessons from the case studies. If for whatever reason the reader cannot or
need not read the entire book, then one of the following strategies may apply according
to the reader’s goal.

Reading Goal: Understanding Productive Multivocality

Chapter 31 (Suthers, Lund, Rosé, & Teplovs, this volume) was written to stand
alone as a summary of the productive multivocality project and its lessons and
implications. It can be used, for example, as an executive summary for those who
can read only one chapter or as an introductory reading in a graduate seminar.
Readers who wish to go into more depth concerning what we have learned about
productive multivocality and implications for a research field might skim the final
discussion chapter of each of the five case study sections (Chaps. 8, 13, 19, 24, and 30)
to first encounter the issues and lessons in context and then concentrate on the final
section of the book where we discuss various aspects of productive multivocality
that could apply to other fields of inquiry. References to the case studies in the case
study discussions and final reflection chapters might inform such readers where to
dive into the case studies for informative examples.
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Reading Goal: Figuring Out How to Approach One’s Own Data

Some readers may be faced with a dataset similar to one of ours and want to learn
about different analytic approaches and what they have to offer, possibly with the
intention of using multiple methods. Such a reader may begin with the guide to
chapters that follows below to identify the case study that is closest to their interests
according to their interactional setting, grade/age level, and topic, and then read the
corresponding section in detail. Chapter 31 and the Methods for Multivocality
chapter (Rosé & Lund, Chap. 32, this volume) also provide some practical pointers
for thinking about how to approach the task.

Reading Goal: Learning About the Range of Analytic
Approaches Available

Other readers may also be interested in learning about analytic approaches but not
with any particular data in mind. Students and researchers who have been trained in
one tradition may want to broaden their perspective, or early career readers may
want to explore alternative traditions to pursue. The book can also support a gradu-
ate methods course through this strategy. These readers should begin with the
description of dimensions along which analytic methods may be described in Chap.
2 (Lund & Suthers, this volume) and then use the guide to chapters that follows to
either identify case studies that bring together the methods they want to explore or
to construct their own reading trajectory that follows particular methods of interest
(e.g., ethnomethodological, network analysis, statistical discourse analysis (SDA))
threaded through the case studies. Chapter 32 compares the experience of the expert
analysts whose work is represented in this book with the experiences of graduate
students just learning about multivocal analysis and therefore may provide some
useful guidance for newcomers.

Reading Goal: Identifying Results for Research
and Practice in Application Areas

Since this book includes various specific studies by reputable researchers, each
with their own results and insights, this book can also serve as a resource for
researchers or practitioners who are not interested in methodological issues but
rather are most interested in research questions or issues of practice in one or more
of the particular settings we studied. For example, a researcher may be interested in
software agents in an intelligent tutoring system context, or a mathematics educator
may want to examine a case study of how conceptual issues in mathematics may be
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addressed with group exercises using simple tools such as paper and a blackboard.
Again, such a reader can use the remainder of this chapter to identify the case study
that is closest to their interests according to their interactional setting, grade/age
level, and topic.

Data Section 1: Pivotal Moments in Origami Fractions

Section Editor: Kristine Lund CNRS

In this section, learning fractions in a 6th-grade Japanese classroom provide the
focus for three analytical approaches, each identifying “pivotal moments” within
the interaction. The data consists of an English-subtitled video in Japanese of six
students folding origami paper and of one teacher monitoring their progress on the
blackboard and an accompanying transcription of their talk and gestures. One ana-
lyst (Shirouzu, Chap. 5, this volume) sought to identify where the personal foci of
learners originate; what happens in the interaction once a learner focuses on, for
example, shapes or production methods; and how learner outcomes are related to
such foci. Another analyst (Trausan-Matu, Chap. 6, this volume) identified the
semantic content of “voices” and their interanimation patterns in a polyphony
framework. A third analyst (Chiu, Chap. 7, this volume-a) applied SDA to the data-
set in order to see whether recent sequences of utterances affected the likelihood of
creating utterances categorized as new ideas, correct ideas, micro-creativity, or jus-
tifications. As a consequence of our multivocal approach, all three analysts revisited
their methods and modified them in light of discussion with the others. An analysis
of the methodological dimensions (cf. Lund & Suthers, Chap. 2) across the three
researchers is presented, and lessons learned are summarized in the discussant
chapter (Lund, Chap. 8, this volume).

Chapter 4 (Data): Learning Fractions Through Folding
in an Elementary Face-to-Face Classroom

Hajime Shirouzu

Shirouzu introduces the fractions dataset in Chap. 4, entitled “Learning Fractions
Through Folding in an Elementary Face-to-Face Classroom,” a dataset he collected
while visiting and teaching students twice in a remote area in Japan. In his chapter,
he clarifies the rationale behind his data selection, the design principles of the class
he taught, and the learning task he presented to the students as well as its
objectives.
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Chapter 5 (Analysis): Focus-Based Constructive Interaction

Hajime Shirouzu

If we can analyze the diversity of both the paths learners take and the goals that they
reach in a collaborative situation, we will be able to utilize such diversity for further
enriching learning. This chapter proposes the model of “focus-based constructive
interaction,” which hypothesizes that the intramental interaction of each individual cre-
ates a personal focus affecting how he verbalizes and acts in collaborative moments
and that the verbalization leads to his learning outcome. By applying this model to the
origami fraction data, the chapter demonstrates that, even in a shared situation involv-
ing the six children, each child deepened his or her own understanding by asking his or
her own questions and searching the external world for answers along his or her own
focus, which remained relevant for several months. It also shows that the difference in
foci produced different interpretations and promoted social interactions among them.
The analytic devices of focus and role were discussed and contrasted with individual
attributes for explaining individuals’ diverse progressions through social interaction.

Chapter 6 (Analysis): Collaborative and Differential
Utterances, Pivotal Moments, and Polyphony

Stefan Trausan-Matu

This chapter presents a multivocal analysis method of collaborative learning and its
application on the origami fractions dataset, considering several dimensions: spoken
dialogue, body language, the visual dimension, internal dialogue (at an intramental
level), and echoes. The analysis is performed starting from the polyphonic model,
which was previously used for instant messenger conversations and discussion
forums and was extended for the face-to-face (F2F) classroom interactions in this
dataset. The analysis includes the identification of the voices, in an extended sense,
interanimation patterns among them, collaborative and differential utterances, changes
in the rhythm (chronotopes), and pivotal moments of the interactions.

Chapter 7 (Analysis): Social Metacognition,
Micro-Creativity, and Justifications: Statistical Discourse
Analysis of a Mathematics Classroom Conversation

Ming Ming Chiu

This analysis shows how SDA can identify the locations and consequences of
pivotal moments and how characteristics of recent turns of talk such as questions
and evaluations (social metacognition) are linked to characteristics of subsequent
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turns of talk, such as correct ideas, new ideas, or justifications. Along with the other
studies in this unit, this analysis shows how multivocality can suggest cycles of
analyses and help develop further statistical methods.

Chapter 8 (Discussion): A Multivocal Analysis of Pivotal
Moments for Learning Fractions in a 6th-Grade Classroom
in Japan

Kristine Lund

This chapter compares the pivotal moments each analyst described using the five
methodological dimensions discussed in Chap. 2 (Lund & Suthers, this volume):
theoretical assumptions, purpose of analysis, unit of analysis/unit of interaction, data
representations, and manipulation of data representations. Conclusions are drawn on
how redefining the unit of analysis and the unit of interaction in light of other
researchers’ analyses, interpreting other researchers’ pivotal moments in one’s own
framework, and comparing the semantics of and the relations between analytical con-
cepts all contribute to helping an analyst surpass the limits of a particular method.

Data Section 2: Peer-Led Team Learning for Chemistry

Section Editor: Carolyn P. Rosé

In this section, we use a multivocal leadership construct as a lens for viewing and
comparing the dynamics of two different peer-led teams as they solve a chemistry
problem related to de Broglie’s equation. Four different analysts offer their interpre-
tation of the data, resulting in three analysis chapters: one providing an ethnographic
analysis (Sawyer, Frey, & Brown, Chap. 10, this volume); another comparing and
contrasting two multidimensional coding and counting approaches, each including a
cognitive, relational, and motivational dimension (Howley, Mayfield, Rosé, & Strijbos,
Chap. 11, this volume); and finally, a content-focused network analysis chapter
(Oshima, Matsuzawa, Oshima, & Niihara, Chap. 12, this volume). Chapter 13 (Carolyn
P. Rosé, this volume) discusses how the juxtaposition of the three distinct lenses reveals
new insights into the intricate nature of complex constructs like leadership that argue
strongly that a multivocal analysis is more than the sum of its parts.

Chapter 9 (Data): Peer-Led Team Learning in General Chemistry

Keith Sawyer, Regina Frey, and Patrick Brown

Peer-led team learning (PLTL) is a collaborative learning technique that has been
used on many college campuses, particularly in large lecture classes in departments
of chemistry. Several studies have shown that PLTL results in improved learning.
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However, researchers have not investigated the discourse practices used by peer
leaders and students, and among students themselves, that give rise to this enhanced
understanding of chemistry content. To better understand the interactional mecha-
nisms that make PLTL effective, three PLTL sessions for each of 15 veteran peer
leaders were videotaped over the course of one semester. The dataset presented here
contains transcripts of two PLTL groups as they solved the same problem.

Chapter 10 (Analysis): Knowledge Building Discourse
in Peer-Led Team Learning Groups in First-Year General
Chemistry

Keith Sawyer, Regina Frey, and Patrick Brown

To better understand the interactional mechanisms that make PLTL effective, we
closely examined videotapes of two PLTL groups as they both solved the same
chemistry problem. In one group, students engaged in group knowledge building:
intellectual conversations where they asked each other questions, provided proce-
dural and conceptual explanations, and closely monitored each others’ understand-
ing of the problem. This led to an increasingly accurate understanding of the
problem. In the contrasting group, their conversations focused on rote application of
formulas as they worked to calculate a “correct” solution. Our analyses help us to
understand what effective collaborative discourse looks like and have practical
implications for how peer leaders are trained and how peer groups are organized.

