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Abstract 

 

The study of representational practice in mediated environments is becoming 

increasingly relevant to our understanding of how collaborative meaning making 

processes are supported (or not) by technology affordances. The current work presents an 

empirical analysis of how a small group of participants developed technology mediated 

representational practices over a four-day period while meeting in an online 

whiteboard/chat environment.  

The central issue taken up in the study is the alignment between the participants’ 

appropriation of technology affordances for mutability and their in-situ multimodal 

interaction. There were three research objectives: (1) How are inscriptional media 

appropriated in technology mediated interactions, (2) How are observed interactional 

practices aligned with the appropriation of technology affordances for mutability, and (3) 

How interactional practices influence successive situated activity in semiotic rich 

environments and support the development of representational practices. 

A sequential microanalysis approach based on principles, concepts, and 

techniques from conversation analysis was used to examine chat log transcripts and 

screen recordings of interaction in all four meetings.  

The results of the analysis identified a strong alignment between the participants’ 

interactional organization and two repeatedly invoked representational practices for 

handling multiple but related geometric problems. The findings illustrate the contingency 

of these practices and their development to multimodal affordances for constructing, 

manipulating, and referencing inscriptions. An unexpected finding indicated that 

participants established and maintained multiple sequential interaction orders for their 
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work. These different sequence organizations were partly attributed to the multimodal 

design and semiotic-richness of the online technology.  

The findings contribute to an existing body of practice-based studies of online 

learning by providing empirical evidence for the efficacy of modal rich but modifiable 

interactive media in learning technologies. In addition, the identification of multiple 

sequential interactional orders suggests a new point of inquiry into the study of 

technology affordances for intersubjective meaning making and the development of 

representational practices over time. 
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Chapter 1: Introduction 

An encompassing motivation for researchers of technology enhanced learning is 

to understand how forms of technology mediation enable, influence, and shape human 

interaction that is distributed across people, place, time, and media. One of the least 

understood aspects of such systems is the utilization of visual spatial media for joint 

meaning making. Text media such as discussion forums, chat rooms, and wiki pages are 

and have been a prevalent means for carrying interaction, yet many technologies 

complement verbal modalities by including support for visual media. 

Inscriptions such as diagrams, lists, charts, figures, notational systems, 

animations, and images are increasingly integrated into collaborative learning 

technologies where the computer medium is highly amenable to the storage and retrieval 

of visual artifacts. Technology innovations have extended this support by providing 

inscriptional devices such as interactive whiteboards (Mühlpfordt & Wessner, 2005), 

hybrid chat and whiteboard systems (Zinman & Donath, 2009), knowledge maps 

(Scardamalia, Bereiter, McLean, Swallow, & Woodruff, 1989; Suthers, Toth, & Weiner, 

1997) and other interactive visual spatial environments (Coopey, Danahy, & Schneider, 

2013; Heer, Viégas, & Wattenberg, 2007; Ramamurthy, Wilhelmson, Pea, Gomez, & 

Edelson, 1995; Roschelle et al., 2007). Despite the potential interactional enrichment 

offered by these visual spatial tools, their relevance to technology-mediated joint 

meaning making remains an open research question. Studies of social interaction within 

professional scientific discourse and science education stress that inscriptions have a 

social role (Kozma, 2003; Roth & McGinn, 1998; Streeck & Kallmeyer, 2001). 

According to these studies inscriptions do more than convey information. They function 

as discursive resources for building and negotiating meaning through their practical 

construction, interpretation, and transformation in social activity. Studies that consider 
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the processes and implications of inscriptions in interaction draw on the concept of 

representational practice to frame their inquiries (Dwyer & Suthers, 2006; Michael Lynch 

& Woolgar, 1988; Medina & Suthers, 2008; Roth, Pozzer-Ardenghi, & Han, 2005; 

Suchman, 1988). 

A representational practice can be generally defined as a set of methods and 

procedures for working with external representations that are relevant to a specific 

concern or knowledge domain. These practices are epistemic and socially derived. Two 

recent studies of technology-mediated small group interaction have suggested that the 

appropriation of persistent inscriptions is critical not only for sustaining spatial-temporal 

cohesion but contributes to the development of representational practices over time 

(Medina, 2013; Suthers & Medina, 2010). These studies documented the manner in 

which prior verbal and nonverbal artifacts were appropriated across multiple problem 

solving contexts. In other studies, the utilization of inscriptional resources in learning 

contexts has been shown to support the development of epistemic reasoning and 

discourse in mathematical practice (Cobb, 1999), topology (Enyedy, 2005), chemical and 

biological sciences (Kozma & Russell, 2005; Roth & McGinn, 1998), and physics 

(Roschelle, 1992; Roth, 2001). These studies collectively indicate that inscriptions carry 

domain relevant meanings for participants that develop through a historical trajectory of 

negotiation over and about those inscriptions. For learners, the availability of graphs, 

charts, diagrams, and so on are not necessarily static, objectified signifiers of meaning. 

Rather, as the above studies suggest, inscriptions develop into taken as shared 

understandings through processes that are grounded in authentic social interaction. Thus, 

a historically situated account of representational practice reveals an alignment between a 

group’s interactional practices, the coordination of multimodal resources, and the 

available tools for manipulating those resources. Endogenous representational practices 
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for manipulating and coordinating a particular class of inscriptions are entwined with past 

and present situated activities in observable ways (Suthers & Medina, 2010) 

Computer supported collaborative learning (CSCL) environments enable the 

establishment of a range of temporal, material, and social affordances for interaction. For 

example, in synchronous interaction settings users may appropriate a wealth of resources 

that are spatially and temporally cohesive (i.e., same-time-same-environment). These 

resources are distributed across verbal and nonverbal media and are appropriated in-situ. 

Meaning making is tightly coupled with the participants’ actions and the immediate 

situation. In contrast, participation in asynchronous interaction settings (different-time-

same-environment) depends primarily on users’ attempts to make sense of persistent 

artifacts as traces of prior individual or group activity. In this scenario, spatial-temporal 

cohesion is contingent on the availability and appropriation of media artifacts. The 

semiotic and material properties of visual media may become more salient for activities 

that are distributed over time. This has potential bearing on our understanding of 

representational practices that are situated in technologies that support activities beyond 

the single lesson, episode, or treatment. Practices are multi-scalar and technologies that 

mediate interaction play an important role in supporting the development of learners’ 

repertoires over extended time scales (Lemke, 2002). 

Understanding technology-mediated representational practices can broaden 

perspectives in the fields of human-computer interaction and the learning sciences 

concerned with the design and utilization of persistent artifacts in online learning settings. 

Education researchers and practitioners can be informed of the relevant ways visual 

media can be integrated into technology-supported curriculum. Studies of 

representational practices can advance methods and frameworks for designing 

multimodal interaction curriculum, (Siegel, 2006), and supporting the development of 
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sustainable representational (Kozma, 2003), and interactional (Young, 2011) 

competencies. Case studies that investigate technology mediated representational 

practices can inform design guidelines for including visual spatial media in discursive 

environments. Technology designers may also benefit from research-based perspectives 

on the contextual use of persistent artifacts and their management within applications.  

OVERVIEW 

Technology mediated settings offer multiple modalities for interaction. A core 

issue for this dissertation is the relation between multimodal interaction and designed 

environments. To address this issue I will use a case study approach to investigate the 

meaning making practices of a small group of students while interacting in an online 

whiteboard and chat environment over the course of four days. The purpose of the study 

will be to (1) understand the alignment between the participants’ appropriation of 

technology affordances and the organization of joint activity and (2) explore how 

inscriptional technologies may contribute to the emergence of representational practices 

over time.  

The next chapter provides a background on the thinking and related work that 

motivated the current study. Chapter 3 describes a sequential analytic approach used to 

investigate group level practices. Chapter 4 presents the case study analysis followed by a 

discussion and elaboration in Chapter 5. Chapter 6 summarizes and presents the 

significance of the findings. 
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Chapter 2: Background 

REPRESENTATIONAL PRACTICES IN CSCL 

Accounts of meaning making practices in computer supported collaborative 

learning (CSCL) activity are motivated by questions concerning how the work of 

collaboration gets done and how these processes are reflexively aligned to the 

technological and social environments in which they are enacted (Koschmann et al., 

2005; Koschmann, Stahl, & Zemel, 2007; Roschelle, 1996; Stahl, 2007). I take the view 

that technology is not limited to influencing immediate action. Learners can appropriate 

the resources of the technological medium for their own purposes, and this appropriation 

(as well as the influence of the technology) can develop over time. I accept that various 

technologies enable and guide communication in certain ways, but place an equal 

emphasis on the agency of those who use the technologies. Collaborative learning is not 

merely a matter of communication or information sharing, but also involves knowledge-

construction phenomena that take place at the group level (Scardamalia & Bereiter, 1991; 

Stahl, 2006a). A given technology offers affordances (action potentials) that may 

influence how learners engage in this knowledge construction (Lajoie & Derry, 1993; 

Suthers & Hundhausen, 2003) but not in a deterministic manner. Participants in 

collaborative learning will develop practices by which they use the technology, and these 

practices may emerge over time and in a setting. Thus, if we want to understand the 

implications of our technological designs for learning, we need to examine learners’ 

practices over time. 

Prior work in the learning sciences and other traditions have drawn attention to 

representational practice, or the use of inscriptional resources, as an important line of 

inquiry in the study of meaning making practices (Cobb, Stephan, McClain, & 

Gravemeijer, 2001; Enyedy, 2005; Kozma & Russell, 2005; Roth, 2003). My colleagues 
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and I argue, as have others, that these representational practices are actively negotiated 

and deployed, and inherently contingent on multiple temporal, material, and social 

dimensions (Dwyer & Suthers, 2006; Medina & Suthers, 2008; Suthers, Vatrapu, 

Medina, & Dwyer, 2007). Our interest in representational practices is a natural extension 

of our interest in representational affordances of designed environments (Suthers & 

Hundhausen, 2003; Suthers, Vatrapu, Medina, Joseph, & Dwyer, 2008). 

Representational practices in the current work are viewed as embodying strategies 

for constructing, manipulating, and interpreting inscriptions. The term inscription is used 

here to refer to notations, sketches, graphs, diagrams, tables, and other visual markings 

that are recorded and persist within a medium (e.g., computer screen, paper, stone). 

Greeno and Hall (1997) are often cited as outlining a working definition of 

representational practice. They argue that the production of non-standard inscriptions 

(inscriptions that deviate from accepted and conventional use of tables, equations, etc.) is 

a valuable form of reasoning within a subject matter or domain. Learner-constructed 

inscriptions should be seen as productive attempts to make sense of a problem rather than 

a failure to demonstrate targeted levels of competence. Monitoring such constructive 

processes emphasizes a program of research that includes but is not limited to an 

assessment of meaning making practices (Greeno, 2006). 

Meaning Making in Representational Practices 

Since the early 1990’s at least, studies of representational activity in learning 

interactions known as meta-representational competence have illustrated the importance 

of inscriptions for influencing conceptual change. The essential argument begins with the 

idea that requisite conceptual knowledge for making sense of representations coevolves 

with representational activity (diSessa, Hammer, Sherin, & Kolpakowski, 1991). Studies 

of meta-representational competency convincingly argue that one’s ability to represent 
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knowledge is a constituent of one’s level of conceptual understanding within a domain 

(diSessa & Sherin, 2000). These competencies, however, develop most dramatically in 

social settings where meanings are publicly shared and negotiated among learners 

through inscriptions as well as language (Granados, 2000; Roschelle & Teasley, 1995).  

