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In this article, we advance a methodology for capturing and tracing the emergence,
evolution, and diffusion of a practice, conceptual understanding, resource, or stu-
dent-constructed artifact. The Constructing Networks of Action-Relevant Episodes
(CN-ARE) methodol ogy allowsresearcherstoidentify relevant datafromacomplex,
evolving environment, and then to organizeit into aweb of action that can illuminate
the historical development (evolving trajectory) of the phenomenon of interest (e.g.,
conception of an eclipse, applications of a mathematical formula, an evolving stu-
dent-constructed Website). To accomplish thisend, experiencesare (a) sectionedinto
action-relevant episodes (ARES), (b) parsed down to codesin adatabase, and (c) then
represented as nodes in anetwork so that the historical development of the particular
phenomenon of interest can be traced. The CN-ARE methodology is especially use-
ful for researchers interested in carrying out design experiments in which research
findings with respect to one iteration of a course are cycled into the design of future
courseinstantiations. In addition to setting the context and providing atheoretical ra-
tionae for the CN-ARE methodol ogy, this discussion includes an in-depth descrip-
tion of the methodol ogy along with itsapplication to datasets. Following these exam-
ples, we close with a discussion of the scope and limitations of this methodology,
touching on issues of trustworthiness, credibility, and usefulness.
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Drawing primarily onthelearner-as-processor metaphor, thereisalong tradition of
methodological practices for assessing the learning process (e.g., Sax, 1989;
Wittrock & Baker, 1991). Dueto thefact that the assumptionsto thisapproach start
withthestudent’ smind asunit of analysis, “ attemptsare madeto control rather than
measure the information within the testing environment and questions are rarely
asked regarding the interaction between the agent and environment at the time of
assessment” (Y oung, Kulikowich, & Barab, 1997, p. 135). Giventheindividual or,
more specifically, the mind of the individual as unit of analysis these traditional
methods appear to deal more or less adequately with capturing the phenomena of
paradigmaticinterest (Brown, 1992; Schoenfeld, 1992). However, asone movesto
adistributed perspective it is the complex and dynamic intersection of individual,
environment, and activity over timethat constitutes the unit of analysis. The focus
is on learning and knowing in practice, not on some hypothesized reification of
practice.

Over the last severa years we have been developing rich, project-based learn-
ing environments and, reciprocally, researching learning asiit takes place in these
classroom contexts (Barab, Hay, Barnett, & Keating, 2000). We have devel oped
interview techniques to probe deep understanding (Keating, Barnett, & Barab,
1999), thought experiments to assess the fragility of knowledge (Barab, Hay,
Barrett, & Squire, in press), and even built rich case studies of learning groups
(Barab, Hay, & Squire, 2000). However, a central methodological concernin our
research hasbeen how to capturethetrajectory of learning asit unfolds over the se-
mester-long courses. In other words, rather than describing students' ready-made
knowledge at the end of the course we have been interested in tracking knowing in
the making asthe course unfolds. In fact, from our situated perspective, the notion
of knowledge existing as a thing that can be assessed apart from the learning con-
text becomes suspect.

From a situative perspective, assessments and methodol ogical approaches that
focus solely on the individual learner are necessarily limited, and will fail to pro-
vide the rich contextual descriptions of knowing about that are so fundamental to
situative conceptions of cognition. However, in spite of the intuitive and theoreti-
cal appeadl of situated cognition (Brown, Coallins, & Duguid, 1989; Greeno, 1997;
Hutchins, 1993; Lave, 1993; Lave & Wenger, 1991; Roth & Bowen, 1995;
Suchman, 1987), there have been few attemptsto devel op methodol ogies for mak-
ing sense of how learner understandings are constructed and are grounded across
contextual particularsthat occur over extended timeframes (see Roth, 1998, for an
exception). In fact, research in general tends to look at the products, not the pro-
cesses of learning (Wittrock & Baker, 1991; Young et al., 1997). The difficulties
with capturing the process of learning are only exacerbated when one adoptsasitu-
ated perspective on what it means to know and learn. This is because from the
situativity perspective, knowledge, more aptly phrased “knowing about,” is no
longer conceived of asastatic structure residing in the individual’ s head. Instead,



CONSTRUCTING NETWORKS OF ARE 65

knowing about refersto adynamic activity (trajectory of participation) that isdis-
tributed across knower and that which is known and is spread out across extended
time frames and multiple resources (Barab et al., 1999).

It is the participation trgjectory over time that constitutes the unit of analysis
when one adopts asituativity perspective of knowing and learning (Greeno, 1998).
The difficulty in finding methods for capturing this unit of analysisliesin the fact
that it is distributed spatially and temporally across multiple components (Barab,
Fajen, Kulikowich, & Young, 1996; Greeno, 1997; Greeno & MSMTAPG, 1998;
Y oung, 1993; Young et a, 1997). In spite of the challengesin capturing such ady-
namic and distributed unit of analysis, it isimperative that educators continue to
exploreinnovative methodol ogical approachesthat capture learning asit emerges
within rich environments so as to inform instructional practice and design. Itisin
introducing a methodology for capturing and representing this “ distributedness,”
what weview ascognition, that thisarticleistargeted. More specificaly, inthisar-
ticle we represent this trajectory as a network of activity—a network that allows
for the inclusion (capturing) of material, individual, and social components over
time.

To capture the process of learning in situ, we have developed an innovative
method for tracking the emergence, evolution, and diffusion of practices, concep-
tual understanding, resources, and student-constructed artifacts that occur across
extended time frames (Barab, Hay, Barnett, & Squire, in press). We have found
this method particularly useful in carrying out design research (Brown, 1992), in
which we are designing entire courses, examining the impact of various interven-
tions on the learning process, and feeding thisinformation back into the next itera-
tion of the course (Barab, Hay, Barnett, & Keating, in press). Our methodology
allows us to capture occurrences distributed across time and space that influence
and constitute a learner’ s understanding, providing information on how environ-
mental particulars contribute to evolving understandings. Furthermore, alearner’s
understanding of an object, issue, concept, process, or practice can be attributed to,
and isdistributed across, the network that these occurrencesform. It isinthissense
that we view cognition as distributed, embodied, and situated, and it is with the
goal of capturing knowing in the making that we advance our Constructing Net-
works of Action-Relevant Episodes (CN-ARE) methodology.

We have written this article with the intention of accomplishing three goals.
Given that all methodologies are predicated on a set of theoretical assumptions,
our first goal isto provide a description of the commitments and assumptions that
underliethe design of our methodol ogical approach. Our second goal isto describe
this methodol ogical approach. The approach beginswith the parsing of rich learn-
ing experiences (classrooms) into what Jordan and Henderson (1995) described as
“ethnographic chunks’ (we refer to these as ARES) and categories that represent
the “minimal meaningful ontology” for capturing cognition in situ (i.e., the mini-
mal amount of information that needsto be described so that the researcher can de-
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rive a useful interpretation). It is important to note that the boundaries of what
constitutes achunk are determined by the needs of the study and not some ontolog-
ical truth. Once these chunks are coded and categorized in a relational database,
the next step involves graphically representing the datain amanner, as anetwork,
that allows the researcher to gain an appreciation of the trgjectory of knowing in
the making. From here, the researcher can then follow the data through the net-
work to build an understanding of how particular interactions contributed to the
trajectory of knowing-in-the-making. Following adescription of our methodol ogi-
cal approach, the third goal of this manuscript isto show the application of the ap-
proach to a particular data set, including touching on issues of trustworthiness,
credibility, and usefulness.

THEORETICAL BACKGROUND
Cognition as Situated

Briefly, in our thinking, cognition and knowledge are best described using ecol ogi-
cal terms that characterize the dynamic relations among the changing world and
changing individuals. Knowledge is not some ontological substance that liesin
peoples’ heads (or in the pages of textbooks) waiting to be actualized through cog-
nitive processes. I nstead, and consistent with our relational or situated perspective,
knowing is an action-relevant term that delineates a person’s potential to act in a
certainfashion. Barab and Duffy (2000), borrowing from Laveand Wenger (1991),
described individual sas being knowledgeably skillful and usethe phrase“knowing
about” to describewhat isfrequently called“knowledge.” Briefly, knowing about

1. refersto an activity—not athing.

2. isaways contextualized—not abstract.

3. isreciprocaly constructed as part of the individual—environment interac-
tion—not objectively defined or subjectively created.

4. refersto functional relations—not objective “truths.”

Conceived inthisfashion, cognition or knowing about are not static entities owned
by individualsor environments, but instead aredistributed actsthat existintheflow
of activity andinvolvepersonsinteracting inafunctional (progressive) manner over
timewithother personsandavailablesocial, physical, andintellectual resources. Al-
thoughitisapervasive practiceto attribute knowledge asthe prerequisite or the out-
comeof learning, in our conception, knowing about and learning are simply differ-
ent ways of describing the dynamics of evolving participation. Becoming
knowledgeably skillful, fromthisperspective, ischaracterized by anindividual’ sin-
creasing potential tobuildand transformrel ationswith the (material, psychological,
and social) world.
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Learning isthus fundamentally connected with and constitutive of the environ-
mental particulars (including other people) through which it isactualized (Cobb &
Y ackel, 1996; Lave, 1997). Conceived in thisfashion, the boundaries among indi-
vidual cognition and the material and social world become difficult to identify.
Lave (1988) stated,

Thereisareason to suspect that what wecall cognitionisinfact acomplex socia phe-
nomenon. The pointisnot so much that arrangements of knowledgeinthehead corre-
spond in acomplicated way to the social world outside the head, but that they are so-
cialy organized in such a fashion as to be indivisible. “Cognition” observed in
everyday practice is distributed—stretched over, not divided among—mind, body,
activity and culturally organized settings which include other actors. (p. 1)

In addition to stretching cognition across multiple individuals, context, activity,
and the cultural and materia artifacts of the world, cognition also is spread across
multiple time frames (see Kulikowich & Y oung, 2001, thisissue; Roth, 2001, this
issue). A learner’s ultimate understanding of any object, issue, conceptual under-
standing, process, or practice, aswell as her ability to act competently with respect
tousing these, can beattributed to, and isdistributed across, the physical, temporal,
and spatial occurrencesthrough which her competencies have emerged. Itisinthis
sensethat cognition and knowing about aresituated, anditistheindividual’ sevolv-
ing participation over timeaswell asthe changing environment inwhich heevolves
that must be captured when one adopts a situated perspective of what it meansto
know and learn.

To clarify the argument, if the goal isto account for the historical development
of knowing, then the methodol ogy must capture and coordinate the multiple inter-
actions, distributed across time and space, in afashion that constitutes the trajec-
tory of knowing in the making. It is the complex and dynamic intersection of
individual, context, and activity over time that constitutes the unit of analysis
(Engestrom, 1993; Greeno, 1998; Lave, 1988). It was much simpler to accept cog-
nitive science’ s isolated problem solver as the unit of analysis, wherein observa-
tions in laboratory settings serve to “analyze ... structures of the informational
contexts of activity, but [with] little to say about the mutual interactions that peo-
ple have with each other and with the material and technological resources of their
environments’ (Greeno, 1998, p. 6). However, from a situative perspective, as-
sessments and methodological approaches that focus solely on the individual
learner are necessarily limited, and will fail to provide the rich contextual descrip-
tions of knowing about that are so fundamental to situative or distributed concep-
tions of cognition. In this article, we represent this trajectory as a network of
activity—a network that allows for the inclusion (capturing) of material, concep-
tual, and social components. Now that we have clarified our theoretical perspec-
tive and the methodological problem, in the next section we describe the
grounding for our methodological approach.
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A Methodological Grounding

In advancing anew methodol ogical approach, itisimportant to acknowledgeintel-
lectual history while at the same time illustrating where and why the approach be-
ing advanced departs. Although having abroad intellectual heritage and atheoreti-
cal grounding in situativity theory as previously described, the approach discussed
has close tieswith and must acknowledge the intellectual contribution of (a) inter-
action analysis, (b) network approaches, (c) Activity Theory, and (d) the notion of
tracers. We briefly describe those aspects of this work that have informed this
methodological approach. It isthe synthesis of these aspectsthat hasinformed the
building of our methodological approach for capturing the evolving trajectory of
the phenomenon of interest.

Beginning with interaction analysis, our approach has much overlap with the
work of Jordan and Henderson (1995). In their work, they bring together groups of
researchersto analyzevideos. Thegoal intheir work isto devel op coding schemes,
whatever they may be, for segmenting and building interpretati ons of the episodes
depicted in the video. We have found their work to be informative and consi stent
with our approach. In fact, our approach could be considered one instantiation of
the broader research agendathat they outlinefor interaction analysis. However, in
our approach we have committed to aparticular coding scheme and our focusison
the relations among episodes, not simply the episodes themselves. In this sense,
our methodology can be considered one particular instance of interaction analysis
in which we have committed to a particul ar set of assumptionsthat inform our de-
scription of what constitutes an episode and how we make sense of the network of
interactionsthat these episodes form. Throughout the rest of thisarticle, weclarify
these commitments from both theoretical and empirical vantage points.