Chapter 11 (Analysis): A Multivocal Process Analysis
of Social Positioning in Study Groups

Iris K. Howley, Elijah Mayfield, Carolyn P. Rosé, and Jan-Willem Strijbos

This chapter compares two multidimensional analyses of the PLTL chemistry dataset,
which each includes a cognitive, relational, and motivational dimension. These mul-
tidimensional analyses serve to highlight the ways in which the complementary
perspectives on collaborative processes offered by each dimension can be integrated
in a way that offers deep insights into social positioning within collaborative groups.
Differences revealed particularly along the relational and motivational dimensions
raise important questions regarding the operationalization of interaction style as
displayed through language and highlight the value of multivocality for the purpose
of refining important constructs in ways that work towards theory building through
integration of findings across research groups that employ different analytic frame-
works coming from a common theoretical foundation.
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Chapter 12 (Analysis): Application of Network Analysis
to Collaborative Problem Solving Discourse: An Attempt
to Capture Dynamics of Collective Knowledge Advancement

Jun Oshima, Yoshiaki Matsuzawa, Ritsuko Oshima, and Yusuke Niihara

This chapter presents an analysis of collaborative knowledge building in the PLTL
corpus using a social network analysis approach. The goal is to present an analysis
of collective knowledge advancement that goes beyond what has been accomplished
using existing methods and offers a unique bird’s eye view of how knowledge
advancement proceeds over time.

Chapter 13 (Discussion): A Multivocal Analysis
of the Emergence of Leadership in Chemistry Study Groups

Carolyn P. Rosé

This chapter reflects on the three analysis chapters describing the PLTL chemistry
dataset in two different stages. The first stage focuses on the concept of leadership
and contrasts the three quantitative analyses presented by Oshima, Rosé, and
Strijbos at the workshop on Multivocality at ICLS 2010. Based on these reflections,
a multi-faceted image of ideal leadership emerges that would not be visible in any
single one of the frameworks investigated. This chapter integrates the perspectives
discussed within these three chapters, illustrating how this multivocal separation
between different leadership constructs allows us to view how it is possible to pres-
ent one’s views as standing on their own without denying others the right to have
their own voice. Following up on this integration, a second wave of reflection
focuses on the subsequent, more detailed written analyses, including a new qualita-
tive analysis by Sawyer and colleagues, that enables a more in-depth comparison
across analytic approaches at both the individual level and the group level. Questions
are raised related to assessment of collaborative problem solving that must be
addressed in future work.

Data Section 3: Multimodality in Learning About Electricity
with Diagrammatic and Manipulative Resources

Section Editor: Daniel D. Suthers

The data for this section is from an innovative primary school science classroom in
Singapore (Chen & Looi, Chap. 14, this volume). Group Scribbles collaborative
sketching software (Brecht et al., 2006) is used in conjunction with physical
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manipulatives (batteries, light bulbs, and wires) in an exercise to understand how
basic electric circuits work. The corpus was analyzed by Looi, Song, Wen, and
Chen (Chap. 15, this volume) using uptake and content analysis guided by a theory
of progressive inquiry; Medina (Chap. 16) using uptake analysis with an ethno-
methodological orientation towards unpacking group accomplishments; Lund and
Bécu-Robinault (Chap. 17) focusing on coherence and conceptual change in trans-
lations between media and modes motivated by a theory of semiotic bundles; and
Jeong (Chap. 18) using content analysis under her conception of “group under-
standing.” The discussion chapter by Suthers (Chap. 19, this volume) identifies two
major themes across the analyses: what evidences understanding and practices of
multimodal interaction across various media. Suthers describes a related Group
Scribbles case study that preceded the present one, discusses pragmatic issues con-
cerning transcript sharing, and then compares the analyses in various ways sum-
marized in his abstract below.

Chapter 14 (Data): Group Scribbles-Supported Collaborative
Learning in Primary Grade 5 Science Class

Wenli Chen and Chee Kit Looi

This chapter describes the setting and context of a group of primary grade 5 (about
age 11) students doing a collaborative learning activity in a science class. Data from
this setting are analyzed in subsequent chapters in this book section. Students, in
groups of four, used a networked technology called Group Scribbles (GS) to jointly
complete a learning task—how to connect a circuit with batteries, wire, and a light
bulb so that the bulb would light up. They shared information, negotiated meaning,
and constructed knowledge through both GS interaction and F2F discussion. The
lesson designers attempted to optimize the use of GS and F2F interaction in real
classrooms to support students’ collaborative learning, with the aim of harnessing
the specific features of each medium.

Chapter 15 (Analysis): Identifying Pivotal Contributions
for Group Progressive Inquiry in a Multimodal Interaction
Environment

Chee Kit Looi, Yanjie Song, Yun Wen, and Wenli Chen

This chapter adopts an interaction analysis method using the notion of uptake to
investigate the development of progressive inquiry learning in a classroom setting
using GS. In progressive inquiry learning, students work together on elaborating a
shared object such as a research problem, products in a shared digital space like GS,
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or experimental practices to be reflected on and transformed. An uptake analytical
framework is applied to code different facets of interactions in a small group, com-
prising verbal interactions (utterances and gestures), artifacts created in GS, and
hands-on experimental practices into events as coordination acts and to identify
uptakes and pivotal contributions (a contribution that plays the role of shifting the
direction of the subsequent events seamlessly or abruptly) from such interactions.
The analysis illuminates how the pivotal contributions influenced the direction of
the group progressive inquiry and led the group to developing progressive under-
standing of the science concepts.

Chapter 16 (Analysis): Cascading Inscriptions and Practices:
Diagramming and Experimentation in the Group Scribbles
Classroom

Richard Medina

The analysis discussed in this chapter draws attention to the interactional and
inscriptional practices observed in Group Scribbles science classroom. The critical
finding is the identification of a pivotal sequence of interaction occurring in the later
half of the activity in which one member of the group proposes an innovation for
illuminating two light bulbs in a single circuit. The proposal and its subsequent
endorsement by the other members are contingent on an immediately prior interac-
tion in which the group appropriates another group’s circuit diagram. Together, this
pair of adjacent sequential structures exposes multiple instances of uptake between
participants. These uptake relations are realized through an ensemble of contingen-
cies consisting of persistent diagrams, tabletop materials, and a locally situated
interactional practice.

Chapter 17 (Analysis): Sustainable Coherency of Concepts
Across Modes of Interaction

Kristine Lund and Karine Bécu-Robinault

Our analyses illustrate nine instances of what we call multimodal and multimedial
reformulations of content beginning either with drawings of physics experiments
and going to the manipulation of the physics experiments themselves or beginning
with the experiments and going to the drawings. We postulated that each time one
of these reformulations occurred, it was a potential (yet rare) pivotal moment for
conceptual change because content was being transformed across modes and media.
Within the nine instances of reformulation, we found two types of pivotal moments
(three instances in all). The first type was changing one’s conception from an intuitive
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everyday view on physics to a canonical view of physics. The second was maintaining
a canonical view of physics while also integrating more complexity in terms of
experiments constructed, drawings made, or concepts talked about. In addition, the
notion of the semantic bundle enabled us to show how the ongoing interaction sup-
plied building blocks that illustrated either sustained conceptual change coherent with
canonical physics or difficulties that students faced.

Chapter 18 (Analysis): Development of Group Understanding
via the Construction of Physical and Technological Artifacts

Heisawn Jeong

The analyses reported in this chapter analyzed the development of group under-
standing along the dimensions of domain understanding and intersubjectivity based
on the artifacts that a student group constructed during learning. In terms of the
domain knowledge development, the analyses identified a progression of four cir-
cuit understandings, showing that the group’s understanding of electrical circuits
became more sophisticated over time as the group considered additional ways to
light the bulb(s). The four group understandings also differed in terms of the extent
to which they were interactively constructed so that some were constructed mainly
by pooling individual ideas while others were more or less co-constructed in the
process of collaborative artifact construction.

Chapter 19 (Discussion): Agency and Modalities
in Multimediated Interaction

Daniel D. Suthers

As reported in previous chapters, four teams each analyzed traces of a group of
students in a Singapore primary school science classroom, interacting F2F and with
the aid of a shared whiteboard (Group Scribbles) while manipulating electrical cir-
cuits. The four analyses, undertaken from various theoretical and methodological
traditions, identified pivotal events that changed the direction of the group’s activity,
gave accounts of how activity in multiple modes was coordinated simultaneously to
enact innovations, examined how translations between different media evidenced
changes in conceptual understanding, and characterized the group’s understanding
through the artifacts they produced. The present chapter summarizes the origins of
this work in a prior analysis of Group Scribbles, discusses challenges encountered
in producing shared transcripts or otherwise bringing our analytic artifacts into
alignment for purposes of comparison, discusses analytic conflicts that led to syn-
thetic agreement in one case and agreement to disagree in another, and characterizes
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how the analytic approaches expose different theoretical conceptions of the distribution
of agency across individuals and of activity across modalities. The chapter con-
cludes with advice for future efforts at productive multivocality.

Data Section 4: Knowledge Building Through Asynchronous
Online Discourse

Section Editor: Chris Teplovs

In this section we investigate data from an online graduate level course in education
that used Knowledge Forum (Scardamalia, 2004) as its principal communication
medium. Three analyses seek to identify and explore “pivotal moments” in the con-
text of a broader analysis of the dynamics of group processes that support knowl-
edge building and investigate the potential of automated analyses for use by learners,
teachers, and researchers. The chapters highlight different approaches to analysis of
asynchronous discourse data. Teplovs and Fujita (Chap. 21, this volume) analyze
social and semantic networks derived from the discussions; Chiu (Chap. 23, this
volume-b) applies SDA to analyze how prior messages influence a given message;
and Law and Wong (Chap. 22, this volume) explore simple visualizations of student
activity that may be usable by teachers managing knowledge-building classrooms.
The section closes with a critical reflection on some of the advantages and problems
of multivocal analyses and presents a model of iterative design-based research
(DBR) that capitalizes on some of the unique affordances of multivocality (Fujita,
Chap. 24, this volume).