Enyedy (2005) provides an example study of representational practice by 

highlighting the social context in which inscriptions are generated, discussed, and 

stabilized as a classroom cultural practice. The study involved an analysis of 3rd and 4th 

grade students engaged in a mapping activity. One of the phases of the activity was that 

the students were to construct maps of a city using a “bird’s eye view”. As expected, this 

constraint exposed a problem for how they would represent the height of objects in their 

maps. In this case, the students were challenged with coping with the affordances and 

constraints of a representational system (topographical maps). Enyedy’s analysis 

illustrated a trajectory of how this locally recognized problem led to a series of social 

negotiations and eventual establishment of a representational convention (invention) for 

representing height that found congruence with normative mapping practices.  

Other researchers also note the dynamic between inscription making and activity 

over time. Hall (1996) argues that successive activity and related artifacts provide 

opportunities for learners to repurpose strategies and inscriptions across problem solving 

situations. An example of this kind of repurposing was illustrated in Roth (1994). In his 

study Roth analyzed group interaction in a physics classroom over an extended period of 

time. His analysis highlighted how learners’ access to a chalkboard supported their 

formation and refinement of inscriptions across multiple problem solving activities. He 

observed how the availability of inscriptions from prior activity supported the learners in 

establishing and recognizing locally relevant graphemes as a basic building block for 

constructing inscriptions related to situation relevant problem solving during different 
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phases of the curriculum (students experimented with different types of pulley systems). 

Roth refers to a grapheme as a locally established graphical convention that can be 

repurposed and recomposed in successive activities. He writes about his observation of 

one of the later phases of the classroom activity, 

…a set of graphical conventions was already shared so that participants could use 
them to construct the setting of their work. That is, graphemes drew meaning 
from their intersituational reference to other conversations... (Roth, 1994, p. 180) 

He further clarifies in his analysis that graphemes do not hold conceptual meaning in 

isolation but are composed into situation relevant meanings. Roth’s observations of 

learner interactions around a chalkboard highlight an important aspect of representational 

practice as a repurposing of inscriptional resources in successive activities.  

In a similar classroom study using physical devices, Meira (1995) monitored 

learner-constructed inscriptions (on paper) during multiple problem solving situations. In 

his four-month study, Meira observed how students utilize inscriptions during 

mathematical activity and how their use of mathematical tables evolved over time. The 

students used two different physical devices (a winch and a spring) and a ‘number 

machine’ as part of their exploration of linear functions. Meira notes the emergence of 

mathematical tables as a learner-constructed resource supporting ongoing meaning 

making through multiple, successive problem solving instances. He argues, consistent 

with Roth’s (1994) findings, that the construction of inscriptions (tables) emerged to meet 

immediate situation-relevant challenges while also affording the students’ repurposing of 

the tables in subsequent meaning making. Meira invoked the notion of representational 

niche (Hall, 1990) as a characteristic of inscriptions in which an external representation 

contains a number of different “variable slots” that can be specified and/or rearranged to 

address a particular problem. This is also similar, in many ways, to Collins and 

Ferguson’s (1993) notion of epistemic forms and epistemic games. Forms are external 
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representations that encourage and align with particular kinds of problem solving activity. 

For example, the construction and maintenance of hierarchical lists may align with how 

learners might organize and ‘see’ information in the world. The key idea here is that 

inscriptions relate content as well as a structure, both of which find relevance in 

particular moments and settings – the ‘game’ (in reference to Wittgenstein’s ‘language 

games’; Collins & Ferguson, 1993). Observations of this alignment are noticed in 

scientific as well as learning activity. 

Researchers of scientific practice have also advanced the notion that a 

community’s representational practice can develop over time and across settings. Lynch 

(1988) observes that the appropriation of inscriptions in expert practice is a historically 

situated and transformative process. Inscriptions do not simply depict aspects of the 

world.  Through successive and negotiated transformations over time, they come to 

embody particular interpretations of natural phenomena. Lynch frames these 

interpretations as being forms of selection (an inscription reveals what is analytically 

relevant about a specimen) and mathematization (an inscription makes aspects of the 

specimen quantifiable in graphical space). Thus, inscriptions represent an interpretation 

about the world that is subsequently juxtaposed and elaborated in texts within the 

discourse of science. Latour (1990) discusses the properties of inscriptions as being able 

to mobilize such interpretations across time and space as cascading inscriptions. 

Inscriptions carry knowledge forward as a resource for successive appropriation within 

and across communities. This affords us more careful consideration of how inscriptions 

produced in learning activity may serve similar purposes for learners over time and in a 

setting. 
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Pragmatics of Representational Practice 

Studies of representational practice anterior to the learning sciences make 

arguments similar to those outlined above but focus on the communication processes that 

are enacted in social as well as learning activity. The ethnomethodological and 

conversation analytic traditions (Goodwin & Heritage, 1990) in particular, emphasize the 

identification of the sequential organization of talk as entwined with shared 

understandings of representations (Goodwin, 1994). Taking the turn-by-turn pattern of 

interaction in any social activity as an analytic starting point has yielded valuable insights 

into the in-situ emergence of meaning making practice (Koschmann et al., 2005). 

Although conversation analysis was originally proposed to handle speech and text 

exchanges, numerous scholars have taken an ethnomethodological approach, in principle, 

as an inroad to understanding interaction mediated by more semiotic rich settings such as 

classrooms, scientific field work, and online environments (Roth, 2001; Goodwin, 1995; 

Cakır, Zemel, & Stahl, 2009).  

Situated Activity Over Time 

There is a convincing body of work showing that learning, problem solving and 

indeed the organization of activity in general are contingently achieved accomplishments 

(Garfinkel, 1994; Goodwin, 2000; Koschmann et al., 2007), deeply embedded in the 

particulars of the participants’ situation (Greeno, 2006; Lave & Wenger, 1991; Suchman, 

1987). Theories of situated cognition and learning were motivated in part by a reaction 

against cognitive explanations of behavior that postulate mental representations and 

mutual beliefs as determinants of behavior. Neither mental representations nor “common 

ground” (Monk, 2003) are visible to the analyst or participants, and such accounts have 

been critiqued on this basis, e.g., (Clancey, 1991; Koschmann, Goodwin, LeBaron, & 
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Feltovich, 2001; Suchman, 1987). Instead, situated accounts look to the structure of the 

physical environment (especially cultural artifacts) and social interactions.  

Regardless of one’s stance on mental representations, a “situated” perspective is 

particularly appropriate for studying representational practices. Most interactional 

settings offer various semiotic resources, including audio, gesture, and mutable surfaces 

and objects, and we need to understand how these resources are drawn upon for 

organizing meaning making activity (Suthers, 2006a). Some of these semiotic resources 

are inscriptional resources that persist after use. Persistent inscriptions and other cultural 

artifacts extend the contingency of action across space and over time (Latour, 1990), 

supporting the replication of practices. More generally, Blumer tells us, “any instance of 

joint action, whether newly formed or long established, has necessarily arisen out of a 

background of previous actions of the participants” (Blumer, 1969, p. 20). Therefore, to 

understand the development of representational practices in a learning environment, it is 

appropriate to attend to how participants’ and others’ prior work is made available as 

resources via persistent inscriptions and other devices. These practices develop into, and 

function as, mechanisms for the formation, negotiation, and refinement of ideas. The 

structural and emergent properties of representational practice thus provide an analytic 

frame for tracing and delineating important aspects of joint meaning making activity that 

are supported by semiotic-rich online environments. 

Representational Practices in Semiotic Rich Contexts 

Situated interaction has a mutual elaborating relationship with the environment 

(Suchman, 1987). The environment offers an array of external resources for action-

relevant appropriation. These actions are multimodal in nature and distributed across 

participants, media, and time. Situated action is also an emergent, negotiated, and ordered 

phenomena. Interaction modulates, redefines, or otherwise reconfigures the resources 
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within the environment, thereby enabling and constraining subsequent actions. The ebb 

and flow of appropriation and modulation is sequentially organized (Garfinkel, 1994; 

Goodwin & Heritage, 1990). With respect to this relationship Charles Goodwin wrote, 

The issues posed for the analysis of action in such a setting involve not simply the 
resources provided by different semiotic systems as self-contained wholes, but 
also the interactive practices required to juxtapose them so that they mutually 
elaborate each other in a way relevant to the accomplishment of the actions that 
make up the setting. (Goodwin, 2003, p. 237) 

Modes of communication in any setting have a materiality that enable and 

constrain what kinds of meanings can be expressed through their appropriation (Jewitt, 

2008). Baldry and Thibault (2006) make reference to the coupling between meaning and 

modality as defining a semiotic system. Verbal and non-verbal modes and their aural and 

visual realizations can project very different meanings in isolation and in coordination 

with each other. The relation between media, its mode, and meaning potential is not 

absolute nor is it deterministic. As the quote by Goodwin alludes, these meditational 

constraints are describable with respect to how they are organized and thereby exposed in 

joint activity.  

The study of interaction in modally rich environments such as those we encounter 

in technology-mediated settings requires an understanding of both the properties of 

semiotic systems as elements of the setting and how those systems are coordinated and 

appropriated in joint activity. More importantly for this study, technological provisions 

for maintaining persistent states over time as artifacts and traces of activity invites 

questions concerning how resources established in the moment influence the 

development of interactional and representational practices in subsequent moments. 

Hence, what is being sought is a longitudinal understanding of representational practice. 

The research questions proposed for this dissertation are premised on the idea that 

technology mediated interaction can be investigated by uncovering the relationship 
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between the properties of an environment defined as one or more semiotic systems and 

the interactional practices that make those properties relevant and consequential for joint 

meaning making (Schegloff, 1991). Social interaction is progressively constructed from 

the particulars of the setting and produces, in its wake, a trace of its structure. The overall 

concern here is to investigate how such interaction-formed structures align with 

technology mediated and semiotic rich settings. There are three analytic priorities for 

investigating such interactional practices:  

1. The sequential organization of joint activity,  

2. Technology affordances for multimodal interaction,  

3. The development of technology mediated interactional practice over time.  

The following sections provide a review on the methodological and theoretical 

background underpinning these priorities and what questions remain under-researched at 

the moment. 

SEQUENTIAL STRUCTURES OF INTERACTION 

Sequential Organization and the Machinery of Interaction 

The sequential ordering of situated interaction is an enduring characterization of 

joint human activity. Any instance of human communication is a temporally unfolding 

series of communicative actions. How these actions relate from one moment to the next 

and from one participant to another within a setting has been the empirical focus 

advanced in the discipline of ethnomethodology and its applied field, conversation 

analysis (Garfinkel, 1994; Goodwin & Heritage, 1990).  

The basic structural unit of sequentiality specified in conversation analysis (CA) 

is the adjacency pair. An adjacency pair is characterized by two utterances in which one 

(second-pair part) follows the other (first-pair part). For example, a greeting, such as 

‘How are you?’ (first-pair part) invites a response (second-pair part), such as ‘fine!’ at the 
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appropriate next speaking opportunity. This is an oversimplification, as offering no 

response may be taken as a second-pair part, thus opening up a range of subsequent 

sequential mechanisms for the participants to work out the non-response as a relevant 

next action in the setting (e.g., relevant to the greeting in our example; Sacks, Schegloff, 

& Jefferson, 1974). 