Network theories have been used by anthropol ogists to understand the histori-
cal development of computer technologies and paper-based manuscripts (Callon,
1987; Latour, 1987); by sociol ogiststo understand social relations, screening pro-
grams, and the historical development of medical technologies (Doreian & Stock-
man, 1997; Doreian & Woodward, 1994; Prout, 1996; Singelton & Michadl,
1993); by computer scientists to understand systems design (Gartner & Wagner,
1996); by cognitive scientists to understand the “structure of knowledge”
(Gonzalvo, Canas, & Bajo, 1994; Schvaneveldt, 1990); by various authors to
ground ontological commitments (Lee & Brown, 1994; Radder, 1992); and by ed-
ucational psychologists to understand learning in open-ended learning contexts
(Barab, Hay, Barnett, & Squire, in press; Roth, 1996) and understand human—com-
puter interactions as captured inlog files (Barab et al., 1996). In many of these ap-
plications, network analysis was applied not just as a sociological exercise but as
an analytical tool. For example, in understanding systems design, Gartner and
Wagner (1996) built actor networks of two case studiesfor companiesin Germany
and Austria, focusing on the various ways actors and intermediaries contribute to



CONSTRUCTING NETWORKSOFARE 69

the work and to systems design, how legitimate agenda are created, and the rela-
tions between systems design and these other agenda. By mapping out these evolv-
ing networks, including actors, artifacts, procedures, and intermediary links they
were able to understand the mediations and mediating influence of artifacts, cul-
tures, and political agendas with respect to systems design. Discussed more fully
|ater, Barab, Hay, Barnett, and Squire (in press) were able to build networks of ac-
tivity that represented the historical development of two learner practices during a
week-long summer camp.

Themethodol ogy discussedinthisarticleintegratesanetwork approach for cap-
turing the distributed and situated nature of knowing in the making. Networks are
constituted by collections of nodes (the particular items of analysis) and links (con-
nectionsamong thenodes), whichwhen combined resultinanetwork webthat illus-
trates the relations among the nodes (Barab et al., 1996; Degenne & Forse, 1999;
Schvaneveldt, 1990). One of thefirst challengesin adopting anetwork approachis
the conceptualization of what constitutes a node—both in terms of its constitutive
features and in terms of the boundaries that separate one node from another.

In our methodology, the determination of what constitutes a node is informed
by Activity Theory (Barab, Barnett, Squire, Y amagata-Lynch, & Keating, in press,
Engestrom, 1987, 1993, 1999; L eont’ ev, 1974, 1989), referring to aline of theoriz-
ing and research that was initiated by Leont’ ev, Vygotsky, and Luria at the begin-
ning of this century. When referring to “activity,” activity theorists are not ssmply
concerned with doing as disembodied action but arereferring to doing to transform
some object, with a focus on the contextualized activity of the system (Barab, in
press, Engestrom, 1987, 1993; Kuutti, 1996; Nardi, 1996). An activity system is
made up of a participant (individuals or groups that act and whose agency is se-
lected as the point of view for the analysis) and an object (that which is acted on),
aswell asthe components that mediate the relations of participant and object. The
meditating componentsaretools (conceptual and physical), community, rules, and
divisionsof labor (Engestrom, 1987, 1988, 1993; Kuttii, 1996). It isthiscollective
system that constitutes the “minimal meaningful context” from which to under-
stand human praxis more generally, and intentionally designed learning environ-
mentsin particular. An activity system can be an entire course, a particular class,
or even an isolated event—the latter being the unit of analysis adopted in thisarti-
cle. Theimportant point to be gleaned from Activity Theory and that informs our
analysisisthat when describing the constitutive elements of activity, at any level,
one must consider behavior in context.

For Activity Theory, the context is not simply a container nor a situationally
created experiential space, but is an entire activity system, integrating the partici-
pant, the object, the tools (and even communities and their rules and divisions of
|abor) into aunified whole (Barab, Barnett, et al ., in press; Engestrom, 1993). Sim-
ilarly, activity is not one aspect of learning and learning is not one type of activity;
activity islearning and learning is activity. Given its emphasis on the reciprocal
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nature of knowing and doing, and of content and context, Activity Theory has
much to offer in tackling the theoretical and methodological questionsthat are cen-
tral to theories that suggest cognition as practice-bound or -situated; for example,
situated cognition. We have found Engestrém’ s characterization of the elements
that constitute an activity system to be informative in terms of conceptualizing the
constituent features and the boundaries of anodein our network. In our description
of networks, each node represents an ARE—discussed more fully in the next sec-
tion. Consistent with Activity Theory (Engestrom, 1987, 1993; Leont’ev, 1974;
Vygotsky, 1978), each one of these AREs include participants who act on particu-
lar objects (individual and groups), aswell as other mediating components such as
tools, resources, and other participants—all in relation to the participant’s goals
and intentions. As aresult, aminimal description of anode conceived asan ARE
must include participants and objects, as well as those components that mediate
their relations.

Animportant limitation and strength of thismanuscript isits micro unit of anal-
ysis, focusing primarily on “episodes’ astheminimal building blocksin construct-
ing a particular trajectory. Although supporting a detailed explanation of a
particular trajectory, such aconstrained unit of analysisalso runstherisk of not ad-
equately accommodating molar units of analysis that would be more noticeable if
wetook astep back in characterizing the boundaries of anode. Additionally, at this
micro-level of analysiswe do not meaningfully capture and code community at the
individual node level. Although we do gain insight into the macrocommunity
structure when explaining the full network of nodes and links, there are clearly so-
cial and cultural elementsthat are overlooked when one builds descriptions of the
whole simply through connecting its constituent parts.

Although nodes provide basi ¢ building blocks of our methodology, it isimpor-
tant to note that each component of anode (a participant’ sunderstanding, atool, an
object being acted on), in addition to being a part of the current activity being ex-
amined, is also constituted by previous instances of activity through which it was
developed. For example, although acomputer or a student-created i nscription may
be atool in one network, on aprevious occasion it may have been the object of ac-
tivity (Barab, in press, Barab, Barnett, et a., in press; Latour, 1987). In other
words, although nodes and their components exist in one network, nodes and their
componentsare also constituted by networks; that is, nodes are both constitutive of
and constituted by networks, reciprocally determining and being determined by
the episodes in which they are a part. Representing experience in terms of nodes
and links provides a means of capturing and visualizing multiple time scales and
environmental particularsin one analysis. Such an approach is particularly appro-
priate for researchers who recognize that cognition is distributed across the task,
theindividual, and the (physical and social) setting. Furthermore, it can be used to
complement the sociological tradition of ethnomethodology, aimed toward pro-
viding “grounded” accounts of social action through understanding the context in
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which practice takes place—in spatial, cultural, and social terms (Garfinkel,
1967). For example, once the research team has been grounded in a context
through extended naturalistic observation, building a network can be helpful in
tracing a particular phenomenon of interest.

Our desireto capturethe historical development and diffusion of practices, con-
ceptual understanding, resources, and artifacts has much overlap with how others
have applied Actor—Network Theory. Actor—-Network Theory isasociological ap-
proach developed by Callon and Latour (Callon, 1987; Callon & Latour, 1981,
Latour, 1987) to trace the emergence, evolution, and diffusion of scientific knowl-
edge and artifacts across a society. The network approach “allows researchers to
position actors within a larger context and reflect on their specific ‘mediating’
roles and to formulate appropriate practices of intermediation” (Gartner & Wag-
ner, 1996, p. 187). For actor—network approaches, and network theories more gen-
erally, organizations, communities, and even technical artifacts such as published
articles are described as and can influence interlocking networks. Although we
may follow thetrgjectory of anonhuman artifact or even examinetherelationsof a
nonhuman artifact and a particular understanding, in our conception only humans
are coded as actors. Our focusis primarily on tracing the events through which an
individual or anumber of individuals cometo engagein aspecific practice, under-
stand a particular concept, evolve their use of aresource, or construct a particular
artifact. The important methodological challenge is to portray the practice or un-
derstanding as a contextualized trajectory of individual—environment interactions
and not as abstract conceptsresiding intheindividua’shead. Thisrequiresthat re-
searchers are able to describe not only the actor’ s actions but al so the environmen-
tal conditions that was the focus and that constrained these actions.

Roth (1996) used network theory to examine how learning unfolds within stu-
dent-centered classrooms. Roth investigated the way resources (i.e., any piece of
information, objects, tools, student-constructed artifacts or machines) and prac-
tices (i.e., embodied tool-related laboratory skills and understanding and applica-
tion of concepts) influence a classroom community. He used network theory to
portray the diffusion of resources and practices within the context of science
classes, so asto provide empirical evidence for understanding the distributed and
situated nature of learning and knowing in school settings. Central to hisresearch
was the notion of tracers. Newman, Griffin, and Cole (1989) used the term tracer
to denote a preexisting methodological strategy to find the “same activity” across
different contexts. In our use, and consistent with thework of Roth (1996; Roth &
Roychoudhury, 1993), tracers can refer to practices, conceptual understanding,
and student productions (e.g., projects developed) that can be observed and fol-
lowed over time. In Roth’s (1996) research, tracers were selected and then their
history was followed through the network.

For example, in one study, students participating in a13-week long unit on civil
engineering were expected to devel op abridge that had to have aminimum span of
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30 cm using toothpicks (Roth, 1996). Analysis of videotaped classroom interac-
tions and field notes allowed him to trace the diffusion of students' adoption and
understanding of resources (facts, objects), tool-related practices, and conceptual
understanding. Results suggested that the process of learning a tool-related prac-
tice (in this case, the use of glue gunsto connect toothpicks) actually transformed
the community asthe children began to embody the practice. Roth was ableto doc-
ument the trajectory from peripheral participant to core participant, a process that
occurred in relation to the implementation of particular resources and practices.
Also of interest was that specific artifacts (e.g., placing a flag on one's bridge)
tended to spread relatively easily and had little effect on the overall composition of
the community, whereas tool-related practices diffused more slowly and had the
greatest impact on the overall composition of the community. In contrast to both of
these was the diffusion of concept-related practices (e.g., using methods of trian-
gulation to support their bridges), which was extremely slow and only occurred
with constant prompting of the teacher. On the other hand, students were able to
express the fact (“triangulation supports structures”) rather quickly.

THE CONSTRUCTING NETWORKS OF
ACTION-RELEVANT EPIDODES METHODOLOGY

Developing A Methodology

In advancing a methodology that is empirically grounded, we situate our method-
ological discussions using asimplistic hypothetical example and then describe ac-
tual datacollected as part of our previous research to further illuminate the process
and usefulness of our methodology. We describe the data collection context, and
providethreebrief transcriptionstaken from thisresearch for thereader to examine
and to apply the method being introduced. Althoughwedo not view it aspossibleto
provideabody of datalargeenoughtotruly situate the reader, we do provide exam-
ples and analysis that are rich enough to illuminate for the reader the process and
potential of this methodology for capturing cognition in situ.

Data Collection

Thegoal of datacollectionisto capturelearningin away that allowsresearchersto
fully appreciateits complexity and makeit accessibleto future analysis. Given our
convictionthat knowing about issituated as part of theinteractionsamong collabo-
rating individuals engaged with the material world, arequirement of our data col-
lection effortsis that they go beyond the examination of isolated minds. Instead,
datacollection must also besituated in social interactionsthat are distributed across
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time and space—not simply inanindividual’ saccounting of thoseinteractions. As
such, naturalistic observation becomes a central part of our methodology. Lincoln
and Guba (1985) suggested that human observers can providerichinsightsinto the
history of the participants, group dynamics, unspoken tensions, and interactions
between actors, resources, and the environment. However, given the rapidly un-
folding classroom dynamics, videotaping events provides a necessary historic re-
cord of the event that, when used to supplement real-time, real-place observation,
can providearich source of data. “In particular, it providesthe crucial ability to re-
play a sequence of interaction repeatedly for multiple viewers—and on multiple
occasions’ (Jordan & Henderson, 1995, p. 39).

Eventually, these observations are chunked into episodes, assigned labels, and
organized as part of arelational database (described more fully later). The ability
to assign codesis, in part, dependent on the human observer’s familiarity with the
context. Assuch, our datacollection proceduresinvolveresearchersengagedin di-
rect observation in the classroom. At this point, we are still learning about how
much classroom observation is necessary to build meaningful interpretationsfrom
the database. In addition to direct classroom observation, we also use multiple
video cameras that are directed at individual learning groupsin a particular class-
room so that the researcher can code and reanalyze “fast-flying” interactions (see
Jordan & Henderson, 1995, for an in-depth description of shooting videotape for
anaysis).