Chapter 20 (Data): Online Graduate Education Course Using
Knowledge Forum

Nobuko Fujita

Progressive discourse is a kind of collaborative discourse for inquiry in which
participants share, question, and revise their ideas to deepen understanding and
build knowledge. Although progressive discourse is central to knowledge building
pedagogy, it is not known whether it is possible to detect its emergence in the par-
ticipation patterns in asynchronous conferencing environments or what kinds of
instructional interventions are most effective to support its development. To character-
ize episodes of discourse in which participants honor the commitments for progres-
sive discourse and to refine designs of peer and software-based scaffolding, the data
used in this section was collected in the context of a study that examined student
interactions on the asynchronous online discussion platform, Knowledge Forum®, in
an online graduate educational technology course.
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Chapter 21 (Analysis): Sociodynamic Latent Semantic
Learner Models

Chris Teplovs and Nobuko Fujita

In this chapter we present a framework for learner modelling that combines latent
semantic analysis and social network analysis of online discourse. The framework
is supported by newly developed software, known as the Knowledge, Interaction,
and Social Student Modelling Explorer (KISSME), that employs highly interactive
visualizations of interactions and semantic similarity among learners. Our goal is to
develop, use, and refine KISSME to generate and test predictive models of learner
interactions to optimize learning.

Chapter 22 (Analysis): Exploring Pivotal Moments
in Students’ Knowledge Building Progress Using Participation
and Discourse Marker Indicators as Heuristic Guides

Nancy Law and On-Wing Wong

This chapter sets out to identify pivotal moments in students’ knowledge building
progress for an online asynchronous corpus generated by a class of master’s-level
students in the context of a totally online course. The main motivation for this study
is to develop a methodology that can be effectively automated to aid teachers and/or
researchers to quickly gain a good overview of students’ progress in understanding
at an overall class level from a very large, semantically rich, and complex discourse
corpus. The methodology incorporates the use of participation and discourse marker
indicators to provide an overview of the nature and depth of students’ engagement
in relation to key concepts targeted for student learning and to support the heuristic
selection of a small sample of notes for use by the teacher and/or researcher for
further in-depth qualitative analysis. This methodology has the potential of being
developed into a teacher’s pedagogical aid to more effectively facilitate students’
collaborative inquiry and knowledge building. As a researcher’s productivity tool in
understanding students’ developmental trajectory in learning through discourse, it
offers a distinct possibility for developing and validating knowledge building theory
on the basis of empirical discourse analysis of large sets of corpus.

Chapter 23 (Analysis): Statistical Discourse Analysis
of an Online Discussion: Cognition and Social Metacognition

Ming Ming Chiu

This study revised a statistical method (SDA) designed for linear sequences of turns of
talk to apply to branches of messages in asynchronous online discussions. The revised
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SDA was used to test for cognitive and social metacognitive relationships among 17
students’ 1,330 asynchronous messages during a 13-week online graduate educa-
tional technology course. Multivocality benefits included enhancing a statistical
method to expand its scope, exposure to other analytic methods’ simpler user-
interfaces, and potential integration of multiple methods into a computer program
capable of semiautomatic analyses.

Chapter 24 (Discussion): Critical Reflections on Multivocal
Analysis and Implications for Design-Based Research

Nobuko Fujita

This chapter presents critical reflections on the multivocal analyses presented in the
preceding chapters in this volume by Teplovs and Fujita, Law and Wong, and Chiu
on the asynchronous discussion data collected in an online graduate education course
using Knowledge Forum. The multivocal analyses are discussed along five dimen-
sions: theoretical assumptions, purpose of analysis, unit of analysis/unit of interac-
tion, data representations, and manipulations on data representations. The diverse
interpretations and findings of pivotal moments are explicated in light of broader
dynamic group processes that support knowledge building in online graduate course
contexts. The implications of multivocal analysis for DBR are discussed.

Data Section 5: A Data-Driven Design Cycle for 9th-Grade
Biology

Section Editor: Carolyn P. Rosé

The unique focus of this section is on using multivocality to enhance a data-driven
design process by offering a multifaceted understanding of how interventions under
development interact with group functioning. Four analysts offer their interpretation
of what went right and what went wrong in a pilot evaluation of a new form of soft-
ware agent-based support for scientific discovery learning in 9th-grade biology
(Dyke, Howley, Kumar, & Rosé, Chap. 25, this volume). The four distinct analytic
approaches include ethnographic analysis (Cress & Kimmerle, Chap. 27), ethno-
methodological interaction analysis (Stahl, Chap. 28), network analysis (Goggins &
Dyke, Chap. 29), and linguistic analysis from a systemic functional linguistic per-
spective (Howley, Kumar, Mayfield, Dyke, & Rosé, Chap. 26). Each methodologi-
cal lens identifies unique opportunities to refine and improve the intervention, which
illustrates how a multivocal iterative development process enables each design
iteration to suggest a wider breadth of opportunities for improvement in DBR
(Hmelo-Silver, Chap. 30).


http://dx.doi.org/10.1007/978-1-4614-8960-3_24
http://dx.doi.org/10.1007/978-1-4614-8960-3_25
http://dx.doi.org/10.1007/978-1-4614-8960-3_27
http://dx.doi.org/10.1007/978-1-4614-8960-3_28
http://dx.doi.org/10.1007/978-1-4614-8960-3_29
http://dx.doi.org/10.1007/978-1-4614-8960-3_26
http://dx.doi.org/10.1007/978-1-4614-8960-3_30

3 A Reader’s Guide to the Productive Multivocality Project 51

Chapter 25 (Data): Towards Academically Productive Talk
Supported by Conversational Agents

Gregory Dyke, Iris K. Howley, David Adamson, Rohit Kumar,
and Carolyn P. Rosé

In the past 6 years, technology for dynamic support for collaborative learning has
matured in terms of its ability both to monitor online interaction through auto-
matic collaborative learning process analysis as well as to offer context-appropri-
ate support for effective participation in groups, such as using conversational
agent technology. In recent years, we have been exploring an approach called
academically productive talk (APT) as scaffolding for online collaborative learn-
ing discussions. In this form of agent-based support, the computer agent poses as
an APT facilitator who asks questions that call for a relatively elaborated response
(e.g., both a solution and a reason for the solution) and then presses the group to
build on or challenge these ideas, with the purpose of keeping student reasoning
at center stage and increasing student ownership of ideas. This study reports on an
iterative design process for developing the concept of APT agents for supporting
online collaborative learning. This effort extended over 2 years during which we
have conducted two complete cycles of design development, deployment, and
analysis, with the second-year design drawing on lessons learnt from the multivo-
cal analyses presented in the chapters within this section, which were conducted
after the first-year study.

Chapter 26 (Analysis): Gaining Insights from Sociolinguistic
Style Analysis for Redesign of Conversational Agent-Based
Support for Collaborative Learning

Iris K. Howley, Rohit Kumar, Elijah Mayfield, Gregory Dyke,
and Carolyn P. Rosé

Data from an early stage of development of conversational agent-based support for
collaborative learning provides an ideal resource for demonstrating the value of
sociolinguistic style analysis paired with time series visualizations as part of an
iterative design process. The method illustrated in this chapter was introduced in
earlier publications focusing separately on the sociolinguistic style analysis and the
time series visualization using the Tatiana tool. However this chapter is unique in its
application to data that is at such an early stage in a development process. The data
is admittedly raw and contains many examples of interaction gone awry.
Nevertheless, the value in this analysis is in a demonstration of what insights can be
gained through detailed stylistic analysis of conversational behavior that informs
the next steps of intervention development.
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Chapter 27 (Analysis): Successful Knowledge Building Needs
Group Awareness: Interaction Analysis of a 9th-Grade CSCL
Biology Lesson

Ulrike Cress and Joachim Kimmerle

This chapter presents an analysis of chat protocols from four 9th-grade biology
classrooms with 50 students at a public school in Pittsburgh, PA. Particular aspects
of knowledge building processes in small computer-supported groups are described
and explained. We provide examples from the chat protocols that hint at successful
knowledge building and from which we can learn something about how the devel-
opment of knowledge takes place. Moreover, we provide examples that illustrate
why four types of group awareness (social, action, activity, and knowledge aware-
ness) are crucial for collaboration, why a lack of group awareness may be detrimen-
tal to CSCL, and which strategies students will apply in order to establish group
awareness and common ground. Concluding, we point to implications for future
design processes of CSCL scenarios.

Chapter 28 (Analysis): Interaction Analysis of a Biology Chat

Gerry Stahl

This is an analysis of data from initial attempts to combine (a) technology from the
Virtual Math Teams (VMT) Project, (b) helping agents, (c) collaborative small
groups, and (d) accountable-talk prompting in order to scaffold biology student
online chats about videotaped results of a biology experiment. Analysis of the
response structure of the chat log of a student group reveals characteristics of their
interactions in terms of building collaborative knowledge. In particular, the mediation
by the VMT technology, helping agents, and accountable-talk training is analyzed
to determine their influences in promoting productive learning-oriented interaction.
A DBR analytic perspective provides suggestions for redesign of the socio-technical
approach based on the findings from the interaction analysis. Redesign in response
to the analysis results in clear improvement, as seen in analysis of the response
structure of a chat log from a second test cycle.

Chapter 29 (Analysis): Network Analytic Techniques
for Online Chat

Sean P. Goggins and Gregory Dyke

Multivocal analysis applies two or more research methods to the same dataset
and then applies reflexivity in a joint analysis to achieve greater insights than
would be possible with a single method. In this pilot study, we demonstrate how
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the application of specific methods is influenced by the ordering of the methods
and present a guideline for future multivocal analysis of online chat data using
network analytic techniques. We do this in two phases. First, we use Stahl’s eth-
nomethodological analysis of one session of biology chat discourse to inform
decisions about how to identify and weight implicit connections between partici-
pants. Implicit connections are useful because they can be easily automated and
presented in real time. We then contrast Stahl’s analysis with the networks we
derive from those implicit connections, showing some similarities. Second, we
use Tatiana to construct ethnomethodologically informed networks for the full
corpora and perform network analysis on the resulting explicit connections. The
results are not aligned with our first-phase analysis of network position and roles
for members. Further inquiry illustrates that the session chosen for ethnomethod-
ological analysis by Stahl has different characteristics than the other six sessions,
drawing our use of that analysis for building implicit connections in the corpora
into question. We conclude with a clear vision for applying the group informatics
methodological approach to corpora prior to the performance of time-consuming
qualitative methods like ethnomethodologically informed analysis. Weaving
methods together in the right order, we argue, will lead to more rapid and deeper
insight.

Chapter 30 (Discussion): Multivocality as a Tool
for Design-Based Research

Cindy E. Hmelo-Silver

This chapter provides an integrated perspective of the discussions and analyses
related to the DBR process enacted in a multivocal way in this 9th-Grade Biology
section of the book. The focus of the work is iterative development of what are
referred to as accountable-talk agents to support collaborative learning in an urban
high school science laboratory. This discussant chapter provides an interpretation
of the multivocal process, how it sometimes worked and sometimes didn’t, and
what lessons were learned along the way. This early stage in a DBR program is
timely for understanding how a complex socio-technical intervention affected
collaboration.