The elementary example given above illustrates an important point in our 

consideration of interaction. The sequential structure of joint human activity is 

fundamentally negotiated. Problems emerge in our joint activity (e.g., the relevance or 

irrelevance of the non-response) that invoke other courses of action and their sequential 

structures. For example, a response to the greeting may not be one that is expected (e.g., 

‘Did you read the paper?’ as a response to ‘How are you?’), but nonetheless occupies the 

next position created by the greeting. Here, the implications of the response may be taken 

up by the first party as problematic or might just as well be accepted as a legitimate 

response to the initial query. If the response is problematic, the first party may initiate a 

sequence of locating and repairing the trouble spot. In this case, the first party may repeat 

the greeting or request a follow up to the problematic response. Studies in CA have been 

prolific in identifying and describing these kinds of sequentially organized structures in a 

multitude of different settings. One of the systemic characteristics of sequential 

organization of interaction formulated by Sacks and his colleagues was the notion of turn 

taking.  

A turn-taking system is one structural order above adjacency pair as it provides a 

basis for managing turns at talk. It consists of three components: (a) turn constructional 

units determine the point at which a turn transition may occur, (b) mechanisms for 

speaker selection such as who speaks next, and (c) a set of rules that delimit the options 

for action at each turn transition (Sacks et al., 1974). At its inception, the notion of a turn-
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taking system offered an analytic framework for investigating how interactions might 

vary structurally within and across settings (e.g. differentiating turn taking in casual 

telephone conversations as opposed to doctor-patient consultations). Turn-taking systems 

in a variety of different discursive settings expose a number of different contingencies 

such as the number of parties involved in the interaction, the organization of openings 

and closings, and the allocation of turns (Schegloff & Sacks, 1973; Schegloff, 1987).  In 

this view, features of the setting act as parameters for describing how a particular context 

is defined through the deployment of particular turn-taking moves.  

A turn-taking system, from a CA perspective, is systemic to all forms of joint 

activity. Any instance of human interaction can be observed with respect to how 

participants manage turn transitions, how next speakers are selected, and what governs 

how things are to proceed from turn to turn where some course of action is preferred and 

selected over another (Schegloff, Jefferson, & Sacks, 1977). We might consider a 

courtroom setting as one such turn taking system. The expected ordering of action is 

presumably shared by all participants involved (e.g., turn allocation is highly managed 

through established legal discourse practices as well as the roles played by judges, 

attorneys, and witnesses). Deviation from the expected unfolding of turns is constrained; 

judges and attorneys demonstrate themselves to be competent participants and witnesses 

are “instructed” on how to participate. Turn taking systems in less institutionalized 

settings are of a strikingly different character. In casual conversation for example the 

organization of turns at talk are more loosely managed but remain structurally 

discernable.  

Interaction in the Setting 

The turn-taking apparatus advanced by CA practitioners has served as a 

productive analytic tool for clarifying the relationship between setting and interaction. 
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Schegloff (1991) refers to this relationship as a problem of procedural consequentiality - 

how the external elements (anterior to language) of the situation are made relevant and 

consequential for the interaction. Relevance and procedural consequentiality rest on the 

notion that participants’ immediate actions are contingent on resources in the setting as 

relevant structures for coordinating and ordering their interaction. These resources 

include the stream of talk preceding the next utterance as well as the semiotic, material, 

and physical elements that make up the setting. Relevance and procedural 

consequentiality provide two heuristics for determining the relationships between action 

and setting. 

First, the notion of relevance requires that analyses seek the points in interaction 

in which participants organize and account for referents in the conduct of sequential 

action (turn-taking structure). Second, the analytic requirement for showing procedural 

consequentiality highlights those instances in which the setting itself informs and shapes 

sequential structures. That is, how the setting (‘in the hospital’, or ‘in the courtroom’) has 

direct consequences for the organization of sequential action. This point will be further 

developed in later sections. For now it is adequate to note that CA approaches account for 

the setting although not as direct as the studies outlined next. 

Multimodal Sequential Analysis 

Streeck and Kallmeyer’s (2001) analysis of a rather mundane two-party business 

negotiation offers an example that suggests that graphic inscriptions can be taken as a 

form of interaction that offers a different set of opportunities for meaning making beyond 

conversation. The act of inscribing during interaction carries with it not only that which is 

being represented, its instrumental purpose, but perhaps less obviously its discursive 

function. Inscriptions, once recorded in a medium (paper, whiteboard, computer screen, 

etc.), offer structures for making arguments, substantiating claims, and indexing a range 
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of situation relevant and epistemologically consistent communicative action. The 

sequential organization of inscriptional activity carries structural (e.g. rhetorical, 

canonical, or discursive) information that embodies taken as shared conceptions, 

concerns, and meanings that are relevant to the situation at hand. Inscriptional action 

draws upon an extended vocabulary from the visual field. They can embody forms of 

action such as a line intimating gesture (e.g. a line drawn around a figure may be a deictic 

reference to an aspect of the figure of concern in the interaction). Gesture is highly 

coupled with talk; however, inscriptions and instrumental acts occur independently of 

talk yet articulate it. This has not been studied at length especially in regard to how 

inscriptional action is sequentially organized. Streeck and Kallmeyer write, 

Actions that can occur independently of talk, however - instrumental acts, 
inscriptions, and so on - have so far only rarely been studied for their possible 
participation in the construction of ‘projectable’ turns-at-talk. (Streeck & 
Kallmeyer, 2001, p. 469)  

Inscriptions that once served as a field of calculation and measurement can be 

reinstated in rhetorical contexts to persuade, compare, and express ideas. Further, 

persistent inscriptions enable variable, situation relevant courses of action over time and 

setting (Latour, 1990).  

Still, while arguing for analytic accountability of inscriptions and non-verbal 

modalities in the setting, Streeck and Kallmeyer warn against over simplifying or 

fragmenting components of interaction across modal and material properties. Rather, they 

suggest that ongoing interaction draws upon multiple vocabularies in the making of 

meaning. Thibault (2011) goes further in advising against the rush to discover and 

extrapolate upon regularities of symbolic systems. The prudent starting place is the 

distributional character of communication across the senses, materiality, and symbols. 

These views shift focus to structural descriptions of practice rather than specific symbolic 

analyses. 
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Other studies leverage the analytic insight of EMCA to draw attention to the 

configuration of the body and the semiotic elements of the setting and their coordination 

in the sequential organization of action (Goodwin, 2000, 2003, 2007; Streeck, 1996). 

Goodwin’s studies consistently demonstrate how the semiotic (including inscriptions), 

material, and embodied elements of the setting are consequential to the structure of 

interaction. Action is not limited to utterances but is distributed across a range of 

multimodal resources available to participants.  

CA has brought focus to the manipulation of language in talk-in-interaction as a 

rich site for understanding communicative mechanisms. The significance of semiotic 

resources within this enterprise has also been recognized. Discussions of indexicals – 

how language references elements of the setting - in this regard are often warranted to 

explain and describe the role of media artifacts. Goodwin (2011) convincingly argues, 

however, that the semiotic environment is not limited to reference but is itself 

manipulated in communicative action in what he refers to as cooperative semiosis – the 

construction of signs as relevant actions in interaction. One of Goodwin’s formidable 

contributions in this line of thinking is how semiotic action is included in structural 

explanations of human interaction. 

EMCA traditions specify the focus of inquiry on the sequentiality of interaction. 

In so doing, they afford a starting point for empirical analysis of technology-mediated 

interaction that tightly couples user actions with the particulars of the setting. In 

conversation analysis, generally, the setting is established through talk. Other similarly 

motivated lines of work such as that by Goodwin extend analysis by including semiotic, 

material, and embodied elements of the setting. In summary, the social fact of the 

sequential structure of human interaction and its alignment with the context of interaction 

is foundational to the theoretical and methodological position taken in this proposal. The 
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following section discusses the concept of uptake as a reformulation of sequentiality with 

particular relevance to sociotechnical settings.  

Uptake: A Unit of Interaction 

Making sense of the sequential structure of interaction and its deployment within 

technology environments presents a degree of complexity for analysis. Interaction 

settings may be asynchronous or synchronous and/or participants may be co-present or 

geographically distributed. Further, how is one to organize analyses of communicative 

actions that extend beyond the verbal modality? A user’s action within a technology 

environment might include dragging an object across the screen, or posting a message to 

a thread, etc. Participants can draw upon semiotic, material, and embodied elements of 

the setting in organizing their interactions. A useful strategy to begin with might be the 

recognition of how any participant actions are evidenced to be relevant and consequential 

for the activity. How and where are actions positioned in the sequential unfolding of the 

activity and how and through what means do those actions relate to prior actions? The 

notion of uptake has been proposed as a useful concept for investigating precisely these 

questions.  

Suthers, Dwyer, Medina, & Vatrapu, (2010) describe uptake as a relational 

construct that identifies a participant action as appropriating aspects of a prior or ongoing 

setting as relevant for ongoing interaction. This definition is deliberately abstract, 

enabling it to be purposed in a wide range of interactional settings. It is also intended to 

support a diverse range of theoretic and methodological approaches. Uptake provides an 

interpretive heuristic rather than a specific method of analysis (the authors describe it as a 

proto-analytic). Uptake is necessarily abstract because it specifies a relation between a 

user action and some aspect of the environment. These aspects can be another user’s 

action or an artifact (transitively related to another user’s action). Note the abstractive 
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voice: the “some aspect” could very well be a human utterance, and a “user’s action” an 

uttered response to that utterance. The potential gain by interpreting interaction as uptake 

is that uptake does not privilege one particular communicative modality or granularity 

over another. A warranted interpretation of uptake only specifies that one human action is 

appropriating aspects of a prior or ongoing element of the setting while also transforming 

that setting. 

The value of uptake for the analysis of technology-mediated interaction is its 

provision for a more flexible consideration of sociological and technological 

contingencies. This value also extends into analytic interpretations and reportable 

findings. The following section discusses more carefully a specific approach for the 

analysis of sociotechnical contingencies. 

INTERACTION IN TECHNOLOGY MEDIATED SETTINGS 

Technology Affordances 

The concept of affordance is commonly discussed in the literature to explicate the 

link between human perception and the environment (Gibson, 1977). It has been 

appropriated by researchers of human-computer interaction (HCI) design to explain the 

functional relationship between users and the properties of a user-interface (Norman, 

1999). Although arguments have been made concerning how the concept of affordance 

has been misconstrued in HCI and related fields, (Bonderup Dohn, 2009), it remains a 

critical line of inquiry for understanding user appropriation of technology resources.  

A user’s appropriation of affordances signifies the relation established between 

human sensory perception and a range of properties in the environment. The individual 

agent perceives and selects a set of action possibilities from the environment in order to 

establish the affordance. In its most basic formulation, the appropriation of an affordance 

is an instrumental action because it allows the agent to coordinate their actions with their 
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environment. As noted above, this remains a critical point of understanding for user-

interface design and evaluation. 

Within technology-mediated settings, however, the appropriation of affordances 

by the individual can also be a form of social action. Acts of appropriation occupy a 

position within a sequentially organized interaction structure. These acts may be seen as a 

level of description above affordance because they comprise not only an instrumental 

facet of technology use but also a form of social action with contingencies to the 

interaction structure in which those actions are embedded. Consider the instance of small 

group interaction within a shared online whiteboard application. A user might draw a line 

while composing a diagram, and in so doing they are appropriating an instrumental 

affordance of the line tool while also providing an ideational and sequentially relevant 

resource for their interlocutors. This example demonstrates a confluence of the 

appropriation media affordances and the communicative mechanisms that are central to 

the sequential nature of human interaction. 