To supplement and triangulate interpretations, our team also collects field
notes, student-constructed artifacts, and carries out interviews with students and
teachers. In particular, the data-collection efforts have been informed by other nat-
uralistic accounts of classroom data-collection practices (Roth, 1996) and are tar-
geted toward interactions that (a) document practices (e.g., tool use, problem
solving, student inquiry) and use of resources (e.g., concepts implemented, tools
used); (b) capture the discussions among students and between students and teach-
ers; (¢) document the progress of student projects; (d) trace the same students, arti-
facts, actions, and procedures over time; and (e) support and refute emerging
hypotheses about how practices, resources, task constraints, task manifestations,
and student understandings evolved over time. In constructing and triangulating
interpretations, we use the multiple data sources; however, the primary data col-
|ection procedures are direct observation and video recordings. More specifically,
while observing student interactions researchers are chunking and parsing the data
in terms of the categories and codes that are central to our methodology.

Defining Ethnographic Chunks: The AREs

Operationally, the identification or “chunking” the raw datainto meaningful units
or nodesisthefirst step in the creation of the network. Although Activity Theory
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hasinformed our thinking with respect to the elements (categories) that make up a
node, thetheory offerslessdescription on the size of theunit of analysis. Intheana-
lytical tools of Event-State and Causal Networks (Miles & Huberman, 1984), the
nodes are defined as time-dependent events that “ happen” (ameeting, a conversa-
tion, or amouse click) or they are defined as a state of mind (student frustration or
pressure by parents). In our approach, nodes are equivalent to what qualitative re-
searchers have described as “units,” “chunks of meaning,” or “ethnographic
chunks’ (Jordan & Henderson, 1995; Lincoln & Guba, 1985). Given our emphasis
on activity and participation, we refer to these units as ARES. AREs are identified
asactivity occurrencesthat arejudged to be asignificant happening inthelearning
context, and are delimited by achangeintheme, activity, subject, or resources. This
isconsistent with the criteriadiscussed by Jordan and Henderson (1995) for sel ect-
ing ethnographic chunks when carrying out interaction analysis. They stated that
“analyticaly, transitions from one segment of an event to another are often indi-
cated by shiftsin activity, heralded by changesin personnel, movement of partici-
pantsin space, or the introduction and manipul ation of new objects’ (p. 60). What
qualifies as asignificant happening or a segment is somewhat subjective and spe-
cific to the needs and interests of each particular research context.

Lincoln and Guba (1985) described two criteria for selecting units of analysis:
They must be heuristic and they must be the smallest piece of information about
something that can stand by itself. Asstated previously, although we havefound it
useful to define our chunks at a certain scale the boundaries of what constitutes a
chunk should be determined by the phenomenon under investigation and the needs
of the researcher and not some ontological truth. Beginning with thefirst criterion,
heuristically, AREs, minimally, contain information about the material, concep-
tual, or social object of focus, who theinitiators are, who the participants are, what
practices the initiators are engaged in, and what resources are being used. Spe-
cifically, the critical categories of an episode are the issue at hand, the initiators,
the participants, the resources, and the practices (see Table 1). Each of theselarger
categories may also have subcategories (e.g., under practices, we have addition-
ally delineated among those that were instructor-related, student-related, tool-re-
lated, and modeling-related practices). Each of the five broad categories and any
subcategories then contain specific codes that form our restrictive vocabulary
(e.g., under instructional practices, we included coaching, Socratic questioning,
lecturing, just-in-timelecturing, among others). These codes are based oninterpre-
tations of the actions. However, this does not mean that the CN-ARE approach is
condemned to subjectivity or to “getting insidethe head” of the participants. These
inferences are based on what the externally observable behavior indicateswith re-
spect to intent. The challenge, as stated by onereviewer, is how to be a“behavior-
ist” inthe sensethat observable behavior iswhat is used to back up claims, without
becoming a mechanistic behaviorist who denies intent, motives, and so forth—in
effect, developing a naturalistic psychology of the act (Mead, 1934).
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TABLE 1
Summary Labels for the Various Features That Constitute a Node

Category Description

Issue at hand A summary label that is chosen to identify the content of the node. It is
the “direct” object of discussion or manipulation (the only way a
practice can be considered an issue at hand isif it becomes the
explicit object of discussion or manipulation). It can refer to an
artifact, tool-related practice, or a conceptual tool or process.

Initiator Anindividua or group (when engaged in a practice as a single unit)
that is producing an action. Although we listed only observable
initiators, it isimportant to note that actors do not emergein a
vacuum,; rather, they exist within a context that is reciprocally
constituted by the cultural surround and transformed by their
initiator actions. In this fashion, the cultural surround could
arguably be considered an initiator involved in defining the
specifics of the issue at hand. However, it becomes impossible and
overly presumptuous to define the numerous aspects of cultural
influence that interact with the issue at hand. Therefore, we have
not included these nonobservable (yet potentially important factors)
in our coding scheme and must acknowledge this as a limitation.
We have also not included nonhuman objects, such as computers,
instead, the contribution of these objects to the historical
development of aparticular tracer is captured as part of the network

as aresource.
Participant Anindividua who isinvolved in anode but not initiating the action.
Resource “Any piece of information, object, tool, or machine” that an initiator

uses to carry out a practice (Roth, 1996, p. 191). In addition to
technological tools, our definition of tool includes those of a
conceptual nature (i.e., heat—color relations) and those of a social
nature (e.g., community norms). An artifact is transformed to a
resource when it is used by an actor as part of apractice. Assuch, it
isimportant to note that it only becomes a resource within a
particular node if it is being used by an initiator to support a
practice.

Practice An activity that is carried out by an initiator who is using a resource.
Practices can be tool related (i.e., embodied tool-related |aboratory
skills), scientific (i.e,, calculating), instructional related (i.e.,
coaching), learning related (i.e., using an inquiry strategy), or
conceptual (theorizing about quantum mechanics) and always
involve the use of aresource.

Lincoln and Guba' s (1985) second criterion for aunit of analysisisto select the
“smallest piece of information,” a grain that we have already stated is somewhat
dependent on the subjective needs and interests of the particular researcher. For
example, one researcher may be interested in capturing fine-grained actions (e.g.,
mouse clicks or turn taking in a conversation), whereas another researcher may be
interested in more molar units (e.g., moving an object acrossascreen or aplanning
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discussion). In our research, whenever we observed achangein the focus of an epi-
sode (e.g., from eclipses to animation), the practice (from modeling to Socratic
questioning), or the participants (from one student to another) we coded anew epi-
sode. It isimportant to note, and a point we return to in the section regarding limi-
tations, that thisis not a straightforward process and involves intimate knowledge
of the context and the participants being investigated. Even with highly trained
coders who have worked together for ayear in the same research context and who
had continuous feedback of the participants being investigated we still find thisto
be the most challenging aspect of the coding system. However, on numerous occa-
sionswe were ableto get high scores on interrater agreement (r =.85) and positive
participant confirmation with respect to selected AREs.

Defining the Core Categories

Consistent with Activity Theory, theissue at hand isthe “object” of discussion or
manipulation. It can refer to aresource, apractice, or aconceptual tool or process.
For example, an ARE inwhich thereisadiscussion between two students about the
sizeof themoonisastraightforward example of anissue at Hand. Theissueat hand
isthe object of discussion, the moon. When a student is animating amodel of the
moon, theissue at hand isthe object of manipulation, the moon. It isimportant that
the action not be confused with the direct object, even though the direct object can
be an action. In the previous example, animating was the action, not the direct ob-
ject of discussion or manipulation. However, when discussing abug in an anima-
tion of themoon, there aretwo issues at hand: the object, moon, and the action, ani-
mating. This is because the action of the ARE is the “discussion” and the direct
object of that discussion is both “animation” and the “moon.”t The issue at hand
servesaprimary identificationandlabeling functionintheoverall coding scheme.
Aninitiator isanindividual (the participant) or group (when engaged in aprac-
ticeasasingle unit) that is producing an action. With respect to our research inter-
ests, initiators are important to focus on because we study learner-centered
environments in which the teacher is no longer the primary initiator, how and
when learnersinitiate their own learningisacrucial issue. Although welisted only
observable initiators, it isimportant to note that activities do not emergein avac-
uum; rather, they exist within a context that is reciprocally constituted by the cul-
tural surround. In thisfashion, the cultural surround could arguably be considered
an initiator involved in defining the specifics of the issue at hand or even which
practices emerge. However, it becomes impossible and overly presumptuous to
define the numerous aspects of cultural influence that could possibly be consid-
ered Initiators. Therefore, we have not included these nonobservable, yet poten-
tially important, cultural influences in our coding scheme and must acknowledge

These distinctions will become more apparent |ater, when we apply the CN-ARE methodology to
examples from our own research.
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this as alimitation. However, in our research some of these influences are devel-
oped through interviews and member checks and are included in the “ description”
areaof our coding scheme. In fact, the description areamore generally becomesin
practice a catch-all for logging field notes and researcher interpretations of many
shapes (images or words) and sizes (one sentence to multiple pages). Additionally,
we have not included nonhuman initiators; however, the contribution of nonhu-
man objects (tools and resources) becomes fused and is apart of those networksin
which they played an important part. The coding of these nonhuman objectsis not
as initiator but as issue-at-hand or as resource. The third category, participants,
comprises other individuals who are involved in an ARE but not initiating the ac-
tion—acknowledging division of labor.

Next we refer to the tools (conceptual and material) that allow participants to
build and evolve objects. We have found it useful for coding purposes to distin-
guish between those tools that |earners use (resources) from those tools that sup-
port the act of using these resources—more often referred to as “ practices.” With
that said, the fourth category we identified as a critical element is the tool or re-
source. A resource is “any piece of information, object, tool, or machine” that an
initiator usesto carry out apractice (Roth, 1996, p. 191). Theseinclude student-de-
veloped artifacts. In addition to technological tools, our definition of tool includes
those of a conceptual nature (i.e., relative scale as away of perceiving a model).
We contrast aresourcethat isin useto an object that issimply available or isthefo-
cus of the activity more generally. An object istransformed to a resource when an
initiator as part of apractice usesit.

Thefinal critical element of any ARE isthe practice. The practiceis an action
carried out by aninitiator or participant. There can be many different categories of
practice within a network of AREs (N-ARES). Some of these categories of prac-
tice are associated with specific types of initiators (i.e., student or instructor prac-
tices), some are associated with different content areas (i.e., mathematics, science,
or English practices), and some are associated with particular resources (i.e., the
World Wide Web, word processing, or ruler practices). In fact, there are often sev-
eral different practices simultaneously conducted within one ARE. For example,
in the work of Roth (1996) previously discussed, two students collaboratively
building a toothpick bridge with a glue gun may be involved in three practices.
They are engaging in the learning practice of discussion, the tool-related practice
of using the glue gun, and the mathematics and engineering practice of triangula-
tion all within one ARE. However, each practiceinvolvesaspecific resource: prior
experiences that the students are drawing into their discussion in the case of the
learning practice, the glue gun and the toothpicks in the case of the tool-related
practice, and the toothpicks in the case of the mathematics and engineering prac-
tice. To summarize, each ARE has, minimally, an issue at hand, the initiator, the
participant, the resource, and the practice. We now turn to the operational consid-
eration of creating N-AREs.
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Defining Codes and Subcategories

The next step in our methodology involves devel oping codes for the core catego-
ries and for any relevant subcategories (instructional-rel ated, tool-related, model -
ing-related practices). In our research, the evolving subcategories and the evolving
sets of specific codes are developed through weekly meetings in which members
share field notes and analyze course interactions to develop grounded lists of sub-
categories and codes (Glaser & Strauss, 1967). In other words, these codes are not
appliedtop—down, but emergefromthedata. Inthisfashion, thedevel opment of the
coding typesisan evolving and iterative process that takes extended group discus-
sions through which the evolving codes and subcategories are continually tested
against empirical data. Based on these discussions, acomputerized coding formis
then devel oped with arelational database that all ows researchersto input the basic
information (time, date, coder, tape, etc.), awritten description, arating of the con-
ceptual richness, and the codes with respect to the issue at hand, initiators, partici-
pants, resources, and practicesfor each ARE (see Figure 1 for an example of acod-
ing form of our Virtual Solar System [V SS] course).