Reflections

The final section steps back from the specific data corpora and their attendant issues
to return to the question of when and how productive multivocality can be achieved.
Chapter 31 (Suthers et al., this volume) summarizes the entire project and the major
lessons learned, and can be used as a self-contained reading. Chapter 32 (Carolyn
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Penstein Rosé & Lund, this volume) uses a conceptual model of how multivocality
relates to methodological traditions to consider pathways for approaching multivo-
cality and possible pitfalls. They compare our experience in this project with the
experience of a class of graduate students in their attempt at productive multivocal-
ity. Chapter 33 (Dyke, Lund, Suthers, & Teplovs, this volume) examines how data
and analytic representations are used and given meaning in analysis, with examples
derived from the case studies of this volume, and discusses the implications of rep-
resentational affordances for multivocality. It concludes with strategies for effective
use of representations in support of productive multivocality. Chapter 34 (Lund,
Rosé, Suthers, & Baker, this volume) examines what happened when different epis-
temologies encountered each other in the case studies and discusses what could or
should have happened (e.g., when the epistemologies did not engage with each
other, or the engagement was not productive). The chapter shows how epistemologi-
cal encounters can help to bridge between isolated traditions that work on similar
objects of study. Chapter 35 (Law & Laferriere, this volume) takes a critical look at
which aspects of this project may have meaningful implications for educational
practitioners such as teachers. While some of our work may only be of interest to
researchers, the authors find types of relevance to practice: informing immediate
pedagogical decision-making and providing more general insight and understand-
ing to the processes and outcomes of learning and knowledge building in collabora-
tive contexts. Finally, in Chap. 36 (Koschmann & O'Malley, this volume), two
prominent researchers from different methodological traditions who were not
involved in the project discuss the implications of this research collaboration and
the relation of multivocality to other literatures. Their chapter takes the form of a
dialogue, constituting their own productive multivocality.

Chapter 31: Achieving Productive Multivocality
in the Analysis of Group Interactions

Daniel D. Suthers, Kristine Lund, Carolyn P. Rosé, and Chris Teplovs

This chapter reports on the productive multivocality project, a 5-year collaboration
among researchers exploring the basis for productive dialogue between multiple
analytic traditions in the analysis of group interaction, focusing on educational set-
tings. The project was motivated by the need to bring cohesion to multidisciplinary
fields such as the learning sciences in a manner that respects and leverages their
diversity. Five data corpora were each analyzed by several analyst teams represent-
ing various theoretical and methodological traditions, and we explored strategies for
engaging these teams in productive dialogue. This chapter offers a self-contained
summary of the project and its major insights and lessons and can serve as a starting
point for further reading. After briefly reviewing the motivations and history of the
project, we then summarize the five data corpora, the analyses done on them, and
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the challenges for productive multivocality that we encountered and what we
learned from these case studies. The chapter concludes with a discussion of strate-
gies for productive multivocality.

Chapter 32: Methodological Pathways for Avoiding
Pitfalls in Multivocality

Carolyn Penstein Rosé and Kristine Lund

This chapter explores multivocality from a methodological perspective. A concep-
tual model is presented for thinking about multivocality and how it relates to meth-
odological traditions. We reflect back on what we have learned through
experimentation with multivocality through the five data sections of the book and
draw principles for best practices that we offer to the broader research community.
As a running theme throughout the chapter and as an invitation to disseminate mul-
tivocality to the next generation of researchers in our field, we contrast the experi-
ence of expert analysts whose work is presented in the preceding data sections with
the experience of students working in groups on their first discourse analysis project
in the context of a computational models of discourse analysis (CMDA) class.

Chapter 33: Analytic Representations and Affordances
for Productive Multivocality

Gregory Dyke, Kristine Lund, Daniel D. Suthers, and Chris Teplovs

This chapter describes and reflects upon the analytic representations used in the
analyses presented in this book and the roles they played in multivocal analysis.
As shown in other chapters, multivocality across analyses based on shared datasets
can be productive in a variety of ways and for a variety of reasons. From a pragmatic
perspective this productivity is also dependent on the ability of analysts to share
datasets, perform analyses, inscribe new analytic knowledge into representations, and
use these representations as a basis for discussion. In this chapter, we examine how
representations are used and given meaning in analysis. We catalogue the types of
entities and attributes inscribed in representations, the notational systems by which they
are encoded, and the kinds of moves that result in the creation of new representations.
We then discuss the opportunities for multivocality afforded by the representations
present in the different data sections and discuss the properties desirable in a frame-
work for coordinating analytic representations. We describe instances of representa-
tion-based productive multivocality found in this volume, presenting nine strategies
for researchers seeking to engage in productive multivocality. This chapter will be of
interest to tool designers but also provides guidance to researchers in reflectively
choosing representations (and their affordances for interpretation and manipulation)
so as to maximize their ability to engage in productive multivocality.
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Chapter 34: Epistemological Encounters in Multivocal
Settings

Kristine Lund, Carolyn Rosé, Daniel D. Suthers, and Michael Baker

Researchers usually work and evolve in the scientific frameworks in which they
were trained, without questioning their epistemological foundations. However, this
may be required when researchers coming from different disciplines and paradigms
try to work together on the same object of study. This chapter reflects on epistemo-
logical encounters in a 5-year project of multidisciplinary collaborations in the
analysis of interaction. We argue for maintaining diversity of epistemological tradi-
tions while either achieving complementarity within explanatory frameworks on
different levels or maintaining productive tension. We then present the extent to
which researchers in our project and a similar project encountered each other’s epis-
temologies when they compared their analyses of shared corpora. The majority of
comparisons in various contexts led to engagement between epistemologies, and
some of these epistemological encounters were productive and glitch free, others
had difficulties, but still led to productivity, while still others led to missed opportu-
nities and in one case to radicalizing incommensurable stances. A minority of com-
parisons in other contexts did not lead to engagement but could either still be fruitful
or not productive at all. In conclusion, we summarize the consequences of engaging
with epistemologies through the comparisons researchers make of their analyses in
multivocal contexts, showing how epistemological encounters can help to bridge
between isolated traditions that work on similar objects of study.

Chapter 35: Implications for Practice

Nancy Law and Therese Laferriere

While the focus of this book is generally to explore whether multivocal analysis of
the same dataset can lead to productive interactions among researchers and possible
theoretical and/or methodological developments that this may bring about, this
chapter explores whether such multivocality would have meaningful implications
for practice. Our analysis demonstrates that irrespective of the analysts’ theoretical
or methodological constructs, whether the work has pedagogical relevance depends
largely on the purpose and focus of the analysis. A meaningful analysis from the
practice perspective can be made by researchers who do not themselves generate the
data and using analytical methods that are grounded on theoretical frameworks dif-
ferent from the ones underpinning the pedagogical practice contexts from which the
data were collected. Pivotal moments that are directly linked to the subject matter
domain being studied are likely to be easily appreciated by teachers as relevant to
their practice. However, not all pivotal moments have direct relevance to pedagogi-
cal practice. Further, this preliminary study provides substantial evidence that the
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multivocality in interaction analysis can be productive in providing valuable insight
and pedagogical support to teachers interested in implementing collaborative learn-
ing in their everyday practice. Overall, we find that multivocal interaction analysis
can contribute to two types of relevance to practice: those that can inform more
immediate pedagogical decision-making and those that provide more general
insight and understanding to the processes and outcomes of learning and knowledge
building in collaborative contexts.

Chapter 36: A Dialog on ‘“Productive Multivocality”

Timothy Koschmann and Claire O’Malley

This chapter presents a reflection on the whole productive multivocality project in
the form of a dialogue between two researchers in the CSCL field who come from
different analytic perspectives. The reflections include comparisons of the project
with other attempts to bring to bear different analytic methods on common data as
well as other attempts to aggregate findings over multiple datasets. The chapter also
reflects upon the successes and challenges of the productive multivocality project as
measured against the five overarching questions that they set themselves at the outset
of the project.
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Part 11
Case Study 1: Pivotal Moments
in Origami Fractions

Section Editor: Kristine Lund,
CNRS, University of Lyon

In this section, learning fractions in a 6th grade Japanese classroom provides the
focus for three analytical approaches, each identifying moments within the interac-
tion that were “pivotal,” in a specific way, depending on the researcher’s approach.
The data consists of an English-subtitled video in Japanese of six students folding
origami paper and of one teacher monitoring their progress on the blackboard, an
accompanying transcription of their talk and gestures as well as detailed explana-
tions of how papers were folded by each child. As a consequence of our multivocal
approach, all three analysts revisited their methods and modified them in light of
discussion with the others.

Shirouzu introduces the fractions dataset in Chap. 4, entitled “Learning Fractions
through Folding in an Elementary Face-to-Face Classroom,” a dataset he collected
while visiting and teaching students twice in a remote area in Japan. In his chapter,
he clarifies the rationale behind his data selection, the design principles of the class
he taught, and the learning task he presented to the students as well as its
objectives.

In Chap. 5, entitled “Focus-Based Constructive Interaction,” Shirouzu presents
an analysis of his own dataset. His goal is to understand where the personal foci of
learners originate, what happens in the interaction once a learner focuses on, for
example, shapes or production methods, and how learner outcomes are related to
such foci. He also shows how foci and roles students take on (i.e., active task-doer
or reflective task monitor) provoke different interpretations of the objects and events
discussed during the interaction between the children. Pivotal moments center on
how foci emerge or are mobilized in the interaction.

Next, Trausan-Matu presents his analysis in Chap. 6, entitled “Collaborative and
Differential Utterances, Pivotal Moments, and Polyphony.” He identifies the seman-
tic content of “voices” and their inter-animation patterns beginning from a polyph-
ony framework that he extends to include gestures in the analysis. He considers
several dimensions: spoken dialogue, body language, the visual dimension, internal
dialogue (at an intra-mental level), and echoes. Here, pivotal moments center on
collaborative and/or differential utterances.
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The third analyst, Chiu gives us Chap. 7, entitled “Social Metacognition, Micro-
creativity and Justifications: Statistical Discourse Analysis of a Mathematics
Classroom Conversation.” He applies statistical discourse analysis to the dataset in
order to see whether recent sequences of utterances affected the likelihood of creat-
ing utterances categorized as new ideas, correct ideas, micro-creativity or justifica-
tions. Pivotal moments pinpoint where one description of activity changes to
another.