Dwyer (2007) proposed an analytic framework for evaluating collaborative 

technologies and interaction in order to organize observations of media appropriation in 

the context of joint activity. Referred to as the I-PMR framework, Dwyer identified four 

consistent means through which people appropriate collaborative media in joint activity. 

Below is a listing of all four elements of the framework.  

Interaction – describes the interactional “shape” of participants’ actions 

Perceptibility – manipulations of the degree to which media is perceptible to 
others 

Mutability – manipulations of the degree to which media can be modified by 
others 

Relatedness – expressions of how media are associated with other media 
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These elements are notably abstract because Dwyer is attempting to distill away 

the specifics of any particular technology by providing an evaluative framework that 

conjoins communicative mechanisms (as opposed to isolated actions) and appropriation 

of media (as opposed to any specific device or tool). The elements of the framework are 

described as affordances so that they may be applied in a wide range of evaluative 

settings. For example, any communication medium may allow varying degrees of 

mutability with regard to how participants can manipulate and transform their 

environment. Without provisions for mutability, interaction is dramatically affected. Note 

that in face-to-face interaction mutability is taken for granted. If we are talking to each 

other we are clearly manipulating our speech in order to have our conversation. 

Mutability, however, is not a given in technology-mediated settings. Affordances for 

mutability must be explicitly evaluated. 

Evaluation of the I-PMR elements for any particular environment is not only a 

matter of degree but also quality. For example, a (severely limited) shared white board 

environment may support a chat tool and viewing pane for displaying diagrams but not 

enable affordances to revise those diagrams. In this case, the limited affordances of 

mutability for the visual-spatial media may be consequential for participants’ interaction.  

The elements of I-PMR are tightly interrelated. For example, affordances for 

perceptibility impact the realization of affordances for mutability. If affordances for 

revision are NOT perceived (e.g. the user does not recognize that functionality), then 

opportunities for transforming that media are unrealized (affordances for mutability are 

limited). In summary, the elements of the I-PMR framework provide an appropriate level 

of abstraction for analyzing mediation in collaborative interaction technologies. I-PMR 

draws on the notion of affordance but reformulates its relevance to sociotechnical 
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contexts. Affordances for mutability will be considered more directly in the current 

investigation. 

The sections above reflect two intersecting lines of inquiry in sociotechnical 

research. In the first, I have stated a position on sociological inquiry that stresses the 

sequential nature and organization of interaction. I invoke the notion of uptake as a unit 

of interaction and as an interpretive heuristic for sequential analysis of technology-

mediated interaction. In the second section I discussed the I-PMR framework as a 

reformulation of affordance and its applicability to media. In the ensuing section I present 

a line of thinking that ties these two inquiries together. I discuss notions of how 

interactional practices develop and sustain over time and how technology affordances 

impact that development. I draw once again on EMCA as a foundation for exploring 

these concepts. 

DEVELOPMENT OF INTERACTIONAL PRACTICES OVER TIME: PERSISTENT STRUCTURES 

The critical insight to draw upon when acknowledging the relevance and 

consequentiality of joint activity is that the sequential organization of human interaction 

shapes the setting and is simultaneously shaped by the setting. Human praxis, as EMCA 

tells us, is constructed in-situ and definitively not pre-ordered or pre-specified – it is a 

local accomplishment. Yet how does this local relevance construct provide explanations 

for consistent practices? For example, how is it that participants in a courtroom organize 

their actions such that “being in a courtroom” is procedurally consequential to the 

character of conducting courtroom relevant discourse? These questions are primarily 

concerned with finding the relation between one situation and another. In order to 

maintain theoretical and methodological consistency I discuss the CA concept of speech 

exchange system as a construct for investigating the relation between action, context, and 

practice over time. 
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Speech Exchange Systems 

Sacks and colleagues raised the notion of speech exchange system to provide a 

way for descriptions of talk-in-interaction to permeate descriptions of macro level 

contextual contingencies (Sacks et al., 1974; Schegloff, 1987). Sacks explored the idea 

that structures one order above a turn-taking system could be empirically denoted. In one 

instance, Sacks observed how storytelling between two people reflected, in its details, a 

category of a turn taking system. Person A begins with a story that they witnessed a car 

accident. Person B responds with a similar story (the second story). Participants 

demonstrate, through their sequential ordered actions, levels of competency for selecting 

elements of a prior act. The “achieved similarity” of responding with a similar story 

indicated to Sacks that communicative actions can index a wider array of structures than 

previously considered in EMCA traditions (Sacks, 1992).  

In review, Sacks appears to have intended to emphasize the invariant structure of 

interaction by introducing the turn-taking system as a structural unit. Yet turn taking 

systems, in their many instantiations, can be subunits of a higher level of categorization 

referred to as speech exchange systems or categories of talk. What this means is that turn-

taking structures can be observed to have structural similarities across settings and 

situations. A speech exchange system, however, encapsulates a number of other variant 

and invariant contingencies. This is possibly what Sacks meant when he referred to turn 

taking systems as context-free (turn taking systems are an enduring structural level 

description of interaction) and context-sensitive (a setting invariantly modifies the 

character and shape of any turn-taking system). What is clear is that Sacks and colleagues 

embedded provisions in the specification of conversation analysis for handling macro 

level structures (Dingwall, 1980).  

Conversation analysis studies that take up the issue of how the external context 

permeates the sequential organization of talk has a rich literature devoted to 
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investigations in many institutional settings (Drew & Heritage, 1992; Heritage, 2004). 

This work has looked at ‘institutional talk’ from multiple levels ranging from turn-by-

turn sequences, to macro structures such as phases of talk and overall structure 

organization of interaction in specific contexts. Robinson and Stivers (2001) illustrated, 

for example, how transitions between phases of talk are critical points at which courses 

of action are modulated and turned to different sequences exposing both the overall 

structure as well as the mechanisms through which speakers produce and negotiate macro 

sequences.  

These efforts are relevant to sequential analytic studies of technology mediated 

interaction as both inquiries seek to find consequential connections between turns at talk 

and higher order sequential phenomena. Sociologists, for example, studying doctor-

patient or teacher-classroom interaction, find these connections important for 

understanding how the setting constrains talk and how people navigate and leverage those 

constraints as competent members.  

Criteria for specifying a speech exchange system can include but is not limited to 

the roles of participants (teacher-student, cashier-customer, etc.), the contents to be 

discussed (topics, concerns, problems), the management of turns (turn taking system), the 

sequential order of events, and language forms to be used (Schegloff, 1987). Jefferson 

(1988) describes a speech exchange system as “a socially organized package with 

standard components in a standard order of occurrence.” Nguyen (2008) adds, “while the 

components and their ordering are open to contextual contingencies, recurrent elements 

can be predictably found to fit certain slots (p. 503).” Nguyen’s comment illustrates, in 

particular, how a speech exchange system provides a construct in which to organize 

traces of sequential interaction as comparable units of analysis.  



 26 

Zimmerman (1999) suggests two directions for comparative analyses in EMCA-

based inquiry. One is to explore variation within a localized setting. The author refers to 

this as vertical because it traces longitudinal development within a homogenous system. 

An example of this approach is demonstrated in Nguyen’s (2008) analysis in which 

repeated instantiations of an interaction sequence revealed how a pharmacist intern 

progressively developed requisite interactional competencies for handling pharmacist-

customer interactions. Besides demonstrating a longitudinal development of an 

individual’s competence, Nguyen also illustrated how the properties of the speech 

exchange system can be invoked, transformed, or otherwise modulated from one instance 

to the next while maintaining its standard components. It is worth noting that in Nguyen’s 

analysis, the unit of interaction for tracing this development over time was the successive 

participation by the individual in a recurring activity setting – handling the procedure for 

discussing prescriptions with customers. Vertical analysis of technology-mediated 

interaction correlates to the analysis of a particular environment (specific meditational 

resources) and/or its appropriation in a specific setting (e.g., a science classroom). The 

other direction is what Zimmerman refers to as ‘horizontal’ analysis because it entails 

cross-comparisons of interaction structure based on sociological, cultural, political, and 

linguistic differentiations.  

Interactional Structures as Units of Analysis 

For comparative purposes the relative generality implied by a speech exchange 

system (e.g., ‘ordinary conversation’ or ‘doctor-patient visit’) enables the investigation of 

variation within a setting – the vertical analysis suggested above. Also, speech exchange 

systems are clearly referring to talk-in-interaction as it is typically applied in conversation 

analytic traditions. It is plausible, however, to extend the notion to technology mediated 

multimodal interaction settings. The question is whether user activity within such an 
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interactive setting can be documented at an adequate level of description useful for 

exposing the procedural consequentiality of technology appropriation and its provisions 

for progressive development of interaction practices and competencies. Any particular 

technology mediated interaction encapsulates a set of practices that are contingent on the 

particulars of the sociotechnical setting (Dwyer & Suthers, 2006). The invariant aspects 

of a designed technology environment certainly invite this kind of comparative analysis. 

In summary, the notion of a speech exchange system as a construct for monitoring 

variability in any course of action over time opens the door for comparisons across 

vertical and horizontal trajectories (Zimmerman, 1999). The primary direction of analysis 

proposed in this study is to investigate the localized multimodal interaction system 

established within a technology-mediated environment over successive episodes of small 

group activity – a vertical comparison.  

RESEARCH OBJECTIVES 

Technology mediated learning environments typically provide for the joint 

construction, distribution, and appropriation of persistent media. These artifacts take form 

from a diverse range of semiotic resources such as drawings, charts, graphs, and text that 

we refer to as inscriptions. The preceding discussion tells us the following: 

Sequential Organization of Multimodal Interaction 

a) Interaction is distributed across a range of modalities, semiotic, material, and 

embodied resources. 

b) All forms of action are constituents in the sequential organization of interaction. 

c) Uptake can be used to describe multimodal interaction in technology-mediated 

settings. 
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Technology Affordances for Multimodal Interaction 

a) Sociotechnical resources support instrumental and social appropriation of media. 

b) Sociotechnical affordances are composed of aspects of media affordances as well as 

communicative mechanisms. 

c) Mutability is a potential sociotechnical affordance  

Technology Mediated Representational Practice Over Time 

a) Representational practices are observable as traces of sequential organization at 

multiple levels of analysis.  

b) Persistent visual spatial media may support the development of representational 

practices over time.  

Table 2-1. Comparing units of analysis across levels of analysis. 

Conversation Analysis Technology Mediated Interaction 

Analysis 

 Representational Practice 

Speech Exchange System Multimodal Interaction System 

Turn Taking System Interactional Structure 

Adjacency Pair Uptake 

 

Table 2-1 summarizes how CA concepts discussed in the above sections are 

translated to the kind of interaction analysis conducted for the current work. At the 

bottom is what can be considered a fundamental unit of interaction in both approaches. 



 29 

The second row from the bottom describes an intermediate unit of analysis. It contains 

segments of turn-by-turn actions. The term interactional structure denotes the more 

general idea that a sequence of interaction has a discernable shape with identifiable 

properties. Third level from the bottom represents analysis between interactional 

structures. This level denotes analysis of relationships within a technology setting. The 

top level does not have a corresponding level in CA. A representational practice level of 

analysis denotes specific relationships between sociotechnical resources and multimodal 

interaction systems. A representational practice integrates levels of competency for 

manipulating and working with a class of inscriptions and inscriptional devices within a 

domain of interest. 