Ethnographic Descriptions

Initially, it was our intention to limit the qualitative descriptions with the emphasis
of the CN-ARE methodology being on creating and selecting codes. In practice,
however, it has aso proven necessary to add a field to our database for
ethnographic descriptions that allow researchers to gain arich contextual picture
when later examining the nodes. In addition totextual descriptions, our databaseal-
lowsfor pictures, audio recordings, or even displaying the segment of video associ-
ated with the node (not shown in Figure 1). In practice, we have found that these
ethnographic descriptions have been used extensively as researchers entered de-
scriptive field notes and emerging interpretations as they relate to the particular
ARE being coded. In interpreting the meaning of aparticular node, we have found
thisinformation to be very useful.

Building Tracer Networks of Activity

The second main feature of anetwork isthe linksthat connect the nodes. We con-
ceptualizethelinksasanything that tiesonenode (an ARE) to any other node. Thus,
conceptually, all our codes can serve aslinks between nodes. Timelinksnodeshis-
torically, practiceslink nodes of similar practicestogether, resources link nodes of
specific resources used together, and initiator and participant codes link people.
These linkages through all the nodes of agiven database can be envisioned asakin
toadensely woven, highly complex “knot” of nodesand links. Thisknot would not
be particularly useful without the ability totease out issuesand “ stretch” theknotin
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FIGURE 1 Web-based coding form used to capture the salient information of a node.

theoretically interesting ways. The question becomes, What links are productiveto
graphically represent within a network to address the underlying questions? In
event-state and causal networks (Miles & Huberman, 1984), particular types of
links (causal links) are selected for representation to demonstrate the policy events
that have led up to particular district level outcomes. In our work, to bring order to
this knot, we have devel oped a method to visualize this database in a fashion that
enables usto explore theissues around the emergence, evolution, and diffusion of
practices, concepts, resources, and artifacts occurring over extended time frames.
At the most simplistic level, linksare simply linesin the network that denote rela-
tions among episodes (i.e., that signify the historical development of atracer).
Central to this research is the notion of tracers, which we use to denote those
facts, practices, student productions, or understandings that can be observed and
followed over time (Newman et al., 1989; Roth & Roychoudhury, 1993). In our
approach, tracers are identified through grounded theory development (Glaser &
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Straus, 1967) and refer to connected paths of events (network) that constitute the
historical development of the particular phenomenon that the researcher is inter-
ested in understanding. By selecting a particular practice, concept, resource, or
student production for intense analytical attention, the researcher isopening up the
“black box” that results from post activity analysis of learning and, instead, is ex-
ploring the trgjectory of events that constitute (situate) knowing about. In the
words of the sociologist Latour (1987), the researcher is making atransition from
examining “ready-made knowledge,” to examining “knowing in the making,” the
latter being an ongoing process.

Visualizing Nodes and Links

In visualizing the data (knowing in the making), we have found it useful to present
observed links among nodes with lines and to present nodes of the same phenome-
non using colors or patterns. Operationally, the visualization and representation of
links startswith the visualization of the nodeson atimeline. Thisprocessbeginsby
developing graphsinwhichthey-axisrepresentsordinal, not necessarily ratio, time
andthex-axisrepresentsthe nodeinitiator. We present ahypothetical exampletoil-
luminatethe process of building networks. In thisdiscussion, we use an example of
onegroup of four studentsfor simplicity. However, the CN-ARE methodol ogy can
be used with larger groups (see Barab, Hay, Barnett, & Squire, in press). At this
stagein thevisualization process of our example, the ARESsarerepresented by bars
that indicate actual time duration for each node organized by initiator (see Figure
2). Thetimeintervals on the y-axis are defined by the unit of analysis of interest to
the researcher. In this case, they represent 1-min blocks.

These node bars arethen abstracted into numbered circles, and positioned inthe
appropriate initiator column (see Figure 3). We found that for our analysis the ex-
act time duration of the node was not important in terms of the graphic representa-
tion of the network, so we have created generalized number circles all of similar
sizeto represent nodes. Others may find that maintai ning the node time duration to
be of some analytical benefit and therefore could use different sized nodes. As a
general rule, weline up nodeswith similar start times. Inthiscase, we choseto dis-
play the node at Time 3 on Figure 2, but areasonable argument could be made for
displaying it at Time 4 instead. However, for our purposes,? the placement of the

2Atitsmost basiclevel, the network of activity providesaninscription, agraphical representation, for
the researcher that can scaffold the interpretation as well as the presentation of the data. However, de-
pending on therigor in which one moves from the database to the network of activity, it can actually be
aninterpretation of thedata, not simply ascaffold for theinterpretation of thedata. Thisisespecially use-
ful when used to document the historical development of atracer over ashort period with alimited num-
ber of nodes. Thisisbecause we can make one-to-one mapping of the data, gathering the entire network
of activity for the intervention and, thus, maintaining interval or even ratio attributes of the data. In our
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nodeat Times 3 or 4 would not changethe overall picturein ameaningful way; t
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placement would have little effect on how we trace and interpret the historical de-
velopment of aparticular practice, concept, resource, or student-produced artifact.
Also of notewasthat Node 8 was dual initiated and, therefore, there are two nodes

at Time 4 marked as Node 8.

case, however, we are coding entire courses as part of our design experiments, resulting in databases
with more than 2,000 nodes per section. As such, we have found it impractical to document the entire
network, instead, using the database to |ocate the particular nodes of aselected tracer and then graphing

related nodesin an ordinal fashion, occasionally adding icons to the graph to symbolize extended t
frames of particular nodes.

ime
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Participants and links are then added to the network. Beginning with partici-
pants, in Figure 4 noncircled numbers have been added to the network to indi-
cate additional individuals who were not initiators to a particular node. At this
point, an examination of the inscription (see Figure 4) provides insight into
when individuals participated, who they collaborated with, and in what role. For
example, we can see that Tom acts as a participant for Nodes 1 and 3 where José
is the initiator. We also see that, at Time 4, Mary and Tom are dually initiating
Node 8. Examination of this figure reveals which individuals took the most ac-
tive role in initiating the interactions and what collaboration occurred in the
nodes. As previously stated, the goal of building a network is to generate an in-
scription that can scaffold the researcher’s interpretation and presentation of the
historical development and diffusion of the tracer of interest. With this goal in
mind, we now take a closer look, illuminating what can be learned from a full
examination of Figure 4.

Continuing with an explanation of Figure 4, this visuaization illustrates a
network of a tracer with links representing the connection of two nodes that
share common facts, practices, student productions, or understandings, and are
related historically through a common actor. In this network, al the shaded
nodes in Figure 4 are related to a particular tracer—referred to as “the practice.”
In this hypothetical vignette, Mary is working by herself on the practice in
Nodes 2 and 4, and the other students are working during this time in a group
initiated by José on activities not coded as related to the practice. In Node 6,
José calls Mary over to show her and Tom how to do the practice. José and
Mary continue by dually initiating a discussion of the practice in Node 8. We

mz -
N W A 0 O

Tom Susie Jose Mary
INITIATOR

FIGURE 4 Nodes for each Initiator with numbered circles representing node initiators and
noncircled numbers representing node participants. Shaded nodes represent those nodes in
which a particular practiceis being carried out, referred to as “the practice.” In addition, lines
represent links between two nodes, with the dashed line representing nodes that were dually ini-
tiated.



CONSTRUCTING NETWORKSOFARE 83

used dual initiation to capture those interactions in which the researcher is un-
able to assign initiator status to either member. Then, in Node 9, Tom goes back
to his computer and finishes up a prior activity before he asks José to help him,
Susie tags along. Susie then returns to her computer to work on the practice
(Node 12) as does José (Node 13). Last, Mary returns to her computer to work
on other parts of the project (Node 14), as does Tom (Node 11).

Once a tracing through the N-ARE has occurred, then the researcher
needs to go back and examine the ethnographic descriptions to build an inter-
pretation of the network. This involves an examination of each node and
moving along the tracer network, building a rich interpretation of the histori-
cal development of the tracer being examined. Given the subjective interpre-
tation of these networks and the fact that much of our analysis relies on
inferred intentions, we have found it useful to have the research team use the
videotapes, as audit trails, to build consensus on interpretations. When possi-
ble, member checks with the original students were also performed to further
ground interpretations.

In the af orementioned discussion, we described the process of constructing
N-AREs. The process from observation to analysis involves the following
steps:

1. Coallectionof thedatathrough direct observation and through videotaping.

2. Chunking the datainto discernible units of analysisthat we have described
asAREs.

3. Recording information related to the specifics that constitute each ARE
(see Figure 1).

4. Developing avisual representation of the data by recording the time dura-
tion of each ARE for each initiator, and then abstracting these times into
numbered circles that are sequentially arranged in an ordinal, not ratio,
fashion (see Figures 2 and 3).

5. Selecting the particular issue at hand, practice, or resource to serve as the
tracer.

6. Tracing the historical development of the particular tracer over time by
shading in all the related nodes, adding observed links, and examining the
path (see Figure 4).

7. Reexamining nodedescriptionsaswell asvideotapesto buildinterpretation
of the network. If possible, performing member checksto validateinterpre-
tations.

Inthislist, we primarily focused on thefirst four steps and did so somewhat in
the abstract. We next apply the seven steps to data taken from our own research
with the intention of supporting the reader in building a contextualized apprecia-
tion for, and understanding of, the CN—ARE methodol ogy.
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INSTANTIATING THE CATEGORIES (OUR RESEARCH)

Toilluminatethe use of the CN-A RE methodol ogy within aclassroom, wenow de-
scribe one of our particular research contexts and how we have used the CN-ARE
approach to tracethe historical devel opment of vari ous phenomenon. In particular,
we demonstrate how we have used the CN-A RE methodol ogy to capture the emer-
gence, evolution, and diffusion of conceptual understanding, practices, resources,
and student-created artifactsin our VSSproject. It isimportant to notethat thisisan
illustrative example of applying the CN—A RE methodol ogy to aparticular context
and the reader should not view thisoneinstantiation asrepresentative of themyriad
of potential uses for thistool.

Research Context

In thisresearch, we have been exploring learning and instruction within collabora-
tive, technology-rich, project-based learning environments. The VSS projectisan
experimental undergraduate Astronomy course taught at two universities. In the
V SSproject, wecompletely transformed thistraditional lecture-based courseintoa
project-based course (see Barab, Hay, Barnett, & Keating, 2000; Barab, Hay,
Squire, et al., 2000; Hay, Johnson, Barab, & Barnett, in press). Where previously
listening tolecturesconstituted the primary learning activity, intheVSScoursg, lis-
teningtolectureswasreplaced by students' building 3 three-dimensional modelsof
different aspects of the solar system: (a) the Earth, moon, and sun; (b) the entire so-
lar system; and (c) alearner-defined object of the solar system (acomet, theasteroid
belt, etc.). Studentsworked inteamsof two to four members, using high-end graph-
ics computers with a direct manipulation, three-dimensional, model creation soft-
wareapplicationthat all owed the proj ectsto beexported directly tothe World Wide
Web (see Barab, Hay, Barnett, & Keating, in press, for afull course discussion).

We used video cameras to capture each of four student groups as they con-
structed their three-dimensional worlds within a computer laboratory. Although
each student had their own desktop computer, the course projects required exten-
sive collaboration and students spent significant amounts of time working on each
others' computers. In addition to targeted video cameras, a researcher was as-
signed to each group during classtime, allowing for most of the coding (selecting
interactions and filling out the nodes) to occur “on the fly,” as researchers used
laptops to select the codes from the database. Videotapes were later inspected to
ensure reliability of nodes and, in some cases, students were also interviewed to
confirm interpretations. To increase consistency across group coding and to pro-
vide all researchers exposure to each group, we rotated groups on different days
and performed audit checks by having researchers examine each others' coding of
nodes.
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Coding Examples

The first step in adapting the CN-ARE methodology to a particular research
context is to choose the subcategories and the respective codes. We have found
it most efficient to enter these subcategories into a database program in which
the items can be accessed as pop-up menus (see Figure 1 for the coding form de-
veloped for our VSS context). In addition, it is essential that these items be
editable and that items can be added as new subcategories are identified for is-
sues at hand, practices, initiators, participants, and resources. Included in our
form are fields for the group, date, start and stop times, the name of the person
coding the form (coder), the issue at hand (practices, concepts, and ob-
jects—constructed artifacts or used resources), conceptua richness, initiators
(students, mentors), participants (students, mentors), practices (tool-related prac-
tices, modeling related, mathematical, group project, instructor, student),
ethnographic descriptions, context, resources (including concepts used as tools
such as logarithms or even student-created artifacts), conceptual tools, and trac-
ers. The five major category labels and the ethnographic descriptions elements
were previously discussed (see Table 1); however, in making the CN-ARE
methodology a useful analytical tool, we have found it necessary to include ad-
ditional fields to our form. We briefly explain these additional categories.