Lund wraps up Sect. 2 with her chapter called “A Multivocal Analysis of Pivotal
Moments for Learning Fractions in a 6th Grade Classroom in Japan” by comparing
the pivotal moments each analyst described using the five methodological dimen-
sions discussed in Chap. 2: theoretical assumptions, purpose of analysis, unit of
analysis/unit of interaction, data representations, and manipulation of data represen-
tations. She shows how redefining the unit of analysis and the unit of interaction in
light of other researchers’ analyses, interpreting other researchers’ pivotal moments
in one’s own framework, and comparing the semantics of and the relations between
analytical concepts all contribute to helping an analyst surpass the limits of a par-
ticular method.
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Chapter 4
Learning Fractions Through Folding
in an Elementary Face-to-Face Classroom

Hajime Shirouzu

Introduction

This chapter describes in detail a data set used for analysis by Shirouzu, Tausan-Matu,
and Chiu and discussion by Lund in the following chapters. The data set consists of
a lesson that involves six children studying the multiplication of fractions in a sixth-
grade classroom in Japan and their recall of its content after 5 months. The task for
the children was to cut out three-fourths of two-thirds of a piece of origami paper
and then discuss whether or not their solutions were the same. In summary, they
created eight solutions of five types and reached the conclusion that these solutions
were the same, because their area equaled one-half of the whole by the multiplica-
tion 2/3 x3/4. Not all of the children, however, remembered this conclusion in their
long-term recall. The three researchers analyzed the interaction that took place
during the lesson as well as its relationship to recall in the next three chapters, which
are integrated by Lund in her discussion chapter.

This section clarifies the rationale for data selection, the design principles of the
class, and its learning task and objectives. Since this is a “data” chapter, I avoid
writing my own research question or theoretical position here. This is a difficult
task, because any selection of a learning event is theory-laden. At the end of the
chapter, I attach the protocol transcribed from the lesson video, so readers may
check my potential bias in explaining the data set.

Rationale for Data Selection

We need to find “boundary objects” (Star & Griesemer, 1989; Suthers, this volume)
for collaborative analyses in order to clarify our multivocality in theoretical and
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methodological positions on learning in social settings. The boundary objects
should be related to theoretically important issues and should have thick data that
affords multiple revisits from various viewpoints.

A good candidate is the data for the whole class, which enables us to trace all
verbal and behavioral data of all children in a class through the entire lesson time.
Theoretically, such data can be analyzed from multiple viewpoints (e.g., the inter-
play between group cognition and individual cognition, cognitive trajectories of
each learner in the collaborative situation, or collective emergence of new ideas).
Methodologically, such data enables detailed analysis of every child in an exhaus-
tive way.

I found no paper meeting the criteria italicized above in The Journal of the
Learning Sciences, Cognition & Instruction, Cognitive Science or some journals on
mathematics. For example, Barrett and Clements (2003), Engle (2006), Engle and
Conant (2002), Izsak (2005, 2008), and Lobato, Burns, and Munoz (2003) included
detailed analyses of conversations or drawings but traced only some of the class
students or focused on interactions between teacher and students. In contrast, Sherin
(2002); Strom, Kemeny, Lehrer, and Forman (2001); and Wortham (2001) analyzed
the entire verbal and behavioral data of one lesson but treated students anonymously
(i.e., did not trace each student consistently through the whole lesson). Since class
size is the key for meeting the criteria, I chose a small but authentic class and tran-
scribed almost all the verbal and behavioral data of all the children.

Design Principles

We need simple but general principles to design a class so that our findings can be
related to fundamental issues. Conceptual understanding is one such issue, as its
variant, conceptual change, remains a hot theme in the learning sciences and in
CSCL (Roschelle, 1992; Vosniadou, 2008).

Japan was once famous for its lessons that promote children’s conceptual under-
standing, called elaboration lessons (neriage-jugyou) by Stigler and Hiebert (1999).
In a typical lesson, children work on a task for the day, present multiple solution
methods, and engage in discussion to build a consensus on which method is good
and why. The tasks presented at the beginning can often be accomplished by all learn-
ers by utilizing their prior knowledge, familiar procedures, or external aids at hand.
When those variations have been collected, teachers often ask children conceptual
questions to seek commonalities among them. Teachers believe that this kind of
reflection and integration helps children move from procedural knowledge of how
to do something, to declarative knowledge, and then to conceptual knowledge.

Three design principles are at work here from our learning scientists’ perspec-
tives (Miyake, 2008; Roschelle, 1992): (1) externalization of initial thoughts and
solutions, (2) sharing for reflection on those variations, and (3) integration of those
variations. Linn, Lewis, Tsuchida, and Songer (2000) also pointed out that eliciting,
exchanging, and reflecting on students’ ideas is an instructional feature of Japanese
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science education. Although whole-class consensus building discussion is believed
to lead to conceptual understanding, accumulated observations tell us that only
some of the children participate in the discussions (Sato, 2006; Shirouzu, 2008).
The issue is how individual children deepen their understanding in the discussion.
Therefore, I designed a lesson along these principles for the purpose of detailed
analysis of the issue.

Learning Task and Objectives

It is necessary to prepare a learning task that can be solved in multiple ways.
“Multiple” means not only procedurally different but also differing in the degree of
abstraction (e.g., being solvable diagrammatically as well as algorithmically). Such
a feature enables us to observe two things: how children produce different solution
methods and reflect on those variations, and how they change their methods as they
develop an understanding of the task through reflection.

The task I used here is a simple fraction calculation, cutting out three-fourths
of two-thirds of a sheet of origami paper, following the classic example of de la
Rocha’s cottage cheese problem (Lave, Murtaugh, & de la Rocha, 1984). A dieter
in de la Rocha’s case responded to a recipe calling for “three-fourths of two-thirds
cup of cottage cheese” by taking two-thirds cup of the cheese, flattening it into a
uniformly thick circular disk on a cutting board, and drawing a cross on it with his
finger so that he could save the desired amount by discarding the quarter. He never
verified his procedure with a written algorithm, which would have produced
3/4x2/3 cup=1/2 cup. Thus, this task can be solved with external materials and
many different strategies, one of which relies solely on internal cognitive resources
(algorithmic knowledge).

This dieter’s action provoked two contrasting reactions: one viewed it as human
active use of external resources (Brown, Collins, & Duguid, 1989; Pea, 1993) and
the other as human passiveness to available methods, suppressing retrieval of even
simple mathematical knowledge (Palinscar, 1989; Salomon, 1990; Wineburg,
1989). However, a closer inspection of the dieter’s solution process suggests that he
was not passive but an active user of external resources. The dieter first measured
two-thirds cup of cheese and then laboriously removed it from the cup and made a
circular disk so that he could divide it into four equal parts. The representation of
the cheese as two-thirds of the cup was transformed to a “one-as-a-whole” disk.
Thus, he utilized the intermediate result and re-represented it in the external world,
which made completion of his first solution step clearer and made it easier for him to
initiate the second step and verify its progress. In this sense, the dieter used external
resources actively, with the proto plan of dividing the overall task into simpler
subtasks to obtain the secondary amount of “three-fourths of two-thirds cup” and by
interactively actualizing the plan in the external world.

In this study, I did not use cheese but rather a square sheet of origami paper for
three purposes. First, I gave a sheet of paper to each child to observe how he or she



66 H. Shirouzu

solved this problem. Second, if the children used external resources to solve it, such
actions would leave traces on the external world including origami paper so that
each child could compare the intermediate and resultant solution states with the
original state on his or her origami paper. This was impossible for the dieter in de la
Rocha’s study, since the original state of the whole cup ceased to exist when he
moved the cheese onto the cutting board. Third, since each child was given a piece
of paper, the children could compare their solutions.

The learning objective of using this task was to connect the children’s hands-on
experience to algorithmic knowledge to deepen their understanding of fraction mul-
tiplication. This objective could be divided into three sub-objectives:

1. Notice that the commonality among various solutions is the area.

2. Notice that the area is one-half of the whole, no matter how different their solu-
tions look.

3. Explain it diagrammatically (e.g., by comparing the answer with the cut-out por-
tion), or explain it algorithmically by fraction multiplication.

Meeting these objectives enables children to understand various things (see
Izsdk, 2008 for potential of this task for fraction learning). For example, the phrase
“three-fourths of two-thirds” means fraction multiplication of “2/3x3/4.” This
operation involves taking three-fourths out of two-thirds of the whole. The resultant
area can also be acquired by taking two-thirds of three-fourths (the commutative
law of multiplication). In this sense, the global objective can be the single one stated
above; however, the children were allowed to notice various things, reach their own
conclusions, and even express freely what they learned from their experiences. In
this study, I led the children’s discussion toward the objectives above, yet allowed
them to solve the task and express their thoughts freely, and examined what emerged
from such solving activities and discussion. I also collected long-term recall data of
the lesson to see how each child memorized it, since such recall often leads to
understanding the individual learner in a collaborative situation (Hatano & Inagaki,
1991; Miyake, 1986).

Method

The data comes from a sixth-grade classroom in a remote school in Japan, which had
a total of seven children. The seven children had been brought up together from the
first grade (age 6) in the same class; they knew each other very well and were able to
express their opinions freely. They had already mastered fraction multiplication.

I visited there twice with a 5-month interval as a teacher to give two lessons, both
of which were recorded by video and audio recorders for analyses. One boy was
absent from the first lesson, so there were six children: two females (G and K) and
four males (F, N, O, and Y; all pseudo-initials), seated around a teacher’s desk
(Fig. 4.1). I conducted the lesson on the first visit and collected recall data on the
second visit.
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Fig. 4.1 Image of the class: Six children, teacher, and blackboard at the end of the lesson

I prepared three activities, solving, sharing, and comparing, for the first lesson,
according to the design principles above. I planned to ask all children to solve the
task of cutting out 3/4 of 2/3 of origami paper at least once in the solution activity,
to share their solutions by oral explanations with some demonstrations in the shar-
ing activity, and to discuss whether their solutions were the same in the comparison
activity. I sought to collect variations from all the children and to spend much time
on sharing and comparing them with multiple chances to reflect on the solutions.