RESEARCH QUESTIONS 

RQ 1: How are inscriptional media appropriated in technology mediated situated 

interactions? 

The setting represented in the data selected for this study is characterized by its 

multimodal design and support for constructing and manipulating inscriptions. The 

sequential organization of joint activity observed in these settings is likely to expose the 

manner in which communicative mechanisms are enacted within and distributed across 

available media. The analytic focus is on the unfolding turn-by-turn actions of 

participants. Addressing this question establishes an empirical basis for addressing the 

following two inquiries.  

RQ 2: How are observed inscriptional practices aligned with the appropriation of 

technology affordances for mutability? 

Mutability refers to the characteristic of human interaction that builds upon our 

ability to modulate and reconfigure resources in the environment. Technology mediated 

settings offer varying degrees of support for mutability through multiple modalities. Two 
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broad categories of technology affordances for mutability with respect to persistent 

inscriptions are considered: 

1. CONSTRUCTION – inscription is produced 

2. MANIPULATION – inscription is modified or moved  

RQ 3: How do interactional practices influence successive situated activity in 

semiotic rich technology mediated environments and support the development of 

representational practices? 

Technology environments support the persistent storage and retrieval of 

inscriptional artifacts. The availability of prior inscriptions might be an important 

resource for participants’ interactional organization and coordination in subsequent 

situated activities. That is, the relevance of prior inscriptions may be consequential over 

more extended interactions. 

RQ1 is intended to form an empirical basis for RQ2 and RQ3. The relation 

between RQ2 and RQ3 may be consequential. That is, affordances for mutability may 

impact the development and character of the observed representational practices in 

consequential ways. Interactional structures for manipulating, transforming, or otherwise 

coordinating inscriptional media across situated settings may compose significant aspects 

of a group’s representational practice. 
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Chapter 3: Methods 

The proposed study will utilize a case study approach to conduct detailed 

exploration of authentic small group interaction in a technology-mediated setting. The 

analytic approach is informed by practices and concepts from interaction analysis 

techniques as outlined by Jordan and Henderson (1995). Their characterization of 

interaction analysis is heavily informed by ethnomethodological and conversation 

analytic traditions. They outline a number of analytic foci for dealing with the sequential 

organization underlying human interaction. Of these foci, four are prioritized in this 

study: context-dependent events, turn-taking, trouble and repair, and artifacts and 

documents. The following sections provide a description of the data, procedures, and 

verification measures. 

DATA SOURCES 

The data set chosen for the proposed work includes software logs of small group 

interaction across multiple episodes in an online whiteboard/chat application. The 

interactions captured in the data are relevant for this proposed study because they are 

driven by authentic collaborative activities and they involve the use of computer 

supported visual graphic media and tools. The data set represents a historical record of 

group interaction over which the development of representational practices might be 

analytically accessible. The data was collected as part of a research project conducted at 

Drexel University. The next section describes the data set followed by a description of 

the methodology proposed for the study. 

Virtual Math Teams 

The Virtual Math Teams (VMT) Spring Fest project was a two-week event held 

by Drexel University in May of 2006 (Stahl, 2009). The purpose of the event was to bring 



 32 

intermediate and secondary school students together in teams of three or four to work on 

challenging math problems. Members of each group were at distributed locations and 

interacted using an online whiteboard/chat application called ConcertChat (Mühlpfordt & 

Wessner, 2005). ConcertChat consists of a chat window and whiteboard for drawing 

(Figure 3-1). The two components are integrated in a novel way through the use of an 

explicit referencing tool. Participants can visibly link a chat posting to an object in the 

whiteboard. The referenced object is highlighted in the whiteboard when such a post is 

later selected. Chat postings, too, can be linked to prior postings using a similar explicit 

linking tool. The corpus from the 2006 event includes altogether a record of four teams 

with each team meeting in four sessions over the two-week duration of the project. The 

data set selected for this study comes from four successive meetings of one of these 

groups. The make up of the group included three students and one moderator. The group 

participated in four meetings from May 9 to May 18, 2006. Each meeting was 

approximately 1.5 to 2 hours long. At each meeting, the students were asked to develop 

solutions to algebraic geometry problems. After the first meeting, the students were 

directed to develop problems of their choosing.  

The selected data set consists of all recorded activity in the ConcertChat software 

during the project. A useful feature of the software is that the logged actions of 

participants either in the whiteboard or chat window can be replayed using a version of 

the software called the ConcertChat Replayer. For the purposes of the analysis proposed 

here, the replayer serves as video record of the group’s activities. 
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Figure 3-1. ConcertChat software used in VMT project 

ANALYSIS PROCEDURES 

The steps of the analysis for the case study are extrapolated from the “Eight C’s” 

outlined by Fisher and Sanderson (1996; Figure 3-2). Their approach to Exploratory 

Sequential Data Analysis (ESDA) enumerates a sequence of analytic activities for 

handling observational data. The intent behind the set of procedures is to progressively 

arrive at a structured understanding and representation (referred to as “smoothing”) of 

sequential data records. The smoothing process employed in this procedure can be seen 

as working with multiple units of analysis: microanalysis (documenting turn-by-turn 

relevancies), interactional structure (structural-level), and macro-structure (formation of 

interactional structures as interactional practices).  
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Figure 3-2. The Eight C’s scheme (Fisher & Sanderson, 1996, p. 5) 

 

This proposal applies the first four of the eight ESDA smoothing operations. 

These include chunks, comments, codes, and connections. It is important to note that the 

procedure is iterative, moving back and forth from one operation to the other as the 

analysis unfolds. The steps of the analysis as they are applied in this study are 

enumerated in Figure 3-3 then briefly described: 

  

 

29i n t e r a c t i o n s . . . m a r c h  1 9 9 6

• CHUNKS are segments of adjacent data
elements that the analyst perceives as
forming a coherent group. Chunking is
often hierarchical—data elements are col-
lected into chunks, chunks into larger
chunks, and so on. Two chunks are illus-
trated in Figure 2.

• COMMENTS are unstructured informal
or formal notes that the analyst attaches
to data elements, to chunks, or even to
the results of intermediate analyses. In
Figure 2, comments are attached to indi-
vidual data elements.

• CODES are abstractions of the data—
labels that are attached to data elements or
chunks designed to capture the meaning of
the data while reducing the variability of its
vocabulary. Figure 2 illustrates a structured
predicate coding, but the codes could just
as well be simple keywords. A coding
vocabulary can be developed from many
sources such as theory, the data themselves,
or as a result of previous analyses.

• CONNECTIONS express the relationship
among elements data. The basic connec-
tion is the temporal, linear flow of one
data element to the next. However, the
unfolding of larger intentions, such as
goals, themes, and solutions is often not
linear, but instead skips around, interrupt-
ing other themes. Connections are a means

of following threads through their nonlin-
ear paths and identifying the relationship
among their elements. Connections can
also express the relationship between quali-
tatively different types of data. In Figure 2,
we show a connection between a transcrip-
tion of the data and a video clip.

• COMPARISONS demonstrate the effects
of different treatments of the data with
one another. For example, one might com-
pare the results of different coding
schemes or the results of the same data
being coded with the same scheme by dif-
ferent analysts. We might also compare the
data from different subjects or conditions
or between a model that predicts behavior
and the actual behavior found in the data.

• CONSTRAINTS are applied to data in
order to focus an analysis. Constraints
may be thought of as a filter for the data,
allowing only certain elements of the data
to be visible and hiding the rest. For
example, an analyst may want to focus on
only those data elements that are coded a
with a certain keyword.

• CONVERSIONS transform data in order
to reveal new patterns. Conversions
include converting to a new coding
scheme, changing the grain of analysis, or
using a new representational device, for
example, a graphic timeline or flow chart.

Goal (C +)

Goal (V-)

View (H)

Action (V-)

CHUNKS COMMENTS CODESC CONNECTIONS

refers-to

leads-to

[This is where the
correct thought
path begins]

[This is the crucial
piece of evidence]

G A V

Goal (2 cases)
Action (1 case)
View (1 case)

COMPARISONS CONSTRAINTS CONVERSIONS COMPUTATIONS

t t t t

tttt

? S
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Figure 3-3. Sequence of activities for the analyses 

 

Content Logging/Preparation 

An initial pass over the data record is conducted to establish and mark off major 

sections of the stream and synchronize time indices across multiple data sources. Content 

logging is a preparatory step in the analysis but is crucial for gaining a sense of the scope 

of the activity captured in each data set. After the initial organization is completed, the 

analysis cycles through the following four activities. 

Chunks/Segmentation 

Segmentation is the identification of adjacent data elements that together form a 

sequential structure. A data element at the lowest granularity is a participant action or set 

of actions. Participant actions are sequentially organized in interaction forming ideal 

boundary points for segmentation (Jordan & Henderson, 1995). These sequential 

structures are emic (interpretations are derived directly from participant actions). They 

may range from short exchanges such as a reply to a question or may extend into wider 

structures concerned with, for example, specific topics or problems that are of concern to 

1. Content Logging : Preparation

2. Chunks : Segmentation

3. Comments : Sequential microanalysis 

4. Codes : Affordances for mutability

5. Connections : Between segments
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the participants. Despite an apparent etic (interpretations derived from analyst’s 

observation) attribution of structure, the purpose of this smoothing technique is not to 

obfuscate the continuous nature of interaction in its setting, but to define its elements and 

structure in a tractable manner. Identified segments, on further analysis, may contain 

smaller chunks or segments. Figure 3-4 provides a schematic of this process. Each of the 

four segments (a,b,c,d) may contain sequential structures within it. For example, we 

might have sequential structures identifiable at different granularities.   

 

  

An important analytic focus that emerges as a result of segmentation is the 

transition between segments. A transition may be acute such as the boundary between 

two separate days of interaction (e.g. the gaps between a,b,c, and d in Figure 3-4 indicate 

this kind of boundary). Transitions may occur within particular episodes more subtly 

such as a change of topic or focus (e.g. the gaps between the inner shapes within a, b, c, 

and d in Figure 3-4). In general, transitions between segments may dramatically expose 

the organizational and coordinative work involved in interactional practices (Jordan & 

Henderson, 1995).  

Figure 3-4. Units of analysis: interactional structures. 

- interaction over time -

a b c d

sequential structures
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In addition to the segmentation of observed interactions in the data set, I intend to 

segment the processes through which participants, either individually or collectively, 

produce inscriptions in the setting. This would be an example of a subsequence within a 

longer sequence. Overlap is expected between the segmentation discussed above and the 

analysis of inscriptional artifacts. This is precisely the idea: to reveal more explicitly the 

overlap between discursive practice as bounded by a given segmentation and the 

appropriation and production of inscriptions, especially those that persist as artifacts.  

Inscriptional analysis is similar to interactional segmentation. However in this 

case, the criteria for bounding a segment is determined by the initiation and completion 

of inscriptions as deemed complete by participant actions. In typical cases there is a 

strong temporal cohesion where the construction of an inscriptional artifact is tightly 

bound to a particular time and setting. 