The group field is useful for searching and sorting the records when using the
CN-ARE method in a context with more than one group working on similar pro-
jectsand, potentially, being combined in the same database. The date and start and
stop times allow researchers to sort records and follow the historical development
of variousitems. Conceptual richnessisarating on a10-point scaleranging from 0
(nodes not related to course content) to 9 (nodes involving interconnections of
ideas or systems-level understandings of the particular domain of interest). For
example, the concept of aline of nodesis central to the domain of astronomy. It re-
fersto theimaginary line formed by where the plane of the moon’ s orbit intersects
the plane of the Earth’s orbit. An eclipse is possible only when the moon, Earth,
and sun are dl on the line of nodes. An ARE would be rated a5 when anode con-
tainstheline of nodesin adefinitional form, asjust described. It would berated a7
if the line of nodes were modeled in the node and the model was used to discuss
eclipses, and a9 when it was used to devel op an understanding of the Earth, moon,
and sun system (i.e., the eclipse season).

Conceptual toolsrefersto concepts when they are being used astool sto support
the carrying out of a practice (e.g., using logarithms to determine scale sizes). We
are making the same distinction as we made with other types of tooals; that is, we
need to code them differently when they are being used versuswhen they arebeing
talked about. If students were talking about what logarithms are, then the loga-
rithmswould be theissue at hand. However, if they were using logarithms asare-
source to determine planet distances in a mathematical way, then they are using
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logarithms as aresource. Context was added as a code because aswe coded the in-
teractions we occasionally observed relevant contextual factors (e.g., grades,
homework, family issues) that did not fit any of our existing categories but that we
know were an important part of the interaction being observed. Last, we added a
tracer field in which we associated particular interactions with a specific tracer
evenwhen it was not originally coded as part of the node being examined, because
at that point inthe processthetracer had not yet beenidentified asone of our codes.
Thisfield was primarily used after we had already coded all the nodesand wewere
going through the database an nth time to build a particular tracer network.

Developing Codes

The codesrelated to our categories and subcategories emerged through the process
of grounded theory development, in which our data and emergent interpretations
interacted in adialectic fashion, reciprocally informing and being informed by the
other (Glaser & Struass, 1967). Although some categories were created on thefly,
usually new categorieswereadded during our biweekly research meetingsinwhich
wereexamined videotapesto determinethe necessity of creating an additional cate-
gory. Complementing the emergent interpretations, we performed content analysis
and examined the literature to enhance our “theoretical sensitivity” (Schatzman &
Strauss, 1973), engaging in a dialogue between previous theory and current data.
Additionally, resourceswere simply lists of resourcesthat were availableto learn-
ersin the environment. However, over time, new resources (physical and concep-
tual) became available, and additional typeswere added to the resourcefield. Con-
text and tracer codesevolved inasimilar fashion. All practicesfrom all categories,
in addition to being available in the practices category, were also made available
under issue at hand, as were resources. Lastly, all students and instructors were
added to initiator and participant categories, and group, date, and coder categories
were also added to the database.

Coding Scenarios as AREs

Inthissection, we present scenariosfrom our research program to demonstrate how
the CN—-ARE methodol ogy has been used to devel op interpretations of cognitionin
situ. We haveincluded three scenariosall related to eclipses, which provideinsight
into the context through which students’ understanding of eclipsesevolved through
the course. These scenarios are presented as three different examples, each of
whichincludes multipleinteractions coded asmultiple AREs. Thefirst scenarioin-
volvesthe coding of apracticeand how it changesfrom anissueat handto atool-re-
lated practice over time. The second scenario illustrates how the line of nodes
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changed fromaconcept, to an object, and finally to aconceptual tool over time. The
third scenario, taken from Barab, Barnett, Y amagata-Lynch, et al. (in press), illus-
trates how a conceptual tool for astronomers became a visualization tool for a stu-
dent and how before embodying this visualization tool in her model Erica read
about the concept, only later becoming black-boxed asatool to support the visual -
ization process. The third scenario also shows the intergroup collaboration that
emerged between members from both groups.

In these examples, we illustrate how we have parsed a scenario into separate
ARESs (nodes),3 and how we coded AREs. In each scenario, we begin with a
set-up that will contextualize the reader to the goals of and the activities prior to
the scenario. Then we present a brief dialogue excerpt broken up into turns. The
far right column indicates how we chunked the data into nodes representing a
particular ARE. Lastly, each node is coded using multiple category labels. Stu-
dents include Todd, Taro, and Roger in Group A, Keith and Erica in Group B,
and the instructor is Igor. Following the dialogue, we list the particular codes
our research team selected for this dialogue. Later in the article we present a net-
work generated from these three segments of dialogue that incorporates the
coded nodes. Note that node numbers associated with the dialogue do not start
with 1 and do skip numbers (e.g., jumping from Node 3 to Node 6). Thisis be-
cause during the original coding of this data there were other coded nodes at the
same time period that were not related to eclipses and that were not included in
the three presented scenarios for space reasons.

Scenario 1 (viewpoints). The following set of interactions illustrates how
setting viewpoints moved from anissue at hand to atool-rel ated practice over time.
Viewpointsrefer to perspectives or “camerapositions’ that can be placed in avir-
tual reality (VR) model, allowing viewersof themodel toimmediately shift to vari-
ouslocations. The interaction begins after Todd has built an Earth, moon, and sun
system and animated all the pieces. The actual categories, subcategories, and codes
assigned each node in the dialogue are displayed in Table 2. To reiterate, ARES
weredelimited by achangeintheme, activity, or initiator. In other words, whenever
we observed a change in the issue at hand (e.g., from eclipses to animation), the
practice (from modeling to Socratic questioning), or the initiator or participant
(from one student to another), we coded a new node.

SItisimportant to clarify that each node in the network represents an ARE and, in avery real sense,
can be considered an actor on the historical development of the practice, conceptual understanding, or
resource. However, each initiator within anode could also be considered an actor, revealing the nested
nature of N-ARESs. At some point, issues of grain and focus become adistinguishing factor in determin-
ing theunit of analysiswith oneresearcher’ snode potentially serving asanother researcher’ SN-ARE.
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Participant Description Node
Todd [Todd is setting a viewpoint so that end-viewerscan go to a 3
perspective on the VR world that he determines.]
Todd Okay, in alunar eclipse does the Earth block the light of the Sun? 6
Taro Y eah, let’s see [then Taro moves next to him and says“ show me” as
he looks at the computer]
Todd So, in alunar eclipse, wouldn't it make sense to have the camera
going from the Earth to the Sun [pointing to the screen] ... If we
put the camera on the Sun and make it face towards the Earth so
we can see what the Earth is doing when it getsin the way of the
light of the Moon.
Taro [Taro shows Todd what the eclipse looks like by modeling with his
hands]
Todd Oh, so alunar eclipseis when the Earth blocks the light of the Sun?
Taro Yes.
The dialogue continues:
Participant Description Node
Todd [Todd is viewing the virtual model’s viewpoints. He is jumping from 9
oneto another. Heisvisibly frustrated]
Todd | thought | set aviewpoint here yesterday, but it is not working 11
[Todd' sinflection hinted at it being a question]
Igor (instructor)  Okay, so what did you do to set the viewpoint?
Todd Somehow | put one viewpoint cameraright in the center of the Earth,
but | erased it and now all of the cameras are screwed up.
Roger We put two cameras up there [referring to the top of the Earth], but |
don’t understand what happened to them.
Igor Let’slook for the viewpoints you have now, and delete them and
start again.
Todd [Todd, with Igor coaching and Roger watching, finds the two 14
cameras and deletes them]
Igor [Igor does a just-in-time lecture on setting viewpoints so that Todd 15
and Roger can use the cameras to demonstrate various aspects of
their model. For space reasons we have compressed much of this
lecture into italicized notes that decenters some of the teaching in
thisanalysis]
The scenario continues:
Participant Description Node
Todd [Todd sets a viewpoint that illustrates a lunar eclipse] 18




68

TABLE 2
Classification of Nodes, Categories, Subcategories, and Types for Scenario 1

Conceptual
Node Issue at Hand Initiator Participant Practices Resource Richness
3 Object: Earth, moon, sun Student: Todd Tool-related: Viewpoint setting 6
model Modeling: Model building VR
6 Concept: Lunar eclipse Student: Todd  Student: Taro Student Practice: Group Student props 6
Practice: model building VR discussion (hands)
Computer model
9 Object: Viewpoints Student: Todd Modeling: Model evaluation Computer model 6
Concept: Lunar eclipse
112 Practice: Setting viewpoints ~ Student: Todd  Student: Roger Instructor practice: Questioning Computer model 2
Mentor: Igor Student practice: Question
teacher
14 Practice: Setting viewpoints ~ Student: Todd  Student: Roger Modeling Practices: Debugging Computer model 2
Mentor: Igor Instructor Practice: Coaching
15 Practice: Setting viewpoints ~ Mentor: |gor Student: Roger Instructor practice: Just-in-time 2
and Todd lecture
18 Object: Earth, moon, sun Student: Todd Tool-related practice: Setting Computer model 4

model

viewpoints

Note. VR =virtua reality.
3Although this is a conversation where Roger also poses a new dimension to the conversation we have found it most efficient to code whole
conversationsasone node. The exception iswhen one of the participants poses aquestion or makesastatement that clearly changesthetopic and direction
of the conversation.



90 BARAB, HAY, YAMAGATA-LYNCH

Scenario 2 (line of nodes). The following set of interactions illustrates
how another group was also confused about eclipses, and how to best represent
them in their model. Theinstructor, Igor, then introduces the line of nodes, a con-
ceptual tool used by astronomersto describe theimaginary linein space formed by
theintersection of the ecliptic and the celestial equator in which the sun, Earth, and
moon must lieif an eclipseisto occur. For Erica, Igor introduced the line of nodes
asavisualizationtool to help illuminate when eclipses occur in her model. In order
for her to use it as a visualization tool, she had to first learn the concept as an is-
sue-at-hand, after which this learning became black-boxed and it again became a
visualization tool. As before, the actual categories, subcategories, and codes as-
signed each nodeinthedial oguearedisplayed following thedial ogue (see Table 3).

Participant Description Node

Erica | am wondering if | should extend it all, the edge to the moon'’s orbit 31
to demonstrate eclipses, like alunar eclipse.

Keith That is something to think about because you could.

Erica But that isjust showing the orbit.

Keith If you have the Moon rotating [using his hands to enact the motion] 33
the Sun rotates, then the Moon rotates ... wouldn’t the Moon
rotating around the Earth wouldn't they eventually hit this plane
[points to the ecliptic plane] to show an eclipse?

Erica When there is an eclipse there is the [orbital] plane of the Moon and

the [orbital] plane of the Sun have to be the same or near. So for a
lunar eclipse the same conditions have to be met. This plane
would only demonstrate a lunar eclipse so | should probably have
to extend it out.

Keith shiftsback to hiscomputer to work on textures and the instructor walksup to
Erica. The dialogue continues.

Participant Description Node
Erica Ok, hereisaview from above the Earth. Here is this plane, the 34
reddish stuff planeis the plane of the Sun and the Earth [ecliptic],
and thisis the plane of Moon. It lookslikeit isall intersecting, it
isnot, because it isangled. Y ou can see adifference.
Igor Part of the problem is you are looking from above. Thisis a better
view for looking at it [changes their viewpoint].
Erica [Erica works on her model while Igor watches.] 36
Igor Another thing to keep in mind isthisis static here, you have done a 38
good job of showing the ecliptic and the Moon's orbit. Have you
put in the line of nodes yet? That is something to explore.
Erica Ha, Ha, Ha. The line of Nodes, en?

Igor

The book gives a pretty good discussion on it.
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TABLE 3

Classification of Nodes, Categories, Subcategories, and Types for Scenario 2

Conceptual
Node Issue at Hand Initiator Participant Practices Resource Richness
31 Object: Earth, moon, sun Student: Erica Student: Keith Student related: Questioning Resource: Other 9
model student student
Practice: Model planning
33 Concept: Eclipse Student: Keith Student: Erica Student related: Work Resource: Other 9
Practice: Developing collaborative student
Insights Computer Model
34 Practice: Model Student: Erica Mentor: Igor Student practice: Resource: Mentor 9
debugging Questioning teacher
Concept: Eclipse
36 Practice: Model building Student: Erica Mentor: Igor Model practice: Building 5
38 Concept: Line of nodes Mentor: Igor Student: Erica Instructor practice: 7
Coaching
41 Concept: Line of nodes Student: Erica Student practice: Reading Resource: Textbook 8
42 Object: Line of nodes Student: Erica Student: Keith Student practice: Telling Resource: 9
Mentor: Igor Computer model
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Participant Description Node
Erica Ok, the line of nodes [goes off to research the line of nodes]. 41
Erica So once you get thisline of nodes [looking at the book]. Oh | see. 42

That istheline where ... [moving around in her model] That
would be along here where these two intersect. ... Theline of
nodeswould be ... no ... [moving through her model]. Anyway,
you see how the Moon’ orbit is angled here, so the line of nodesis
supposed to be here.