After 5 months, I asked the same children at the beginning of the second class to
write down anything that they remembered about what happened in the first class.
The question was printed on an A4 sheet of paper, with another question asking what
mathematics unit they liked. Five minutes were devoted to this inquiry. After this,
I debriefed the aim of the first lesson, explaining the origin of the task, situated theory
of cognition, transfer of knowledge, and role of abstraction including mathematics,
because the higher objective of the two lessons was to introduce cognitive science to
children by taking advantage of their hands-on experience in the first class.

Results

In this section, I summarize the overall process of the first lesson, report results of
recall in the second lesson, and then describe the first lesson in detail.
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Table 4.1 Correspondence among phase, leaning activity, and design principle

Phase Learning activity Design principle
Phases 1 and 2 Solving and sharing Externalization and sharing for reflection
Phases 3 to 7 Comparing Integration

Brief Synopsis of the Lesson

The author, acting as a teacher, began the lesson by distributing sheets of origami
and scissors and inviting the children to cut 3/4 of 2/3 of the origami paper. All
children gathered around the teacher’s desk closely enough to see each other’s use
of the origami paper. Two children, G and N, initially took the lead in solving the
task. After the two presented their equivalent solutions, I wrote them on the black-
board, asking for Child N to explain his solution process and share it with the others.
I also presented that process on the board with extra origami paper (the lesson up to
this stage is referred to as “Phase 17). In response to the teacher’s comment that
there might be other solutions, all six children successively solved the task and
explained their solutions. Everyone used external resources, i.e., origami paper, to
solve the task, but their ways had rich variety as shown later in Fig. 4.3 (Phase 2). I
exhibited a total of eight solutions on the blackboard and asked whether they were
all the same. No child responded to that question clearly (Phase 3). I made a paired
comparison of two selected solutions a total of five times. The children verbalized
responses to the comparisons, such as “exactly the same,” “although the production
methods differ, the shape is the same,” and “though areas are the same, the shape
and production method differ.” I noted these commonalities on the blackboard, ask-
ing what the same was consistently, and obtained the response “area” (Phase 4).
When asked, Child Y indicated that the areas of the solutions were one-half, explain-
ing his reasoning using congruity. However, he withdrew this explanation in spite of
others’ consent (Phase 5). Then, Child Y tried again to explain why all answers
were one-half by fraction multiplication. All the other children concurred with this
explanation (Phase 6). I judged that the explanation by congruence was insufficient
and asked if the solution obtained from the origami and the 1/2 derived from a cal-
culation could be connected by an equal sign. This question was aimed at challeng-
ing their understanding of the commutative law. However, it was left as homework
for the next class since we ran out of time (Phase 7). The class took 50 min in total.

The seven phases roughly include the three activities presented in Table 4.1.
About 30 min was spent in Phases 1-2 and about 20 min in Phases 3—7. As you see
in Table 4.1, the latter activity of less time was divided into more phases than the
former ones, since it had qualitatively different components.

A transcript was prepared from the videotape (see the Appendix). Each line rep-
resents an utterance spoken in one breath or an important action taken. Lines are
numbered from the beginning (1) to the end (584). For analysis of the following
chapters, video data was supplied and the Japanese was translated into English
and synchronized with the video as subtitles. Drawings of each student’s folded
origami solution were also provided.
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Table 4.2 Contents of reports

Y We made 3/4 of 2/3 using origami paper. Then the 2/3 x 3/4 made 1/2, and we thought why it
resulted in 1/2.

Various types of 1/2 of origami paper were made. We thought why 2/3 x3/4 equals 1/2.

3/4 of 2/3 of origami paper was expressed by shapes. We thought what is “=."

What is the shape of 3/4 of 2/3 of colored paper? Are various shapes produced the same or not?

To solve the problem of dividing origami paper into 3/4 of 2/3, we folded it into 2/3 and then
3/4 of 2/3. Various shapes were obtained.

Origami paper was used and folded to find 2/3 and 3/4.

czZzaRr

sy

Report After 5 Months

While the children seemed to be of one voice at the end of the Phase 6, the report 5
months later revealed individual differences among the children in their memory of
the gist of the lesson. Table 4.2 presents the literal contents of every child’s reports.

Detailed Description of the Lesson

Here, I describe children’s speech and actions phase by phase by referring to the line
numbers of the transcript.

Phase 1

Lines I to 42. Children were asked to solve the task of obtaining 3/4 of 2/3 of ori-
gami paper using provided origami paper and scissors by oral instruction that was
also written on the blackboard. Children N and G reacted to it and completed their
solution (lines 7-40). Their solutions happened to be the same (Fig. 4.2). They fol-
lowed the instructions literally, cutting out the two-thirds part and then cutting
three-quarters of it.

Lines 43 to 127. The teacher asked N, who turned in the answer first, to explain his
solution to others, displaying it by new sheets of paper and some notations on the
blackboard as shown in Fig. 4.2. The rest of the children listened to his explanation,
including Child G, who indicated that she shared the same procedure with N by
nodding in response to the teacher’s question (line 93).

Phase 2

Lines 128 to 201. The teacher then encouraged all children to tackle the task, saying
“there is more than one correct solution ... Although N and G solved the problem
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Fig. 4.2 Blackboard at line 127: Display of N’s and G’s solutions
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in this way, there may be other solutions” (lines 130-137). All six children succes-
sively solved the task in various ways.

Figure 4.3 represents all the solutions obtained during the lesson in a simplified
manner, indicating folds by bold lines and cuts by detached rectangles. Let me
explain the diagram with N’s first solution as an example. It is represented as “N’s
first” path from an original square in the leftmost column, to the midpoint where
some parts are cut out, and lastly to the resultant state represented by shading.
The length of the arrow roughly corresponds to the efficiency of the solution steps.
Next, I will describe each child’s solution process in detail.

Child N: He changed his approach from the first trial by making a right-angled turn
to fold the second step (see N’s first and N’s second in Fig. 4.3).
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Child G: She also changed her approach by folding the paper into sixths, opening it,
and then cutting out three-sixths. This solution was more efficient than her first one, as
represented by the length of its arrow in Fig. 4.3. However, she hesitated to turn in her
solution, taking time to look at the solutions on the blackboard and K’s solution
approach next to her, as if to confirm the correctness of her solution (lines 151-182).

Child O: He solved the task in the same way as N’s and G’s first ones without noticing
it at this point (see line 236).

Child F: He first failed to find a solution but then completed it when supported by
other children (lines 273-308).

Child K: She inverted the order of fractions of the task into “2/3 of 3/4,” the solution
of which essentially did not require the extra folding after cutting the three-quarter
part because the two-thirds was already there in the creases (Fig. 4.3). Child K,
however, did not appear to realize it, folding the part again helped by a teacher in
charge (thus, the length of her solution process was the same with others’ two-step
solutions in Fig. 4.3).

Child Y: He had planned to solve the task in the same way as N’s second solution
(lines 140-167) but happened to notice at the midpoint that he did not have to fold
the “2/3 rectangle” into fourths and instead only had to fold it into halves to take the
3/4 of 2/3 area (lines 168—178). At line 172, he was helped by Child N to complete
the final step, taking one-fourth from the 2/3 rectangle. Figure 4.4 illustrates his
actions, gestures, and origami states through this process. Numbers mean line num-
bers, shaded cells highlight his shift between two solutions, and thick bars mean
pauses longer than 5 s.

Lines 202 to 405. The teacher asked all children to explain their own solution.
A total of eight answers of five types (the shaded areas in Fig. 4.3) were posted on
the blackboard with their solution processes as shown in Figs. 4.1 and 4.5.
The answers differed from each other in shape or production method, providing the
class with rich variations.

In explaining the solution, each child clearly expressed the features of his or her own
method. Child Y articulated that he had obtained the three-fourths from the “2/3 rect-
angle” by folding it only once (lines 205-211). After some pause, Child O admitted
that his solution was the same as the N’s and G’s first ones (line 236). Child N said that
his was the same as the first solution until the mid-step but diverged from there (lines
243-256). Child K (lines 328-341) mentioned that she made “3/4” first and then *“2/3
of it.” Child G said that she reflected on her first solution and folded the paper into
“han-bun (everyday expression of one-half)” of sixths from the start (lines 368-394).

Phase 3

Lines 406 to 437. The teacher asked the children to discuss whether the answers were
all the same, but their responses were slow and no clear answer was obtained. The
teacher changed how to express question three times but failed to foster discussion.
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Origami State

Y's Actions and Gestures

Origami State

Y's Actions and

140- 164
[Hesitates, glances at the blackboard, ] [Folds 2/3 vertically in half.]
[and starts to fold thg origami paper [Folds it in half while thinking
into three equal portions.] and then opens it]
[Slowly divides the paper into three equal parts.]
147 165
[Opens tl}e origami paper (Opens]
to fold it neatl! .
(soastofolditneatly)] [and looks the four pieces doubtfully.]
147 —
[and divides it into three equal parts again.] 167
[Attempts to fold 2/3 in half]
149
[Divides the origami paper into three equal parts
and leaves them as they are.] 168~
[Cuts 1/3 and places it on the thighs [and then stops.]
while leaving 2/3 as it is.] [Looks at the blackboard]
[Looks at the blackboard
and inclines his head.]
160 —
[Halves 2/3 into 1/3,]
— |
170
[Folds it in half at a dash while inclining head;
N is watching.]
161
[Touches one-fourth from the bottom.]
[Attempts to fold by turning outside in
by his both thumbs.]
172-
[Opens.]
[Attempts to cut off the lower right 1/4 part
and peels it off]
[Slides his both index fingers (at the same time, N's hand extends
to one-half position.] and appears to point the upper left 1/4 portion)
[Attempts to fold, but...] [Sees N's face and nods each other]
176
[Cut the lower right portion by scissors.]
[Opens.]
[Looks at the blackboard steadily.]
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Fig. 4.5 Blackboard at line 405: Display of all children’s solutions
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Table 4.3 Paired comparisons and commonalities found

Solution 1~ Solution2 ~ Commonality and difference

N’s first G’s first “The same.” (Lines 448)

N’s first G’s second  “Although the production methods differ, the shape is the same.”
(Lines 457-459)

N’s first N’s second  “Though areas are equal, the shape and production method differ.”
(Lines 473-476)

N’s first K’s “Although the shapes are the same, the production methods differ.”
(Lines 481-482)

N’s first Y’s “Although the areas are the same, the shapes and production methods

differ.” (Lines 488)
Solution 1 and solution 2 mean solutions paired; see Fig. 4.3 for their details

Table 4.4 Conversation at third paired comparison: first reference to “areas”

Time Line Speaker Speech and action
35:58 469 T What do you think of N’s two solutions? [Places N’s two solutions on
the teacher’s desk.]
470 'Y [Moves toward the teacher’s desk by further raising his hip.]