Microanalysis of Segments 

Segmentation is useful for setting up investigations of sequential interactions. A 

segment is analyzed in a turn-by-turn approach strongly influenced by techniques used in 

conversation analysis. A turn unit consists of an utterance or chat contribution, gesture, 

gaze, a drawing, or a manipulation of the interaction environment. At a fine granularity 

we look at the relationship between actions to determine how the prior turn is taken up or 

handled by the next turn. In conversation analytic traditions this close inspection typically 

yields the identification of communicative mechanisms. Microanalysis of a segment is 

recorded as annotations that might draw on technical terms commonly utilized in EMCA 

studies or, alternatively, as emergent vocabularies for describing the interaction structures 

observed. For example, an analysis of a sequence of interaction among two participants 

might be characterized as an instance of trouble and repair. This phase of the analysis is 

not restricted solely to identifying such mechanisms but retains some latitude in 
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effectively describing the kinds of interaction structures and mechanisms that are 

observed. Thus, the result of this approach might be a mixture of common technical 

terms, labels, and terms deemed adequate by the analyst in documenting a segment. 

Coding Segments for Mutability 

Coupled very closely with the microanalysis and annotation of segments is the 

coding of inscriptional activity. This proposal is particularly concerned with the effects of 

inscriptional media and artifacts. The mediated environment offers a range of resources 

for establishing affordances for configuring, reconfiguring, and coordinating the 

interaction setting. How participants go about manipulating of inscriptions is a critical 

evaluation point. Appropriation of affordances for mutability highlights those aspects of 

the setting that are manipulable and enable the interaction to proceed in the manner that it 

does. This step in the procedure is aimed at revealing how patterns of interaction are 

aligned with properties of technology supported inscriptional media. Thus, one or more 

categories are assigned to a segment or sequence of data elements. These criteria are 

outlined below. 

1. Construction - an inscription is produced. 

2. Manipulation - a prior inscription is modified or moved.  

For example, a sequence of activity in which a participant initially constructs a 

drawing would be classified as a construction. Within a subsequent segment the drawing 

might be partially erased as a correction (possibly a ‘repair’). This sequence would be 

classified as a manipulation.  

Connections and Comparisons: Relations between segments 

The data set for the current case study was selected because it maintained some 

aspect of persistent artifacts within the interaction environment. This is consequential for 

the analysis phase conducted in step three and four above and may dramatically motivate 
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the formation, refinement, and transformation of representational practices. This step in 

the procedure identifies and describes connections between segments some of which may 

extend beyond immediate interaction contexts. Figure 3-5 illustrates how the scheme in 

Figure 3-4 is now utilized to determine connections between segments. The arrows 

between two segments indicate a relation that emphasizes the contingency of a segment 

on a prior segment. Evidence for drawing connections between multimodal interactional 

structures is based on the following set of heuristics.  

1. Uptake of prior resources. 

a. The use of referents 

b. Transposition of prior elements to the current context 

2. Invocation of a prior sequential structure (turn taking system) 

  

 

The microanalysis of turn-taking structures applied in step three and four above 

provides a heuristic frame in which to observe how the participants orient to and make 

relevant their talk as well as their actions (gestures and drawings). A critical component 

for making these observations of sequential structure and its elements is the identification 

of referents that evidence indexical relations between and within turns. Referents that are 

underdetermined in the immediate interactions but can be located in prior situated 

a b c d

- interaction over time -

Figure 3-5. Connections between segments (example). 
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settings warrant the identification of a connection (e.g. the arrow between d and b in 

Figure 3-5). These “missing” referents provide a demonstration of how prior situated 

activity is made relevant and consequential for immediate turn-taking sequences 

(Koschmann, LeBaron, Goodwin, & Feltovich, 2006). Examples of these kinds of 

relations were found in a prior study of the VMT corpus (Medina, Suthers, & Vatrapu, 

2009). 

The second heuristic that is applied to determine connections is the identification 

of procedural consequentiality.  In this case I explicitly examine how the setting 

(potentially made up of prior inscriptions and thereby traces of prior activity) conditions 

and constrains immediate actions. It is important to note that the technology-mediated 

setting considered in this proposal is not as constrained as, for example, a courtroom. 

Technology settings are unique in that they are participant defined spaces that undergo 

transformations as well as support the deployment and redeployment of sequential 

organizational structures (Drew & Heritage, 1992; Robinson, 2013). 

The results of this step in the procedure are descriptions of the connections that 

were identified and their related evidence. Steps two, three, and four (Figure 3-3) provide 

the empirical basis for the claims made with regard to these connections. 

Verification Strategy: Comparisons to Previous Analyses 

The VMT case study results will be compared with previous results conducted on 

another group’s interaction during the same event (Medina & Suthers, 2013a). Medina 

and Suthers analyzed the representational practices for VMT team B. In addition, the 

results of the longitudinal analysis conducted from VMT team C will be contrasted with 

microanalysis of one segment of the Team C corpus (Cakır et al., 2009). Figure 3-6 

summarizes how the case study for the current investigation (Team C) will undergo local 

(vertical) analysis as described above and horizontal comparisons between studies. For 
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the vertical analysis, comparisons are made between segments of interaction. 

Comparisons between case studies (horizontal) will be based on the observed 

characteristics of each setting.  

 

 

Reporting Findings  

The results of the VMT Team C analysis will be presented using narrative 

description as it relates to each research question. The format for presenting the findings 

of the analysis is organized by the research questions as follows. 

a. Description of interactional practices observed with references to the chat log and 
depictions of screen activity. 

b. Description of appropriation of mutability affordances.  

c. Description of representational practices identified. 
  

VMT Corpus 
Team C

VMT Corpus 
Team B

horizontal analysis vertical analysis

Figure 3-6. Comparisons overview: vertical and horizontal 
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Chapter 4: VMT Case Study 

This chapter presents an analysis of the work of a small team of students 

participating in the Virtual Math Teams (VMT) Spring Fest 2006 project hosted by 

Drexel University and the Math Forum. Spring Fest 2006 was a ten day project intended 

to bring intermediate and secondary level students together in an online environment to 

collaboratively work on challenging math problems. At the beginning of the project 

students were grouped into three teams (A, B, and C) each consisting of three to four 

participants and one or two moderators. During the ten-day event each team convened in 

four hour-long sessions (one session/day) to work on algebraic geometry. Each team met 

in their assigned session using the ConcertChat online environment (Mühlpfordt & 

Wessner, 2005). As a bonus for analysts, the ConcertChat application provides a “replay” 

mode in which any session can be observed as if one were participating in the session. 

The ConcertChat software logs and replay mode were the primary data sources used for 

the present analysis. The re-player provided a rich contextual view useful for 

understanding the participants’ inscriptional work as it developed concurrently with the 

text messages in the chat tool. Screen images presented in this analysis were taken from 

screen captures of the re-player. Chat log transcripts were taken from the software log file 

for each session. Finally, Spring Fest student teams also posted solutions of their work to 

a VMT project wiki after each session. These wiki pages were also referenced in the 

analysis presented in this chapter. 

BACKGROUND ON VMT 

ConcertChat Summary of Features 

ConcertChat is a synchronous shared whiteboard and chat application that 

supports specific features, among others, for linking between chat messages and 

whiteboard objects - a form of artifact-centered discussion (Suthers, 2001). Figure 4-1 
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summarizes the features of the user interface used by participants in the present study. In 

addition to the features listed, the software includes drawing and typing activity 

indicators and a listing of chat participants. The chat activity indicator displays the name 

of the participant currently typing a message but has yet to post it. The whiteboard 

indicators display whiteboard actions as squares. These appear when a participant is 

performing an action in the whiteboard.  

 

        Figure 4-1. ConcertChat user-interface features:  (a) insert images, (b) draw lines, 
insert text, (c) specify reference from current message to a previous message in the chat 
window, (d) insert references from chat message to whiteboard object, (e) Replayer 
mode: scroll back and forth through a session, (f) Replayer mode: detailed information at 
the current position. 
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ConcertChat Re-player Features 

The ConcertChat application enables the “playback” of any ConcertChat session. 

The replay mode presents an identical user interface to the one used by participants with 

the added feature of allowing random access to any portion of the session. Figure 4-1e 

shows this navigational toolbar on the bottom. The toolbar allows one to play the session 

forward or backward in time and at various speeds (1 is real time). Importantly, the 

whiteboard and chat window stay in sync as the time cursor is advanced. Events in the 

whiteboard correspond to events in the chat window. Alternatively, the whiteboard and 

chat event histories can be decoupled allowing one to scroll through one and not the other 

(this navigational feature is also available in the participants’ version of the tool). 

Detailed information on the event at the current position of the navigational cursor 

displays the user, event source (whiteboard or chat), and the event’s time stamp.  

Format of the ConcertChat Log File 

Gerry Stahl provided the ConcertChat log data as well as the ConcertChat re-

player for the present study. The log files were distributed in a spreadsheet as described 

in Figure 4-2. The following case study uses an abbreviated form of the log file. The 

columns not included are Date, Time Start Typing, and Type. Time of Posting has been 

shortened to Time. Chat Index has been shortened to ID. The Refers To column as been 

abbreviated as REF and includes three kinds of information: a reference to an ID if the 

message links to prior message in the chat (see Figure 4-1c), WB if the message 

references a whiteboard object (Figure 4-1d), or figure number if the log entry is 

describing a whiteboard action (not a chat message). The appearance of whiteboard 

actions in the presented log files is an abbreviated form of the actual log entries for 

whiteboard entries. In this analysis a log entry for whiteboard events are grouped into a 

single event and positioned in the log file in chronological order by time. Full disclosure 
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of the sequence of whiteboard actions is then given in the analysis accompanying the 

referenced log entry. 

 
Event 
Attr 

Transcript 
Heading 

Description Notes 

Chat 
Index 

ID Unique identifier for chat message event Chat only 

Date n/a Date of log event Not used in 
transcripts for 
present analysis  

Time 
Start 
Typing 

n/a Logs when user begins typing in chat 
window 

Chat only. Not 
used in transcripts 
for present analysis 

Time of 
Posting 

Time Time when message is submitted to chat 
or a whiteboard action is completed. 

 

Author Author User  
Type n/a Type of event, there are two: chat and 

whiteboard events. Note: whiteboard 
events are logged but not given a 
unique identifier 

 

Content Content Text from chat message or category of 
whiteboard event. 

Example 
whiteboard event: 
“[137 created a 
scribble ]” 

Refers 
to 

REF Denotes a chat index id to indicate that 
the posted message links to a previous 
chat message or to the whiteboard. 

Also includes 
references to 
Figures placed in 
this document. 

Figure 4-2. Abbreviated log file format used in this chapter. 

About the Participants 

The present case study focuses on the VMT Spring Fest team “C.” The 

participants are known only by their chat pseudonyms.  Any other available information 

about them such as age, origin, etc., is not publicly available. There were a total of five 

student participants in the Team C sessions. Two student participants were present in all 

four sessions while the other three had partial participation. The core members of the 



 46 

team as determined by their sustained activity in the project were known as 137, Jason, 

and qwertyuiop (not present in first session). davidcyl was present in the first session 

while the fifth student, ssjnish, was present in session 1 and session 4. The moderators 

assigned to Team C’s sessions were members of the VMT staff. Different staff members 

were present during each of the four sessions.  

About the VMT Spring Fest Sessions 

As noted above, the Spring Fest 2006 project took place over a 10-day period in 

which the student participants convened in four sessions using the ConcertChat 

application. Session 1 kicked off the event by providing a problem topic for teams to 

work out. The overall objective for this initial problem was that participants were to 

devise a formalized mathematical expression for generating the geometric pattern 

introduced in the topic information (Figure 4-3 below). In subsequent sessions, teams 

were encouraged to devise problems of their own or take up suggestions given by VMT 

staff/moderators. In general, the nature of the activities was to give students latitude in 

choosing and exploring mathematical patterns and problems. As a result, the sessions 

were not organized to resemble classroom exercises but rather to encourage development 

and sharing of mathematical ideas in an out-of-school context. 