Keith & Igor [Keith and Igor simply watch and listen to Erica]

Scenario 3 (intergroup collaboration). After a class in which setting
viewpoints became the issue at hand, Todd then returned to use this skill in repre-
senting when and how eclipses occur. Similar to the development of the line of
nodes, viewpointswere black-boxed and now used asatool to complete adifferent
issueat hand. During thisscenario, Toddisstill confused about the process of when
an eclipse occurs and, especially, how to represent it in his model. The instructor
then suggeststhat Ericawas having similar difficulties and that she has devel oped
an approach to represent the eclipsesin her model (seeFigure5). Asinthe previous
scenarios, theactual research codesaredisplayedinatable(see Table4) at theend.

Participant Description Node

Todd [Isworking hard on his model but appearsto be at an impasse. He 45
calls over the instructor].

Todd The ecliptic is here [pointing to the screen] where the two lines come 49
together?

lgor Yes, but it ismore complex in three dimensions. Ericais using the 50

line of nodes to show it, you might want to talk with her.

FIGURE5 A screenshot of Erica slineof nodes. Note that the moonisnot on or near theline
of nodes; therefore an eclipseis not possible.
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Participant Description Node

Todd There is arumor that you' re working on the line of nodesin your 55
model. I'm not sure what it is.

Erica It s where the plane of the ecliptic between the sun and earth, and the

plane of the earth and moon intersects ... Itisnot ared line ...
Whenever the moon crosses this line [pointing to the screen] there
isan eclipse ... [Todd nods]

Erica [pointing to the screen, Erica continues] The way | made mine, | 58
made along cylinder and made it avery long line.

Todd Wow, that thing is a cylinder!

Erica Y eah, (pointing to a line on the screen) ... . | grouped the earth and

the line of nodes so the line of nodes would stay with the earth
when it revolves.

Later, after Ericacompletes her model and is presenting to the class, she pointsto
thelineof nodesin her model to explain the difference between asolar eclipseand a
lunar eclipse.

Participant Description Node

Erica You can only have total eclipses when the moon is on the line of 65
nodes. [pointing to the screenshot in Figure 5]. If the moonison
the side of the earth facing the sun, that would be a new moon,
you can get a solar eclipse because the sun would be blocked by
the moon’ s shadow. And when the moon is on the side of the
earth, that would be afull moon, you can get lunar ellipses
because the moon passes through the earth’ s shadow.

Interpreting Data

We have found it useful to carry out two types of data interpretations on the data-
base of nodes generated through the CN-ARE methodology (Barab, Hay, Barnett,
& Squire, in press): (a) as a database search tool to support frequency counts and
grounded theory development (Glaser & Strauss, 1967), and (b) the N-ARE graphs
discussed previously and further detailed later. Thefirst useinvolvesusing the da-
tabase of nodesto examinethe frequency of occurrence of one particular nodal ele-
ment or toidentify patternsor particular episodesthat illuminatekey characteristics
of the phenomenon being studied. This process is useful when characterizing
coursedynamics (Barab, Barnett, et al., in press), or inidentifying instancesrelated
toaparticular issue (Barab, Hay, Barnett, & Squire, 1998, in press). The other more
exciting datainterpretation method, and the one highlighted, isto actually tracethe
emergence, evolution, and diffusion of concepts or practices over timethrough the
entire network of activity (see Figure 4). It iswith thisgoal in mind that we devel-
oped the CN-ARE methodology, and it is this function that allows researchersto
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TABLE 4

Classification of Nodes, Categories, Subcategories, and Types for Scenario 3

Conceptual
Node Issue at Hand Initiator Participant Practices Resource Richness
45 Object: Earth, moon, sun Student: Todd Modeling: Model building 6
model VR
49 Object: Earth, moon, sun Student: Todd Mentor: Igor Student related: Resource: Model 7
model Questioning teacher
50 Practice: Visualizing? Mentor: Igor Student: Todd Instructor related: Eliciting  Resource: Other 7
collaboration student
55 Concept: Line of nodes Student: Todd Student: Erica Student practice: Resource: Model 8
Questioning student other student
58 Concept: Eclipse Student: Erica Student: Todd Student Practice: Retelling Resource: Prior 4
Practice: Grouping experience
62 Concept: Line of nodes Student: Erica Tool-related practices: 2
Coloring
64 Object: Line of nodes Student: Todd Student: Roger Student practice: Telling Resource: Computer 8
and Taro model
Prior experience
65 Concept: Tota eclipse Student: Erica Student: All Student practice: Telling Resource: Computer 8
(lunar and solar) students model
Object: Project 2 Mentor: Igor Line of nodes

Note. VR =virtua reality.
aThisilluminatesthedistinction between anissue at hand and apractice. Although visualizing istheissue at hand, the practice of theinitiator, Igor, isto
elicit collaboration, so that Todd can use visualize eclipses through his model.
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capture cognitioninsitu. However, given that both functionshave proven useful for
our research, we briefly overview the first use aswell.

A database search tool. The database of coded interactions can simply be
treated asarelational database, and thereby searched for various purposes. For ex-
ample, Barab, Hay, Barnett, and Squire (1998) used the database to record the num-
ber and duration of timesthe mentor was coded asinitiator throughout the semester
long VSS course. Intheir research, mixed initiative interactions (nodes where both
learner and mentor appeared to initiate the same activity) were coded with both
learnersand mentorsastheinitiators; thus, student-initiated nodes and mentor-ini-
tiated nodes are not mutually exclusive. They then counted the number and length
of time of nodes that were mentor-initiated or that were student-initiated. Results
suggested that there were less mentor-initiated nodes for Group 1 than for Group 2
and, on a related note, there were more student-led nodes for Group 2 than for
Group 1. They used asimilar strategy to gain insight into the differences of plan-
ning in both groups, with findings suggesting that one group had more nodes and
spent moretimerelated to project planning than did the other group. Given the sub-
jective process in which nodes are carved out and coded from the entire corpus of
data, it would beinappropriate to draw meaningful interpretations using frequency
and time counts alone. Therefore, in addition to using the database, Barab, Hay,
Barnett, and Squire (1998) reexamined the videotapes to triangul ate the emergent
hypothesisthat one group was more student centered than the other group. Inasim-
ilar process, they incorporated additional datato characterize the apparent differ-
ences in group planning, gaining insights into how and why they differed. In an-
other study, Barab, Barnett, et al. (in press) used the database to locate particular
interactionsthat rel ated to their research and that occurred during the semester-long
course. Inthisinstance, the coded database of interactions providesasourcefor lo-
cating particular indexed interactionsthat are of relevance to the researcher—pro-
viding an indexing system.

Connecting nodes to build networks. A more innovative application of
the coded informationisfor the generation of N—ARES. In our design experiments,
we have found it impractical to document the entire network because our unit of
analysis is over an entire semester and results in more than 2,000 coded AREs.
However, we have found it useful to use the database to | ocate tracer-related nodes
and then to graph them in an ordinal fashion. Thisnetwork providesan inscription,
agraphical representation, that can then be used by theresearcher to scaffold her in-
terpretation as well as her presentation of the data. For example, in the work of
Barab, Hay, Barnett, and Squire (in press), they were ableto build two networks so
asto tracethe emergence, evolution, and diffusion of two learner practices (anima-
tion and geometric transformation) during the summer camp being investigated.
Their findings suggested that becoming knowledgeably skillful with respect to a
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particular practicewasamultigenerational process, evolvingintermsof contextual
demandsand availableresources. Thesetracingsfurther reveal ed thereciprocal na-
ture of learning and doing, with building conceptual understandings being apart of
doing concrete practices and doing practices being a part of student learning.

Focusing in on the practice of animation, they were able to document how the
practice of animation, and the nested parent—child relations practice, diffused over
thecamp, frequently changing handsamong studentsandinvolvingindependent ap-
plicationaswell asmore collaborative discussions. In addition, in-depth analysisof
thedial oguewithin parti cul ar nodes showed how the practicetransformed over time
(i.e., the contextual influence). Initially, students were more concerned with aes-
thetic appeal and realism; however, by Days 4 and 5, realism was secondary to the
need for completion. Timeefficiency eventually becamethemoresalient constraint
on defining the practice, with one student stating, “ At thispoint I’ m less concerned
with how itlooks. | just want to get him from oneside of the stageto theother.” Fur-
thermore, learner specialization for aparticular type of animation began to emerge.
By Day 5, thegroup had madeonelearner responsiblefor al walking behavior of the
characterswhereasanother student model ed head turns, and still another focused on
arm movement and animating the fingers of “the monkey’s paw.”

Returning to the three example scenarios previously described, we now de-
velop aN-ARE and then useit asaninscriptionto scaffold our interpretation of the
data (see Figure 6). Due to space limitations, Figure 6 only represents a section of
the evolution and diffusion of the tracer, eclipses. Specifically, it represents that
portion of the historical development of eclipses that we have already provided
transcriptionsfor in the above three scenarios. Again, we used numbered circlesin
aparticular column to denote nodes and their initiators, numbersto indicate partic-
ipants with a particular nodes, and we have added in a dotted line connection for
two nodes with the same number to signify those nodes in which it appeared to us
as if there were two initiators. Note, in addition to the nodes generated from the
coded dialogue about eclipses, we al so have included a sample of nodes represent-
ing the activities of other group members that occurred at the same time as the
above presented dialogue. However, when no member of a group was doing
tracer-coded activity, we simply left that area blank. In Figure 6, we also see that
on the left side of the instructor (Igor) are the members of Group A (Roger, Taro,
and Todd) and on the right side are the members of Group B (Erica and Keith).

In examining the development of the tracer for Nodes 3 through 18, we see that
for Group B the eclipse-related activities begin with Todd. This can be further un-
derstood when one appreciatesthat in agroup planning meeting it was decided that
Taro would focus on issues of scale, Roger would focus on planetary cross sec-
tions, and Todd would focus on the Earth, moon, and sun system dynamics asthey
relate to eclipses. Obviously, the activities in a group project are not totally com-
partmentalized and there were times when Roger and Taro were participants in
eclipse activities. For example, we can see how at Node 6 Taro is aparticipant and



-

LRy o
Pragentation Day

Day 2

Tay i

wfgw"’(p
a8 38
Atthis point, Todd was
lgaring about issues of e e
ho £ e
4 ad about s 36 { 37
logarithyms. No other b
member of Group A was
observed do vities
34
related {0
PO
{ 3¢

No member

of Group B
was chssrved
o doing
oo e

Foger Taro Todd lIgor Erica Keith

FIGURE 6 Tracer network for eclipses, showing eclipse-related nodesand linksfor Groups A
and B. Again, nodesare presented for eachinitiator with numbered circlesrepresenting nodeini-
tiators and noncircled numbers representing node participants. Shaded nodes represent
eclipse-related nodes. In addition, lines represent links between two nodes, with the dashed line
representing nodes that were dually initiated.

97



98 BARAB, HAY, YAMAGATA-LYNCH

at Node 11 Roger isaparticipant, and at Node 15 both Roger and Todd are partici-
pants in the activity the instructor initiated. As we have already stated, when one
examinesthe content of the nodes more closely we can see how setting viewpoints
moved from an issue at hand to atool-related practice. This last interpretation re-
quires reexamining the actual data, emphasizing that frequently the N-ARE is
simply aninscription that can support, and isnot sufficient for, datainterpretation.

Examining Scenario 2, Nodes 31 through 42, it isapparent that Ericaisthemain
initiator with Keith only initiating at Node 33. At Node 33, no onein Group A was
focused on eclipses, although if we had chosen logarithms as a tracer Group A
would have more shaded nodes during this point because the central activity for
this group at this time was related to logarithms. Again, to more fully appreciate
the content of these interactions we need to return to the coded nodes and possibly
even the original dialogue. Simply from an examination of the database, however,
it isapparent that the line of nodes became an important (conceptual and visualiza-
tion) tool for Group B. At a conceptual level, based on our interview with Erica at
the end of the class, visualizing the line of nodes was important in developing her
appreciation for why eclipses do not occur every month. Asavisualizationtool, in
Figure 5 we see how the diagonal line representing the line of nodes illuminates
when an eclipse occurs, and in their VR model it illuminates the importance of a
third dimension for understanding when eclipses occur, and how the 5° tilt of the
moon'’s orbit off the ecliptic plane limits the frequency of eclipses.