471 Anonymous [Whispers] The shapes differ.

36:14 472 Y Differ [with clear voice]
473 Y though areas are the same [with low voice]
474 G Though the areas are the same
475 T Yes
36:20 476 G r the shapes and production methods differ.
K | The shape and production methods differ.
N L The shape and production methods differ.
Phase 4

Lines 438 to 489. The teacher finally resorted to “paired comparison,” that is, let-
ting the children compare two pieces of the paper like N’s first solution and G’s
second one. Repeating this five times in total provided a scaffold that enabled the
children to compare the variations and see commonalities among them as shown
in Table 4.3.

As you see in Table 4.3, the abstract commonality “area” first appeared in the
third comparison. Table 4.4 transcribes the scene. Child Y was silent up to this point
during the comparison activity but approached the desk at line 470. After the other
children had responded (line 471), he said “areas are the same” in a low voice (line
473). Child G immediately followed this verbalization (line 474).

Lines 490 to 499. The teacher visualized the results of the comparisons and wrote
commonalities on the blackboard (Fig. 4.6). When he asked, “What among these is
constant?” (line 495), children said first quietly but then loudly, “the area” (lines
496-497).
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Fig. 4.6 Blackboard at line 495

Phase 5

Lines 500 to 534. When asked “How large is the area?” by the teacher, Child Y
clearly answered “2-bun-no-1 (algorithmic expression of one-half).” He attempted
to explain it by mating the portion of origami paper representing the answer to the
rest of G’s second solution, saying “This (the answer) and this (remaining part)
return to the original form when they are put together in this way, so I think it is
probably 1/2.” However, he withdrew that idea despite consent from Children G and
K (lines 500-519).

Phase 6

Lines 535 to 548. Finally, Y explained that all answers are 1/2 by the following
calculation (lines 536-546): “Another (explanation) is, when these two (fractions)
are multiplied, I think that the ratio (of the answer) to the whole can be obtained.
When 2/3 is multiplied by 3/4, the product is 6/12 and it is equal to 1/2 after being
reduced, all (answers) are 1/2 of the whole.”

He took the floor from the teacher and asked the other children, “What do you all
think?”’(line 547) The others answered, “OK” (line 548).

Phase 7

Lines 549 to 584. The teacher resisted their jump from externally driven reasoning
to an algorithmic one. For example, the teacher sought to let them back up their own
explanation by using “a core square” of 1/12 area to demonstrate that every shape
has six of them. The lesson time, however, ran out.
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Conclusion

I hope this description has given you some sketch of the data set and can serve as a
boundary object. In sum, the children solved the task in various ways and appeared to
change their understanding of the task through discussion, but whether, how, and why
the change took place should be explained. The following chapters will tackle this.

Appendix

This section shows the transcript in the form that it was originally shared, with
analysts Trausan-Matu and Chiu and discussant Lund (cf. Table 4.5). Section
authors use line numbers when referring to their analyses.

Table 4.5 Transcript provided by Shirouzu and shared with analysts and discussant

Time Line Person Talk/action Blackboard
START 1 T Here we have a piece of origami paper, a
0:00 pencil, and a pair of scissors.
[Showing them.]
T What I want you to do is ...
3 T to use these to make three-fourths of “To make 3/4 of
two-thirds of this origami paper. 2/3 of this
[Writing on the blackboard.] origami paper.”
0:27 4 T Can anybody do that? [Putting tools on
the teacher’s desk.]
0:30 5 N Can I?
6 T Oh, you need this? [Handing a piece of

origami paper to N.]

7 N [Starts to fold the paper into a rectangle
of one-third of the total area.]
8 F Of two-thirds ...
9 G Of two-thirds ...
10 K Three-fourths.
1:00 11 T Ummm? Do you want to try? [Slides a
piece of origami paper in front of G.]
12 F How about you? [Slides his hands toward
G and K.]
13 G [Acts like folding the paper into a
rectangle.]
F Two-fourths of two-thirds.
14 F Huh? [Reaches toward the paper but stops.]
N [Still folding the paper.]
15 F Mm, of two-thirds.

(continued)
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Table 4.5 (continued)
Time Line Person Talk/action Blackboard

16 K Three-fourths of two-thirds. [Speaking to

G.]
17 G [Touching the paper.]
F Ah, three. [After hearing K.]

18 G Can I use a pair of scissors?

N [Opening the folded paper of one-third

area.]
19 T Of course.
1:30 20 N [Folds paper into one-third area again.]
21 N [Takes the pair of scissors in front of G.]
2:00 22 G [Neatly folds the paper into a rectangle of
one-third area.]

N [Cuts out a two-thirds area, leaving the
other one-third area on the table.]

23 G Three-fourths of two-thirds, right?
[Speaking to K as if to confirm.]

24 G I do not need this part. (One-third area.)

25 G N, lend me those. [Reaches toward the
scissors. ]

26 F [Gets the scissors in front of N and slides
it toward G.]

27 G [Cuts out a two-thirds area, leaving the
other part on the table.]

N [Folds the cut-out part of 2/3 area into
one-fourth, opens it, and waits for the
scissors. |

28 N [Cuts out 3/4 of the precut part, leaving
the remaining part on the table]

G [Folds the cut-out part of 2/3 area into
one-fourth, opens it, and waits for the
scissors. ]

F [Looking around N’s hands.]

29 N [Puts his answer on the table.]

30 N [Touches three cut-out parts on the table
one by one.]

31 G N, lend me those. [Reaches toward the
scissors. ]

N [Handing the scissors.]

32 N [Slides the answer slowly to T.]
2:47 33 T Okay? [To N]
34 T Have you finished?
35 T Thank you. [Takes N’s solution and holds
it in the air.]
36 T Let me take this too. [Pulls N’s remaining
part to him.]
G [Cuts 3/4 and places 1/4 on the desk.]

(continued)
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Table 4.5 (continued)

Time Line Person Talk/action Blackboard
37 G [Joins 1/3 and 1/4 (of 2/3) and then
overturns them so that the colored
side is up.]
383 G [Simultaneously slides the answer as well

as 1/3 and 1/4 (of 2/3) forward.]

39 T Which one? [Confirms the answer that G
wants to submit.]

40 G [Pushes the answer slightly forward.]

3:00 41 T Is it this one? [Pulls the answer.]
42 O [Has not touched the origami paper yet.]
Y [Has not touched the origami paper yet.]
3:10 43 T [While picking out N’s answer] Because ~ Posts N’s and G’s
this is the first answer. answers to the
left of the
center.

4 T Then, this is the completed one.

45 T Because it is special, let me know your
name.

46 T What is your name?

47 N Yes, my name is N.

48 T [Looks back and takes a glance while
recording N’s answer on the
blackboard.]

49 T Then, let’s record this as N’s answer.

Anonymous [Laugh.]

50 T [Picks up the remaining parts from the Puts on N’s and G’s
desk and posts them on the remaining parts
blackboard.] to the right of

their respective
answers.

51 T What is your name?

52 G G.

53 T Then, let’s record this as G’s answer.

4:06 54 T Well ...

55 T [While indicating the answers with both
hands at a position slightly apart from
the blackboard.]

56 T This has been completed.

57 T You gave me this one. If the answer alone
is displayed,

58 T other children may not understand how
this was produced.

59 T N, you gave the answer first,

60 T so please explain how you made it.

[Hands a new piece of colored
origami paper to N.]

(continued)
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Table 4.5 (continued)
Time Line Person Talk/action Blackboard
N May I fold this? [Confirms the requested
task.]
61 T Yes.
62 N First, using this origami paper,
63 T Yes.
64 N I fold this into three parts
65 N so that the three parts overlap. [Starts to
fold it.]
4:48 66 T Then? [Folds another piece of origami
paper into 2/3 on the teacher’s desk.]
67 N Then I [open],
68 N well ...
69 N from whichever end
70 N I cut the portion up to the second line as
viewed from this side. [Folds to 2/3.]
71 T Yes.
72 N Then,
73 N I fold this cut-out portion.
74 T Yes.
N [Glances toward the blackboard.]
75 N I next fold it again like this [folds 2/3 in
half]
76 N and
77 N fold it into half again. [Folds 1/3 into half.]
78 N [Opens 2/3.]
79 N Then
80 N this piece can be divided into four,
81 T Yes.
82 N and from these four pieces,
83 T Yes.
84 N the fold comes to the third position
85 N from the end,
86 T Indeed! [Snaps fingers.]
87 N then [glances at the blackboard]
88 N 3/4 of 2/3 has been obtained.
5:43 89 T Yes, indeed.
G [Whispers to K with smile.]
N G [Shows that her answer is the same by
attitude before being asked by T.]
91 T [Looks back while putting up N’s
answer. |
92 T Is it the same?
93 G [Nods explicitly.]
9 T hh
95 T Now look at how they got the answer.
9% T Well, did you fold the origami paper

(continued)
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Time Line Person Talk/action Blackboard
6:05 97 T into three equal parts?

98 T After folding it into three equal parts, Posts the green
origami paper
folded to 1/3 to
the left of the
N’s answer.
Writes “1/3”
below it.

99

100 T did you fold 1/3 in this way?

101 T In this way?

102 T Or, in this way? [Confirms the direction

of folding.]
103 T Don’t you care about it?
104 T In this way?
N [Nods.]

105 T Then, this is the 2/3 part. Places 2/3 of the
pink origami
paper to the
right of the
above answer.
Writes “1/3”
below it.

106 T After folding to 2/3,

107 T [Draws 3/4 of 2/3 as made by N.]

108 T did you cut 2/3

109 T and fold it into four equal parts?

110 T Then,

11 T you cut it into four narrow strips. Posts 1/4 of 2/3 of
blue origami
paper.

Writes “dividing
into four equal
parts.”

112 T And then,

113 T there is no place for G. [Moves G’s answer.] Moves G’s answer.

114 T Let’s record as collaboration. Writes “N’s and
G’s answers”
above it.

115 T Then [folds 2/3 of a new origami paper

into four equal parts and opens it]

116 T [Another teacher (Teacher H) brings a

magnet.]