INTERACTION ANALYSES 

The following analysis reports on the interactional and representational practices 

identified in Team C’s activities across four hour-long sessions. The analysis is 

performed using sequential analytic techniques to uncover and understand the manner in 

which participants appropriate a technology-mediated environment to engage in 

collaborative meaning making. Thus, the primary unit of analysis is the sequential 

structure of participants’ actions. The analysis is presented as a narrative beginning with 

session 1 and continuing through to the fourth (and final) session of the Spring Fest 
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event. Each session is segmented into distinct episodes. Episodes are determined through 

an analysis of the activities within each session. A distinct activity, for example, might be 

the sequence of interaction pertaining to a particular math problem (participants usually 

worked on two or more problems per session). Activities are also broken down further 

depending on the complexity of interaction observed in the analysis. Identifying episodic 

segments is a component of the analytic procedure and is included in observations and 

reporting. A summary of the findings is presented at the conclusion of this chapter. 

 

 
(1) 4 sticks, 1 square 

 

 
(2) 10 sticks, 3 squares 

 

 
(3) 18 sticks, 6 squares 

N Sticks Squares 
1 4 1 
2 10 3 
3 18 6 
4 ? ? 
5 ? ? 
6 ? ? 
... ... ... 
N ? ? 

 

 

 
1. Draw the pattern for N=4, N=5, and N=6 in the whiteboard. Discuss as a group: How does the graphic 

pattern grow? 
2. Fill in the cells of the table for sticks and squares in rows N=4, N=5, and N=6. Once you agree on 

these results, post them on the VMT Wiki 
3. Can your group see a pattern of growth for the number of sticks and squares? When you are ready, post 

your ideas about the pattern of growth on the VMT Wiki. 

Figure 4-3. VMT Session 1 instructions given to participants. 
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Table 4-1. Transcript t1.0 

ID Time Author Content REF 
17 18:25:44 Jason ooh we just did this in math class about a week ago! :-

) 
 

18 18:25:54 azemel if you have any questions, just ask  
19 18:25:55 Jason well, not the exact thing, but sequences and series  
20 18:26:03 Jason anyhow  
21 18:26:21 Jason so do we see how the number of sticks grows in a 

sequence? 
 

22 18:26:25 davidcyl ok i’ve drawn n=4,5,6  
23 18:26:29 Jason 4(+6) = 10  
24 18:26:36 Jason 10(+8) = 18  
24.1 18:26:43 davidcyl Completes drawing and arranging a series of 

three staircase figures 
Figure 
4-4 

 
Figure 4-4. davidcyl draws a series of geometric figures in the whiteboard then arranges 
them as shown. 
    
25 18:26:48 Jason i’m guessing 18(+10) = 28 for the next one, according to this 

pattern 
26 18:27:32 davidcyl the nth pattern has n more squares than the (n-1)th pattern 
27 18:27:55 davidcyl basically it’s 1+2+..+(n-1)+n for the number of squares in the nth 

pattern 
28 18:28:16 137 so n(n+1)/2 
29 18:28:24 davidcyl and we can use the gaussian sum to determine the sum: 

n(1+n)/2 
30 18:28:36 davidcyl 137 got it 
31 18:28:43 137 and 2(1+2+3...n-1) overlaps 
32 18:29:05 137 so n(n+1)/2-n(n-1)/2? 
33 18:29:31 davidcyl well to find the number of sticks: 
34 18:29:39 davidcyl let’s look on the board 
35 8:29:54 Jason should we use a recursive or explicit definition for it 
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Session 1: Staircase Problem 

In this session participants are meeting for the first time as part of the VMT 

Spring Fest 2006 project. Three participants, davidcyl, Jason, and 137, enter the chat 

session where the moderator directs them to the VMT topic page. There, they are 

presented with instructions to derive a formula to determine the number of lines and 

squares that make up a geometric figure based on N number of rows (Figure 4-3). I will 

refer to this problem as the “matchsticks” problem (Hershkowitz, Arcavi, & 

Bruckheimer, 2001). Interaction analysis of this session yielded two distinct episodes. 

The first documents how the group establishes a strategy for solving the matchsticks 

problem. The second episode is shorter but contains a lucid joint explanation by the 

participants of how they devised their solution. Both episodes are foundational for 

understanding later sessions.  

Episode 1-1: Counting Sticks and Squares 

This is the first meeting for the participants (Table 4-1 contains the transcript 

described for this episode). After everyone has entered the VMT environment they are 

directed by the moderator (azemel) to view the math topic they are to work on (Figure 

4-3; lines 12-13 in Table 4-1). davidcyl begins working on the problem by drawing a 

series of three figures (Figure 4-4). On completion, he associates the three figures to the 

problem instructions by posting, “ok I’ve drawn n=4,5,6” (line 22; Figure 4-3 bulleted 

item 1) and rearranges the figures horizontally. davidcyl’s statement establishes the 

drawings as a referent for the variable n. Next, davidcyl establishes a unit of 

measurement by explicitly noting, “squares” in his statement about the underlying pattern 

(26). He then promptly makes a proposal (27) using math notation. The proposal and its 

notation are affirmed and then simplified by 137 (28). davidcyl affirms 137’s 

simplification first by associating it with a known mathematical procedure (29) and 
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second by attributing the solution to 137 (30). At this point both davidcyl and 137 have 

demonstrated consensus on a formula for counting squares. 137 then makes a subtle but 

not unnoticed transition. Within seconds of davidcyl’s acknowledgement 137 initiates a 

proposal that transitions the activity from counting the number of squares to counting 

sticks in what he refers to as “overlaps” (line 31). davidcyl affirms 137’s transition but 

rephrases the work as, “well to find the number of sticks:” (line 33). davidcyl then invites 

his partners to look at the whiteboard where he proceeds to draw five circles over the 

horizontal lines of the top left figure illustrating what 137 referred to as “overlaps” and at 

the same time ratifying a new course of action in the activity (line 34 and Figure 4-5). 

At lines 39 and 40 (see transcript listing in Table 4-2) davidcyl shares an 

interpretation of a pattern with an implicit reference to the five circles he recently drew. 

The proposal is in two parts. First, “anyway, when n=4, there’s 1+2+3+4+4 horizontal 

sticks” then “and 1+2+3+4+4 vertical sticks” (line 40). An implicit reference is 

established between the values in davidcyl’s notation (39 and 40) and the specific figure 

that he previously annotated (Figure 4-5). During the ensuing interaction the group 

moves through multiple cycles of repair as they attempt to reach consensus on how and 

where to count “sticks” (lines 41-51; 53-59). By lines 72 and 73 an agreed upon solution 

is reached as davidcyl affirms Jason’s solution (proposed at line 53). At line 75, Jason 

initiates a proposal to begin devising a formula for counting squares. This exposes a 

misalignment with the problem solving activity up to this point. Jason was not aware that 

137 and davidcyl had previously worked out the formula for counting squares. 137 begins 

a repair at line 78 while davidcyl affirms the repair. Jason acknowledges the oversight as 

davidcyl creates a visual link from his chat message at line 81 to a mathematical formula 

given at line 29 (approximately 8 minutes prior). At line 82 Jason requests placing the 

formula at line 29 into the whiteboard.  
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Table 4-2. Transcript t1.1 

ID Time Author Content REF 
35.1 18:30:01 davidcyl Draws five circles over top left figure in 

whiteboard 
Figure 
4-5 

 

Figure 4-5. davidcyl draws five circles over top left drawing in Figure 4-4 to signify 
horizontal “sticks” 

 
39 18:30:51 davidcyl anyway, when n=4, there’s 1+2+3+4+4 horizontal 

sticks 
 

40 18:31:03 davidcyl and 1+2+3+4+4 vertical sticks  
41 18:31:06 Jason let’s see  
42 18:31:08 Jason when n=2  
43 18:31:21 137 then we have 5.  
44 18:31:23 davidcyl no, squares  
45 18:31:37 davidcyl sorry i wasn’t clear  
46 18:31:41 137 5*2=10.  
47 18:31:45 137 ?  
48 18:31:54 Jason ooh  
49 18:32:02 Jason well could you just use like  
50 18:32:20 137 n(n+2)?  
51 18:32:21 davidcyl 137: i’m separating the sticks into vertical and 

horizontal sticks 
 

52 18:32:25 137 oops.  
53 18:32:28 Jason # sticks = N*(3+N)  
54 18:32:30 davidcyl wait what are you working on?  
55 18:32:32 Jason wait lemme check  
56 18:32:35 davidcyl (to 137)  
57 18:32:46 137 Great. Confused.  
58 18:33:03 Jason 137 are you talking about # sticks or squares  
59 18:33:09 137 Sticks.  
60 18:33:18 Jason ok  
61 18:33:21 davidcyl i would think it’s 2(n(1+n)/2) + n + n  
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Table 4-2. (Continued) Transcript t1.1. 
62 18:33:23 Jason well i think my formula works  
63 18:33:33 Jason provided that you have a value for N  
64 18:33:57 davidcyl because it’s basically (1+..+n + n) + (1 + .. + n + n)  
65 18:34:12 davidcyl checking  
67 18:34:33 Jason well hello nish  
68 18:34:42 azemel welcom nish  
69 18:34:47 Jason click on “view topic” near the top-center to see the 

problems 
 

70 18:34:57 ssjnish welcome nish  
71 18:34:57 azemel do you guys want to bring nish up to speed?  
72 18:35:03 davidcyl this simplifies to n(1+n) + 2n, or n(3+n) 61 
73 18:35:09 davidcyl so jason, you’re right  
74 18:35:16 Jason :-)  
75 18:35:36 Jason so now onto a formula for the total number of squares   
76 18:35:42 davidcyl ok let’s complete the table   

77 18:35:46 Jason if you take the change in the change of the number of 
squares, it’s constant   

78 18:36:10 137 Didn’t we do that? 75 

79 18:36:19 davidcyl yes   
80 18:36:27 Jason oh, sorry i guess i must’ve not caught that   
81 18:36:33 davidcyl look up 29 

82 18:36:33 Jason could someone post it in a text box on the whiteboard   
83 18:36:38 davidcyl sure   
84 18:36:40 azemel be sure that SSJNISH is up to speed folks   
85 18:36:53 azemel are you following ssjnish?   
86 18:37:16 Jason alright, so that formula’s for sure right?   
87 18:37:24 137 YA.   
88 18:37:33 Jason yeah, sorry for moving the box around a little 86 

89 18:37:33 davidcyl ssjnish, press the load messages button   
90 18:37:35 137 Ya.   
91 18:37:48 davidcyl it’s above this chat box, like 2 arrows in a circle   
92 18:37:50 Jason it’s the “reload”-like icon at the top of this box 89 

93 18:37:53 Jason yeah   
94 18:38:00 azemel thanks davidcyl 91 

 

The particular use of the chat referencing tool to realign the group’s interaction 

towards particular phases of the problem solving activity is further analyzed later in this 

chapter. For now, it is worth noting how the participants orient to each other and to the 

organization of their interactional context. This is made even more salient in the 



 53 

following excerpt in which each member (davidcyl, 137, and Jason) provides an 

explanation for ssjnish about how they solved the staircase problem. 