Examining the third scenario, Erica, continuing from Node 42, is still working
on adding the line of nodes to her model. However, Todd is also working on the
line of nodes at Nodes 45 through 49. Then, under the prompting of the mentor
(Node 50), at Node 55 Todd initiates a discussion with Ericaaround what the con-
cept line of nodesis and how she created the linein her model. Erica, then chang-
ing the discussion from line of nodes as a concept to avisualization tool, discusses
itsuseand its creation as part of her model. At Node 62, Ericacontinuesto work on
the line and Todd, at Node 64, shares what he learned with Taro and Roger.
Finally, at Node 65 we can see Erica presenting her model to the other class mem-
bers. Both from an examination of the dialogue and more directly from examining
theraw datawe can see the diffusion of knowledge from Group B to Group A. Itis
also evident how the instructor supported students by facilitating nodal activities,
being a participant more than an initiator. Even when he was initiating it was fre-
quently with Socratic questioning and not dyadic lecturing. Also notethat, in Node
46, our research team had difficulties deciding if the instructor was the Initiator or
if Keith wastheinitiator, and it was decided that there was dual initiation and par-
ticipation occurring so we coded both as initiators and drew a dotted line signify-
ing the dual initiation.

There are two distinct tracers on eclipses that this analysis generates through
this network of activity. The first tracer originates in Group A, starts with Todd,
and is indicated by the black links in Figure 6. The second tracer originates in
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Group B with Ericaand isindicated by the gray-hashed links. Thesetracersillumi-
nate the historical development of students’ use of eclipse within thesetwo groups.
Furthermore, when these two tracers come together and in fact merge in Nodes 55
and 58, they show the clear path of diffusion of understanding when Ericaintro-
duces Todd to the line of nodes concept. Although black-and-whitejournal figures
make this a challenge, we could imagine that when the groups begin to overlap in
Nodes 55 and 58 that the line may become amixed color link to indicate the blend-
ing of understanding. Furthermore, we may represent the changein Group A’sun-
derstanding attributabl e to Ericathrough some mixture between the black and gray
linkages to Node 64, whereas we observed little or no change in Erica’s under-
standing attributabl e to the interaction as she continues on to Node 62. However, at
this point in the evolution of this CN-ARE methodology we have not had an op-
portunity to flesh out these possibilities, and such inferenceswould clearly require
more intense member checking.

In completing this story it isimportant to provide evidence that this experience
was apart of students’ understanding. It isalso important to note that line of nodes
was not a course requirement or atool that the instructor initially imagined stu-
dents’ using in their projects. Using data from interviews carried out by Keating,
Barnett, and Barab (1999), Todd, in a preinterview, demonstrates his confusion
with the cause of lunar eclipses:

Interviewer:  When do we get alunar eclipse?

Todd: | think it has something to do with the day and night se-
guence. | guessthat whenthe Earthisturning, we seediffer-
ent sides of the moon.

In hispostinterview statement, Todd synthesized two conceptual and visualization
tools developed during the VR modeling process, the 5° tilt of the Moon’s orbital
plane and the line of nodes, to explain the reason for lunar eclipses.

Todd: The moon is going around the Earth and the moon is behind
the Earth and the Earth isgoing around the sun. The ecliptic
and therotational path intercept at theline of nodesand, due
tothe5° tilt, they crossat certain points. If itisatotal eclipse
thanitisan umbral eclipseitisbeet-red, if it isapenumbral
eclipse, then it is partial eclipse. It depends on when the
moon is on the line of nodes.

Although this response does suggest that Todd's ability to explain the reason for
lunar eclipses did grow, it provides little insight into this process and what con-
dition may have supported this growth. It does not tell the researcher that he
learned about line of nodes and its role in eclipses through collaboration with
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another student, or through enacting the line of nodes in his own model. The
power of the CN-ARE methodology is that it captures and represents cognition
in situ, showing how cognition is contextually embedded and distributed across
concrete experiences. This approach allows us to move beyond capturing
ready-made knowledge to capturing the situated dynamics that constitute know-
ing in the-making (i.e., students actualizing conceptua tools in their model and
as part of their collaborative dialogue).

TRUSTWORTHINESS, USEFULLNESS, AND
LIMITATIONS

Is the Coding Scheme Trustworthy?

Theoriginal coding schemewasdevel oped by Barab and Hay with necessary modi-
fications occurring while working on actual datawith six graduate students.* After
weironed out many of the details, jointly, on anumber of videotapes, our research
team coded numerous tapes separately. In establishing reliability, two researchers
coded the same 60-min segment separately. Results indicated 88% agreement in
terms of number of nodes selected, with one researcher selecting 22 interactionsto
be categorized as nodes and the other selecting 25. Examination of the videotapes
and the selected nodes suggested that, of those 22 nodes, all but one corresponded
tothesame segment inthevideo. Thenext stepin establishing reliability of the cod-
ing scheme involved examining the categories, subcategories, and codes selected
for each node. On average, both coders selected eight categories (pull-down
menus) per node (e.g., one issue at hand, two initiators, one participant, two prac-
tices, and two resources). In terms of the content selected within a category, there
was 80% agreement.

Other evidence for reliability was found in the research of Barab, Hay, Barnett,
and Squire (in press). In thisinstance, two researchers collaboratively coded 10 hr
of videotape for two separate groups building VR worlds. Altogether, 480 nodes
were generated, with 238 for one group and 242 for the other group. They stated,
“Given the qualitative nature of determining the boundaries of a particular node,
the relative consistency regarding the number determined for each group to some
extent validates our approach at nodeidentification” (p. 17). Although the number
of nodes derived was similar across contexts, the content of these nodes was
clearly different.

“We extend aspecial thanksto Kurt Squireand Michael Barnett for enduring the late hoursaswe de-
vel oped thiscoding scheme. Asthey can attest, tracing thismethod’ shistorical development wouldfill a
book.
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In spite of our ability to train a set of researchers who are then able to code
segments with consistency, the trustworthiness of a coding scheme based on our
subjective interpretations of such complex events is certainly not a straightfor-
ward process. We are having to coordinate student gestures, dialogue, computer
screens, and a class history all into a momentary judgement that occurs within
the continuous flow of data. Although later we can revisit videotaped interac-
tions, it is not possible to capture all the information in one video screen or to
resituate oneself into the momentary contextual dynamics based on a video.
Even if we could, it is important to note that the situation for the researcher may
be very different than the situation for the learner and, as such, any interpretive
judgements are necessarily suspect. As with the other limitations discussed later,
we view these not as reasons to abandon the methodology or to refrain from
building interpretations, but as points to consider and as problems to work to-
ward minimizing through interviews with participants and through using other
forms of data to triangulate interpretations.

Is the Coding Scheme Useful?

In terms of use, our goal was to develop a methodologica approach that would
support researchers interested in capturing the emergence and historical devel-
opment of learning in situ. More specifically, we sought a method for tracking
the emergence, evolution, and diffusion of practices, conceptual understand-
ing, resources, and student-constructed artifacts that occur across extended
time frames and that are distributed across multiple environmental particulars
(e.g., computer screens, collaborating individuals, textbooks). To this end, we
have found the CN-ARE methodology to be useful. At one level, the use of the
coding scheme to create a database of nodes is particularly useful for getting a
broad look at an element, to search for particular episodes, for drawing con-
trasts between groups (e.g., whether two teachers differ in terms of number of
times Socratic questioning was used), for simply examining the frequency in
which a particular resource was used (e.g., using the World Wide Web as are-
source) or a practice was carried out (e.g., how many times scaffolding was
used), for determining the average conceptual richness of the coded nodes, or
for discovering characteristic themes in the data. In particular, we have been
able to compare groups and gain insights into pedagogical differences and
group dynamics—differences that were consistent with interview and observa-
tional data

The more powerful function of the CN—-ARE methodol ogy isthat it can be used
to represent the historical development of cognition in situ, showing how cogni-
tion is contextually embedded and distributed across concrete experiences. The
CN-ARE approach has allowed us to trace the evolution of various practices and
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understandings and to see how environmental particulars (e.g., the development of
three-dimensiona worlds, discourse among individuals) contributed and were
bound up within thisevolution (Pea, 1993). In previouswork, Barab, Hay, Barrett,
& Squire (in press) used the methodol ogy to document the historical development
and diffusion of the practice of animation. They were able to show how the prac-
tice of animation evolved based on collaborative discussions, task constraints, and
contextual demands, and were able to illuminate the reciprocal relations of prac-
tices and nested concepts.

In the af orementioned discussion (see Scenarios 1-3 and Figure 6), we showed
how the N-ARES can be used to document the historical development and diffu-
sion of students' eclipse-related activities and understanding. We then used this
network, in conjunction with transcripts of student activity, to build a story of the
situated dynamics that we have argued constitute knowing in the making. On are-
lated note, this has been central to our design experiments surrounding our VSS
course in which we introduce interventions and use the CN-ARE methodology to
examine the role these interventions play in the learning process (Barab, Hay,
Barnett, & Keating, 2000).

In What Situations Is the Coding Scheme Useful?

Throughout thisdocument we havealluded to the useful ness of the CN—A RE meth-
odol ogy for capturinglearning within open-ended environments. Wehavefoundthe
CN-ARE to be appropriate for tracking the emergence and historical development
of knowing about within contexts in which individuals have access to various re-
sourcesand learning that isoccurring over extended timeframes. Thissuggeststhat
themethod’ suseful nessisbetter leveragedtolearning contextsinwhichthereisam-
ple opportunity for engagement with various resources and collaborating individu-
als. Furthermore, evolution of aparticular practice or understanding requires envi-
ronments that afford repeated opportunity to participate in the development and
application of apractice, or opportunity to gain new insightsinto an understanding.
However, thisis more than a “ crisscrossing of the same landscape’—to build on
Spiro and Jheng's (1990) metaphor. For the evolution of knowledge to take place
there needsto benovel contexts, in asense, new landscapesthat support thelearner
in continual renegotiation of practicesand understandings. We have been using the
CN-ARE methodology in collaborative, project-based environments where indi-
vidual members and, potentialy, individual groups are focused on shared tasks.
Within these contexts, there exists arich opportunity for knowledge diffusion.
The CN-ARE methodology may provide less insight into traditional didactic
lecture environments in which the goal is to transfer specific content from the
all-knowing teacher to the individual learner with little trandation of the knowl-
edge under question. Thisis because there is |ess opportunity to participate in the
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emergence, evolution, and diffusion of conceptual understanding, practices, and
resources.

What Are the Limitations?

With respect to the limitations of the CN-ARE methodology, we have already al-
luded to the need for rich learning contextsin which thereis ample opportunity for
the historical development of knowing about, thusrequiring that knowledge devel-
opment takes place over extended time frames and across multiple environmental
particulars. Therefore, in order to actually capturethese occurrences, itisnecessary
that researchers have large amounts of video data regarding student—student, stu-
dent—teacher, student-tools, and student—resourceinteractions. Both capturing and
analyzingthisdataareextremely labor intensive, and, in many situations, simply an
impractical task (see Jordan & Henderson, 1995). Therefore, this approach is ap-
propriate for researchers but will most likely havelittle application, at thisstage, to
the classroom teacher—although interpretations derived from analysis can prove
useful to teachers.

Other limitationsincludethetime-consuming processof training coders, getting
themproperly situatedineach new context, andthequalitativenatureof determining
theboundariesof aparticular node. To speak moredirectly tothelatter point, thishas
been the most challenging aspect of using the CN—A RE methodol ogy. Althoughfor
isolated segmentsweareabletoget highinterrater reliability, it hasbeen quiteachal -
|lengewhenit comestothemultivariateandidiosyncratic dynamicsthat characterize
real-world activity. Over time, as our research team continuesto work in the same
contextscoding similar typesof activities, we have been ableto increase our agree-
ment on the boundaries of what constitutes a“meaningful unit.” On arelated note,
we havefound that each new context carriesasteep enculturation curve aswe come
todevel op ashared languageand perspectiveon how to segment thedatainto AREs,
aswell asthelabelsfor thoseidentified units. Furthermore, we have not adequately
explored how theseboundariesoverlapwiththeactual participant’ sinterpretation of
recorded events. Clearly, toquoteoneof thearticle sreviewers, “ Theobservablebe-
havior of human actors does not wear itsmeaning onitssleeve.” Therefore, the ob-
taining of information about the participants’ interpretations, intentions, and
feelingswith respect to the observed activity isessential. Inthisresearch, wearein-
corporating what Jordan and Henderson (1995) called “video review sessions’ (p.
49), referringtothepracti ceof havingindividual swho havebeenrecorded cometoa
viewing session with the research team.

Another limitation is grounded in the requirement that one must be able to cap-
ture a significant amount of the relevant interactions. Within the summer camp
context researched by Barab, Hay, Barnett, and Squire (1998, in press), they found
it tenable to hypothesize that many of the meaningful interactions related to the
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particular tracers of interest happened under the lens of the video cameras. Albeit,
clearly outside experiences and the cultural milieu through which all activity takes
place are important and frequently uncodable components. In the context of auni-
versity course that happened over 15 weeks there were significant learning occur-
rencesthat happened outside of the formal educational environment being studied.
Therefore, it isunreasonabl e to believethat we have captured all of the meaningful
interactions. Infact, there were many occasionsin which students gathered outside
class or on weekends out of view of our video cameras.