117 T Open it in this way

118 T and cut it [while bringing it to the

blackboard]

119 T this is a 3/4 of 2/3.

120 T Thank you.

(continued)
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Time Line Person Talk/action Blackboard
121 T This piece was obtained by cutting these ~ Puts on 2/3 of 3/4
three parts. of yellow
origami paper.
Marks “3/4 of 2/3.”
122 T This is 3/4 of 2/3.
123 T This one can be obtained. [Moving the Puts on 1/3 next to
1/3 part.] the answer in
yellow.
124 T Another one can be obtained. [Moves Posts 1/4 next to
1/4.] the answer in
yellow.
125 T [Drops 1/4.]
126 T These are the discarded pieces, aren’t Connects the pieces
these? including the
rest part to N’s
and G’s first
answers.
127 T Then, G’s solution is the same.
9:22 128 T Then,
129 T I said today that
130 T there is no correct solution.
131 T This means that
132 T this (task) has not
133 T yet been completed
134 T [while touching the blackboard].
135 T 3/4 of 2/3.
136 T Although N and G solved the problem in  Underlines the
this way, history of paper
folding.
137 T there may be other solutions.
138 T Now then,
9:42 139 T I would like to ask you who did not do it
before to try now. [Distributes colored
origami papers to all children.]
9:50 140 G [Folds the origami paper into three equal
parts and folds to the half to obtain a
1/6 part.]
K [Folds the origami paper to the half
immediately and then folds it into four
equal parts.]
N [Folds paper into 2/3 and folds the opposite
side to 2/3 to divide the origami paper
into three equal parts and then opens it.]
O [Folds the origami paper into three equal
portions.]
Y [Hesitates, glances at the blackboard, and

starts to fold the origami paper into
three equal portions.]

(continued)
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Time Line Person Talk/action Blackboard

Anonymous [Looks like starting at a dash.]

141 G [And opens it fully.]
K [Appears to look at the instruction on the
board.]
10:05 142 G [Folds the origami paper neatly to the half

and folds its 1/3 (presumably aligned
with the fold already produced).]

K Please lend them to me. [Waits the scissors
by patting N’s shoulder across F.]
F [Folds into 2/3 after attempting to fold

three times.]

N [Cuts the 2/3 portion and removes 1/3 by
hand.]

O [Opens to 2/3.]

10:10 143 G [Opens.]

F [Opens paper and turns it over.]

N [Places the scissors down; K picks it up.]

O [Folds to 2/3 carefully.]

144 F [Folds 2/3 in half to align with the folds
for 2/3; produces folds for dividing it
into three equal parts.]

10:15 145 G [Counts six folds by her finger.]

K [Receives the scissors, cuts 3/4, and
places 1/4 on the desk.]

F [Opens.]

N [Divides 2/3 vertically into four equal
parts.]

(0] [Divides into three equal parts and then
opens it.]

Y [Slowly divides the paper into three equal
parts.]

146 F [Appears to look at the instruction.]

10:25 147 G [Divides into six equal parts again.]

K [Places the scissors. G takes the placed
scissors. ]

F [Turns the paper over and divides 2/3 of it
into four equal parts.]

N [Opens the paper and looks at it.]

(6] [Laughs at failing to take scissors; keeps
the paper as 2/3, as if intending not to
forget the state of 2/3.]

Y [Opens the origami paper (so as to fold it
neatly) and divides it into three equal
parts again.]

10:35 148 [By taking the scissors earlier than N]

[Holds the 3/4 portion lightly]
[While pointing to a fold on the origami
paper.]

™R Q

(continued)
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Table 4.5 (continued)

Time Line Person Talk/action Blackboard

N [Attempts to take the scissors but taken
by G first.]
149 G [cuts 3/6 and places the rest part on the
desk (finished the task most early).]
Y [Divides the origami paper into three equal
parts and leaves them as they are.]

10:40 150 Teacher H  Let’s bring your own scissors.

G [Finished by drawing the chair (gives a
glance to N’s hand).]

K [and folds 3/4 into three equal parts again.]

F [Turns the origami paper round and
round, while muttering] of thirds ....

N [Stands up and attempts to take his
scissors.]

(0] [Attempts to take scissors]

Y [Goes to get scissors]

10:50 151 G [Picks up two of her own portions and
compares them.]

K [Folds the origami paper slowly into three
equal parts.]
F No. Wrong.

11:00 152 K [Opens the origami paper, holds it in the
air, and looks at it with the hands
placed on the face.]

F No. Wrong.
N [After returning, quickly cuts 3/4 of 2/3.]

11:05 153 G [Folds one side only neatly.]

K [Glanced by T.]

N [First, holding the solution by hand]

O [but returns without scissors.]

Y [but returns without them, ]

11:10 154 T [To K] What happened?

K [Stopping.]

N Completed. [Submits it together with the
remaining part.]

O [Scissors on the teacher’s desk is taken
by Y.]

Y [and takes scissors from O.]

155 T [Receives N’s solution, though not

noticed yet.] Oh!

Y [While holding scissors between thighs, ]

11:20 156 T This is N’s second solution.

G [Picks up two pieces, places one of them,
and retains it with a finger.]

K [Stops her hand, and scratches her hair.]

F You have finished quickly! [To N]

(continued)
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Time

Line Person

Talk/action

Blackboard

11:30

11:40

11:50

11:55

12:05

12:15

157

158

159

160

161

162

163

164

N

4T a~<o

—

< Oz Q <OTMAR<KTR Q<

oOzZTROQOQ

[Falls on the teacher’s desk in a waiting
posture. ]

[Stands up again and goes to get scissors.]

[folds 2/3 again.]

You made so quickly. [To N]

[Slightly distracted.]

[Asks K] What happened? [While
pointing out her hand.]

[Puts N’s solution on the blackboard.]

Let’s take scissors. [Stands up, goes to
take scissors,]

[Overturns the origami paper and divides
it into four equal parts.]

[With no scissors at hand, using the
scissors on the teacher’s desk,]

[Cuts 1/3 and places it on the thighs while
leaving 2/3 as it is.]

[cuts 2/3 and drops 1/3 on the teachers
desk.]

[Halves 2/3 into 1/3, ]

[Compares own solution with that on the
blackboard.]

[Thinks deeply.]

[touches 1/4 from the bottom of 1/3,]

[and returns.]

[Thinks deeply.]

[Folds the 2/3 part into four equal parts]

[and opens the origami paper in the middle
of raising the finger to the half]

[Compares own solution with that on the
blackboard (seemingly not confident
in her own solution this time)]

[Thinks deeply.]

[Looks at O’s solution.]

[opens it, glances at the blackboard,]

[Looks at the blackboard steadily.] [Folds
2/3 vertically in half.]

[Looks at K’s solution.]

[Stopping and G looks at it.]

What is this?

[Looks at O’s solution.]

[cuts off 3/4,]

Posts N’s second
answer on the
lower left
midmost.
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Time

Line Person

Talk/action Blackboard

12:20

12:30

12:35

12:40

12:45

12:50

165
166
167

168

169

170

171
172

173

Y

TR QA KK

=< Oz

~Q <zrRax O

< Z

[Folds it in half while thinking, then
opens it,]

[and looks the four pieces doubtfully.]

[T steals a glance.]

[Asks K] What happened?

[Returns to look at own hands.]

[Stopping.]

[Thinks with hands on chin and looking
at the desk.]

[Looks at O’s solution.]

[and after cutting,]

[Attempts to fold 2/3 in half and then
stops.]

[Touches the solution.]

[While stopping, teacher H looks at it
across her shoulder.]

[Follows O’s solution with eyes while
raising his right hand slightly and
seemingly wanting to intervene O.]

[submits both 1/3 and 1/4 of 2/3 (seeming
slightly unconfident).]

[Looks at the blackboard.]

[Touches the solution.]

[Teacher H advances by one step.]

[Looks at Y’s solution.]

[Looks at the blackboard and inclines his
head.]

[Looks at K’s solution.]

[Teacher H looks at it by hanging out his
body.]

[Looks at O’s solution.]

[Folds it in half at a dash while inclining
head; N is watching.]

[Opens.]

[Teacher H looks at it by hanging out his
body.]

Then, let’s assume

[Appears to point the upper left 1/4
portion of Y’s solution.]

[Attempts to cut off the lower right 1/4
part and peels it off (at the same time,
N’s hand extends and appears to point
the upper left 1/4 portion).]

[Teacher H looks at it by hanging out his
body.]

this portion does not exist.

(continued)
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Time Line Person Talk/action Blackboard

N [Nods to Y while looking at each other.
Takes the 1/3 portion cut by Y to the
teacher’s desk.]

Y [Looks at each other and nods.]
174 F Well.

Y [N brings 1/3 (already cut-out part) to the

teacher’s desk.]
175 F Oh, this is wrong.

12:55 176 G [Picks up two pieces and, after looking at
the blackboard, places one of the
portions on the teacher’s desk.]

K Oh? [while rocking her legs]

F It seems understandable but is really not
understandable [while repeating
folding].

N [Leaving from Y a little]

Y [Cut the lower right portion by scissors. ]

13:05 177 K [holding scissors by hand]

F This, this point ...

13:10 178 G [Looks at the scene where teacher H
extends his hand.]

K [Teacher H extends his hand and points
out one portion of the origami paper.]

F This is the point.

N [Places the solution cut by Y on the
teacher’s desk.]

Y [The 1/6 part sticking to the scissors was
brought to the teacher’s desk as it is.
The solution was submitted by N.]

13:15 179 K [Cuts 2/3 and drops 1/3 on the desk.]

F First what of thirds?

180 F First what of fourths?
181 F No? [Scratches head.]

13:18 182 T Is that OK? [To G]

G [Submits the solution—T receives the
answer and rest part.]

Y [Laughs together with O while pointing
to the blackboard (Laughed about the
way of folding?).]

13:25 183 F Oh, I can’t understand.

K [Submits the solution—T receives the
answer and rest part.]

184 T Yes [to K].

F Well ...

13:45 185 F 4/3 or 3/4? [N attempts to intervene by
chance.]

13:55 186 T You may do (your work) late [to F].

(continued)
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Time Line Person Talk/action Blackboard

14:00 187 F Oh no! [being puzzled]

188 F Well ...

14:10 189 T [Attempts to touch F’s origami paper.]

190 T How far