There have been numerous critiquestargeted at network theory more generally.
For example, in critique against the Actor Network Theory (ANT) approach,
Engestrom and Escalante (1996) stated: “In its search for convergence,
irreversibilization, and closure, thiskind of analysis overlookstheinner dynamics
and contradictions of the activities of the various actors in the network” (p. 344).
They further stated that “ the conceptsof trust and reciprocity, so central in new theo-
rizing on network organizations, and the whole contradictory dialectic of coopera-
tion and competition, are curiously missing in the vocabulary of actor-network
theory” (p. 46). Our approach al so fail sto adequately incorporate the motivations of
individuals or to truly account for the cultural context within which the network is
situated—although onemay possibly createawebthat pulled out culturally relevant
chunks in that same way that we have pulled out more constrained ethnographic
chunks. Clearly psychological, cultural, and social factors are an important part of
understanding situationswhen oneadoptsasituated perspectiveonwhat it meansto
know and learn. Weare currently exploring waysof moreexplicitly including these
relevant factorsinto our coding and analysis process.

To reaffirm, our methodology is useful for identifying those interactions re-
lated to a particular tracer of interest. It is then the responsibility of the re-
searcher to contextualize these interactions in terms of the larger context in
which they unfold. For example, Barab, Barnett, Yamagata-Lynch, Squire, and
Keating (in press) used the CN-ARE methodology to identify the frequency of
occurrences related to a particular tracer, and then used Activity Theory
(Engestrom, 1987) to contextualize these in terms of the larger context (activity
system). We have found that coupling the network story with a more general
ethnographic account provides a much richer description of the context in gen-
eral. Actudly, in al our applications of the CN-ARE methodology, we have
been simultaneously building case studies and ethnographic accounts of the con-
text, and we are not sure on the usefulness of simply building networks without
an appreciation for this larger story.

CONCLUSION

All too often, assessments capture the productsof learning asconceived fromarep-
resentational perspectiveinwhichtheindividual’smind becomestheunit of analy-
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sis. Due to the fact that the individual is the unit of analysis, questions are rarely
asked regarding the interaction between the agent and environment and what con-
stituted the particular experiences that led to the understanding being assessed.
These assessments frequently fail to address the historical development and diffu-
sion of knowledge as it occurs, especially when conceived from a situativity per-
spective. Our goal has been to devel op amethodol ogy to capture theseinteractions
with the goal of tracing the historical emergence and development of knowledge,
alowing us to capture and understand the dynamic and contextualized process of
knowing inthe making. Central to our situative epistemological commitment isthe
conviction that knowing about is a continuous event distributed across multiple
timeframesand environmental particulars—not astatic structureexistinginanin-
dividual’ shead. Assuch, it was essential to have a methodol ogy for capturing and
tracing cognition conceived as such.

Inadvancing our CN-ARE methodol ogy, we began with adescription of thethe-
oretical assumptions, the issues to be addressed, and the rationale for the method.
Thiswasthen followed by an in-depth description of the method, along withitsap-
plicationto particular datasets. We described itsapplicationinterms of identifying
important interactionsand patternsandin providingadatabaseof codedinteractions
for later users of the database. Moreimportant, from our perspective, we described
and provided an in-depth exampl e of how we applied the method to trace the emer-
gence, evolution, and diffusion of students' understanding and visualization of
eclipses. Through following knowing in the making as it relates to eclipses we
gained insightsinto how setting viewpoints moved from the focal point of student
activity to atool-related practice useful for illuminating the Earth, moon, and sun
systemdynamics. Weal sowereabl etoview thehistory of thenested astronomy con-
cept thelineof nodes, and how thisconceptual tool transitioned fromavisualization
tool to a conceptual one and then back to a visualization tool.

We then offered methodological discussion of the trustworthiness, usefulness,
scope of application, and limitations of the method. More specifically, we talked
about the usefulness of thistool to produce inscriptions for the researcher that can
scaffold theinterpretation aswell asthe presentation of the data. We al so discussed
thechallengeswith respect to defining epi sodeboundariesandin carving out chunks
of meaning within the continuous flow of data, a processthat we have found to re-
quireanintimateappreciationfor thecontext being examined. Thechallengesinher-
ent to the requirement that one must be able to capture a significant amount of the
relevant interactions was also discussed. Even withstanding these challenges we
have found the CN-ARE methodol ogy to provide a useful tool for building repre-
sentations of knowing in the making as conceived from a situative perspective.

The CN-ARE methodology allows researchersto identify relevant datafroma
complex, evolving environment, and then to organize it into aweb of meaning that
canilluminatethe emergence and historical development of various practices, con-
cepts, resources, and artifactsoccurringover extendedtimeframes, aswell asthepo-



106 BARAB, HAY, YAMAGATA-LYNCH

tential of aparticular environment for supporting theseprocesses. Whenresearchers
focusonlearning situated as part of acomplex, evolving environment, the datathat
can be generated regarding learning can easily become overwhelming. The goal of
our datacollectionistocapturelearninginaway that wecanfully appreciateitscom-
plexity and makeit accessibleto future analysis. We utilize several datacollection
methods to accomplish this: We (a) use humans as data-collection instruments, (b)
videotape the event, and (c) developed a minimal ontology to efficiently describe
and organize in a database the critical aspects of the cognitive process.

Regarding the first method, Lincoln and Guba (1985) articulated the advan-
tages of using humans asinstrumentsin that an immersed human can be sensitive
to the subtleties of the here and now, aswell asto the spatial, social, and historical
trajectory through which the unfolding events are contextualized and given mean-
ing. Consistent with Jordan and Henderson’s (1995) discussion of thevital role of
video in interaction analysis, we also found that our approach depends on the
“technology of audiovisual recording for its primary records and on playback ca-
pability for analysis’ (p. 39). Thereis only so much information that an observer
can captureon thefly, and videotapesallow ustorevisit and elaborateon thein situ
coding. Additionally, it can provide a means of member checking with partici-
pants. Third, we have developed a restricted vocabulary to describe the captured
eventsin an efficient manner. The vocabulary serves both as a mechanism to col-
lect and to code the data for further analysis. These three data-collection methods
create the primary data set for the CN—-ARE methodology.

The central organizing metaphor for the fina portrayal of data using the
CN-ARE methodology is the network. As previously stated, the key elements of
any network are nodes and links. In CN-ARE, nodes are analogous to what quali-
tative researchers describe as units or chunks of meaning (Lincoln & Guba, 1985).
These discrete chunks of meaning must beidentified within the continuous flow of
datathat comes from an authentic learning environment. In the CN-ARE method-
ology, we call these units ARES and have described the particular boundaries of
our AREs as well as its constitutive elements. The last step in our approach in-
volves using the database to build a network that allows the researcher to equate
multipletime scales and multipleinteractionsin amanner that supportstracing the
historical development of a practice, conceptual understanding, resource, or stu-
dent-constructed artifact. Through this process, the final visualization loses much
of the richness and important context that was a part of the original experience;
however, this process makes possible the coordination of multiple time scales and
environmental particulars, which is necessary when one views cognition as dis-
tributed (Salomon, 1993). To aid the researcher in using the database, we are cur-
rently working on astrategy to easily expand grain sizes so asto contextualize the
node being examined. Using advanced digital technologieswe are ableto link the
nodes in a network directly to the original clips from which they are generated.
Therefore, a researcher who is examining a network can ssimply click on a node
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and see the associated video clip as well as extend this clip out to interactions oc-
curring before and after the particular node being examined.

Our methodology builds on interaction analysis (Jordan & Henderson, 1995),
Activity Theory (Engestrom, 1987; 1993; Leont’ ev, 1974, 1981), network theories
(Doreian & Stockman, 1997; Doreian & Woodward, 1994; Latour, 1987), and the
notion of tracers (Newman et al., 1989). However, our methodology also expands
on or departs from these others in important ways. First, we have built oninterac-
tion analysis, explicitly defining the elements and boundaries of an interaction,
and then creating links across particul ar interactions so that aresearcher may trace
the historical development of the phenomenon of interest. Second, regarding ac-
tivity theory, we have broken down the elements of the episode and then made
connections among episodes in much more fine-grain detail than we have seen
used in other work.

Third, with respect to network theories, we have theoretically bound our con-
ception of what constitutesanodein termsof an ARE. This provides methodol ogi-
cal constraints and theoretical grounding to analytical decisions about parsing up
experiences. Furthermore, and specifically in contrast to actor-network theory
(ANT), our view of an ARE positions individuals (and not nonhuman objects) as
the primary agentsin determining the historical development of the practice, con-
ceptual understanding, resource, or student-constructed artifact being traced. We
aresimply using ANT asastructural framework for the development of our analyt-
ical approach and not as a theoretical framework for conceiving the relationship
between human and nonhuman actors.

Third, whereas ANT has been primarily applied to more global characteriza-
tions of activity systems in general, we have used it to define the individual in-
stances or episodes of action. Following the characterization of the local episodes,
our methodology involves stringing these instances of activity together to form a
more global web of activity while also illuminating the nested relations through
which the more global characterization has come about.

Fourth, whereasNewman et al. (1989) used theterm tracer to denote apreexist-
ing methodological strategy to find the “same activity” across different contexts
without resorting to intensive interpretation, in our approach tracers are identified
through grounded theory development (Glaser & Straus, 1967) and refer to con-
nected paths of events (network) that constitute the historical development of the
particular phenomenon that the researcher isinterested in understanding. Follow-
ing this examination, it would then be useful to identify similar tracersin different
contexts and compare their networks.

IMPLICATIONS

Although researchershavetypically relied on methods such as*“think alouds,” pro-
tocol analysis, and stimulated recall to understand cognition, the CN-ARE meth-
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odology proposedinthisarticle providesameansof capturing cognitiveactivity on
thefly asit unfoldsinitsfull contextualized splendor. The ability to capture know-
inginthemakingisbecomingincreasingly valuable aseducatorsdesign andimple-
ment more participatory-based learning environments where students are central
initiatorsin the learning process. Thisinformation is particularly useful in design
experiments where the goal isto introduce innovations and understand the impact
of theseinterventions on environmentsintentionally designed to support learning.
Inthisarticle, we described and then provided evidencefor the trustworthinessand
usefulness of our CN—A RE methodol ogy. Future research must continue to exam-
ine the applicability of this approach for multiple contexts. More important, we
need to continue to explore what types of information this method, as opposed to
other techniques, provides, and why thisinformation is useful.

One potential expansion of this methodology isto add quantitative information
to the information coded at the node level—in a sense, quantifying the qualitative
analysis of the data. For example, Chi (1997) discussed methodological practices
that draw on content and discourse analysisfor quantifying qualitative analyses of
verbal data. Such an approach would first involve chunking interactions from the
flow of experience into the episodes that would constitute the database (as de-
scribed in the CN-ARE approach above). From here, the researcher would then
examine videotapes to more comprehensively examine the content of the interac-
tions. A rubric or coding scheme would then be applied to each interaction, evalu-
ating it in terms of the dimensions of interest (e.g., conceptual understanding,
soundness of argument, quality of design). The coded interactions would then be
mapped out as a network with the quantitative scores attached to each node. Inthis
way, theresearcher could visually show the evolving sophistication of the particu-
lar content or dimension being assessed—statistical analyses could also be used to
provide further evidence of thelevel of change. Furthermore, the researcher could
focusin on those periodsin which there was aclear rise or fall in scores, building
grounded theory about causes for the shift. We view the coordination of content
analysis, discourse analysis, and the CN-ARE methodology discussed as offering
much to researchers who want to better understand and explain the historical de-
velopment of knowing about aswell as the products that students build during the
learning process.

We are at atime of paradigmatic shifts in ontology, epistemology, and peda-
gogy, and researchers need to continue to look for novel techniques that are able
to capture cognition conceived as situated. As we continue to do empirical re-
search the descriptions of context, knowing about, and their mutual relations
will become more sophisticated. However, commensurate with recent
epistemological shifts, it isatime for real and meaningful exploration, applying
data analytic techniques that afford researchers rich descriptions of the process
through which learners become knowledgeably skillful within the context of
their participation. Once we have a better understanding of these processes, we
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can then examine the influence of various interventions for supporting students
in this process. We hope that this article stimulates discussion and prompts re-
searchers to explore innovative methods for capturing the emergence, evolution,
and diffusion of knowing about (the distributed event and not the cognitive
structure), alowing us to better understand cognition and to improve environ-
ments intentionally designed to support learning.
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