Episode 1-2: Recitation of Procedure 

The second episode identified from session 1 interaction involves the fourth 

student participant, ssjnish. At the tail end of episode 1-1 ssjnish has logged in to the 

session. He is greeted briefly, as davidcyl is concluding the final version of the formula 

for counting sticks (line 72). ssjnish requests clarification and explanation on how the 

solution to the matchsticks problem was developed by the other three participants (line 

126 in Table 4-3). The response to this request is a co-constructed explanation by Jason, 

davidcyl, and 137 that is distributed over the next 18 postings (lines 131-149 in Table 

4-3). Jason leads the explanation be first referencing the “column for ‘N’” at line 131. He 

is referring the instructions given in Figure 4-3 containing a table and three geometric 

figures. His postings from 132 through 134 provide a broad overview of the activity and 

its purpose (line 134). However, ssjnish is concerned with knowing more details when he 

posts, “but how did u get that formula” at line 137. Jason disambiguates which formula 

ssjnish is referring (there are two formulas copied into the whiteboard at this moment) by 

creating a visual link from his post at 138 to the formula for (see Figure 4-6). Jason then 

organizes a procedural explanation. The explanation provides a glimpse into the group’s 

own reflection on the preceding problem solving strategy. The strategy is given first in 

practical terms (lines 140, 142-144) then in three different formal mathematical 

characterizations from the three participants. This is evident at line 140 when he notes, 

“uh, basically you try to find a pattern in the total number of squares first.” At this point 

davidcyl enters the dialog and explains how the instructions provided a mechanism for 

counting, “if you look at the patterns row by row, it's 1 + 2 + 3 + 4 + however many rows 

there are” (line 142). At line 143 and 144, davidcyl and Jason both rephrase the strategy 
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by including the variable N. Following this, all three participants (Jason, 137, and 

davidcyl) successively formalize the strategy. Jason characterizes it as finding the “sum 

of an arithmetic series,” davidcyl offers “the sum of consecutive integers,” while 137 

describes it as the application of the “gaussian sum” (lines 145-147).  

 

Figure 4-6. Jason highlights formula referenced by ssjnish. 

The participants’ first meeting provide indications of the their attention to the 

organization of their interaction. Three of the participants jointly construct an explanation 

for the fourth member and in so doing illustrate their specific orientation to specific 

semiotic and technological aspects of the setting. Embedded in the joint explanation are 

references to resources for ordering action as well as maintaining a conceptual coherence 

with inscriptions such as the problem instructions and related mathematical ideas. 

Overall, the initial session for the participants appeared to be cohesive. The negotiation of 

key components of the problem was productively worked out and the participants were 

able to reflect and describe their process effectively to ssjnish. The next session presents 

a bit more of a challenging problem. 
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Table 4-3. Transcript t1.2 

 

 

 

 

ID Time Author Content REF 
126 18:45:11 ssjnish just to clarify sumthing, i am not overwhelmingly good at math 

as u guys seem to be, so it may take me more time than u 
guys to understand sumthing.. 

 

127 18:45:44 azemel can you tell us what's puzzling you?  
128 18:46:07 Jason are we allowed to post images on the wiki? I could just 

download TeX real quick and get the summation notation in a 
small graphic 

 

129 18:46:12 ssjnish the derivation of the number of squares  
130 18:46:21 Jason oh  
131 18:46:31 Jason so you see in the list a column for "N"  
132 18:46:50 Jason when n=1, we have 1 square; for n=2, 3; and for n=3, 6  
133 18:47:00 Jason we came up with a formula to find the total number of squares 

for any number N 
 

134 18:47:16 Jason the purpose of the formula is so that you don't have to draw 
out the squares and count them 

 

135 18:47:39 ssjnish um yes  
136 18:47:41 ssjnish i know  
137 18:47:51 ssjnish but how did u get that formula  
138 18:48:00 Jason oh WB 
139 18:48:11 azemel i believe so 128 
140 18:48:12 Jason uh, basically you try to find a pattern in the total number of 

squares first 
 

141 18:48:47 Jason we found a formula for that which we'll post on the wiki  
142 18:49:00 davidcyl if you look at the patterns row by row, it's 1 + 2 + 3 + 4 + 

however many rows there are 
 

143 18:49:24 davidcyl so for the nth pattern, we can say there are 1 + ... + n squares  
144 18:49:27 Jason if N rows: 1+2+3+...N  
145 18:49:57 Jason so then we incorporated the formula for finding the sum of an 

arithmetic series 
 

146 18:50:12 davidcyl there's a formula for finding the sum of consecutive integers, 
which (when starting from 1) is: n(n+1)/2 

 

147 18:50:17 137 so you use gaussian sum to get n(n+1)/2 123 
148 18:50:25 Jason that's it 146 
149 18:50:35 davidcyl and as Jason said, it works for arithmetic sequences in 

general 
 

150 18:50:51 ssjnish hmm...  
151 18:50:56 ssjnish isee  
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Session 2: Diamonds 

Session 2 includes two participants returning from the prior session (137 and 

Jason) and one new participant, qwertyuiop. davidcyl and ssjnish are not present. Cynthia 

and jsarmi are the moderators. There are two consecutive episodes selected for analysis 

from this session. Each episode corresponds to one of two problem activities. The first 

directive, suggested by the VMT staff, asks the group to consider devising a recursive 

formula for the sticks and squares solution from session 1. The second problem also 

suggested by VMT staff, asks the group to consider devising a solution for generating a 

diamond shaped geometric pattern.  

Episode 2-1: Reformulating Previous Solution as Recursive 

The episode begins with the group revisiting the solution from the previous 

session in order to derive a recursive rather than a summation formula (lines 28 and 72 in 

Table 4-1). We begin at the tail end of their discussion when Jason asks 137 to check the 

recursive formula (line 390 in Table 4-4). Prior to line 390, the group had developed a 

formula for generating squares. Here, the group has started to work on devising a separate 

recursive formula for counting sticks when 137 uses “overlap” to refer to the lines 

between squares (393, 394). Immediately after posting, “Wait.” 137 overlays three circles 

on the horizontal lines in the second figure from session 1 (Figure 4-7). He follows up in 

the next posting with, “Those.” (395). Without interruption he continues his 

demonstration by posting, “And n-1 here: .” He then proceeds to overlay three new 

circles over the third figure from session 1 (Figure 4-8). In the ensuing sequence of 

messages the group negotiates the relevance of 137’s overlaps with regard to the task of 

counting sticks. By line 404 qwertyioup offers a strategy to resolve how to count overlaps 

followed by a solution (line 409) that builds upon a previous solution for squares: 

“number of squares*2 + n*2.” qwertyuiop’s notation specifies a dependency on a prior 
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solution that Jason picks up on when he notes how the formula requires that the 

calculation for “number of squares” must be specified first (line 412). By this point 

however, all three participants appear to agree on qwertyuiop’s formula for computing 

number of sticks. 

 

 

Figure 4-7. Signifying horizontal sticks 

 

Figure 4-8. Signifying vertical sticks 

This short episode is intended to highlight 137’s repurposing of prior inscriptions 

for indicating the identification of sticks or “overlaps.” His graphical demonstration sets 

up the interaction that ensues. The issue of establishing a graphical referent for sticks is 

seen as necessary in order to reach consensus on proving or disproving their proposed 

formula for counting sides. Note that this identical issue was raised in the session 1 (and 

also referred to as overlaps). Note also that the group has made the sequential order of the 

problem solving strategy explicit. Squares must be calculated before sticks. This is 

implicit in qwertyuiop’s math notation (line 409) while Jason recapitulates the strategy in 

practical terms (line 412). As we will see in the next episode, the explicit recognition of 

the dependency between number of squares and number of sticks emerges as a stable yet 

some times contentious interactional resource for the participants.
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Table 4-4. Transcript t2.0 

ID Time Author Content REF 

390 19:35:13 Jason did u check that  

391 19:35:39 Jason looks correct  

392 19:35:45 Jason how did you get it?  

393 19:36:23 137 There are n-1 overlaps here...  

394 19:36:24 137 Wait.  

394.1 19:36:34 137 137 denotes “horizontal” overlaps in drawing 
from  

Figure 
4-7 

395 19:36:36 137 Those.  

396 19:36:43 137 And n-1 here:  

397 19:36:45 qwertyuiop those?  

397.1 19:36:50 137  137 indexes “vertical” overlaps in drawing in 
figure 

Figure 
4-8 

398 19:36:57 Jason what do you mean by :”overlaps”  

399 19:37:17 137 They’re counted twise; they belong to two boxes.  

400 19:38:13 Jason are you guys still talking about that formula?  

401 19:38:22 Jason because i dont think the overlap in the diagrams 
matters 

 

402 19:38:23 137 Yeah...  

403 19:38:36 Jason if you are only calculating the number of sticks  

404 19:39:02 qwertyuiop might be easier if you think of each square 
corisponding to 2 sides-the right and bottom sides, 
and then add the upper left border 

 

405 19:39:50 qwertyuiop so it’s number of squares*2 +...  

406 19:40:04 Jason i don’t see how the borders overlap  

407 19:40:10 Jason if it’s just right and bottom  

408 19:40:18 137 ? 406 

409 19:40:32 qwertyuiop number of squares*2 + n*2 405 

410 19:40:46 qwertyuiop overlap? 406 

411 19:41:23 137 Yeah, that should be right... 409 

412 19:41:48 Jason well this requires you to first calculate number of 
squares; i think the formulas for each of these 
should be separate 

409 
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Episode 2-2: Making Diamonds 

The second episode in this session follows the recursive problem as the group 

decides to devise a solution for generating diamond shaped geometric patterns. The 

diamond problem exposes a number of challenges for the group. The shape itself is 

structured differently than the staircase shape from session 1. As a result, finding the 

variable N invokes extensive negotiation. Recall that N was provided by the instructions 

for session 1 where participants referred to it as the number of “rows” in the staircase 

figure. In this episode, however, it is not so clear at the onset what component of the 

diamond shape represents N. Before initiating any discussion about N or any other 

hypotheses, qwertyuiop and 137 simultaneously construct diagrams in the whiteboard 

after which 137 shares a candidate solution. The proposal, given in math notation, 

contains ambiguities and assumptions that the other members seek to clarify. Thus, the 

group moves through a period of negotiation in which they work out the components of 

137’s proposal. After further clarification by 137, the group reaches a consensus on the 

necessary parameters for devising a formula for counting squares and sticks in a diamond 

shape. The analysis of this episode focuses on 137’s appropriation of the whiteboard to 

mitigate the uncertainty expressed by his partners’ responses to his proposal and to show 

how the group subsequently manages two intertwined threads of activity. We begin with 

137. 

137 suggests trying the diamond problem (440 in Table 4-5). He and qwertyuiop 

subsequently begin to construct two separate drawings. 137 creates a square grid by 

dragging squares from the step-like figures created in the prior session (bottom right in 

Figure 4-9). qwertyuiop, on the other hand, creates a new drawing that more closely 

resembles a diamond shape (top left in Figure 4-9). Interestingly, he repurposes lines and 
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squares from the prior figure (staircase figure) by rearranging them into a diamond shape. 

Both participants complete their respective drawings at approximately the same time. 

qwertyuiop indicates this at 446 while 137 describes his drawing as, “There’s a square for 

later.” (447). This is a bit puzzling at first because the shape doesn’t resemble a diamond. 

However, 137’s idea becomes clearer later (for the analyst as well as the participants).  

 

 

 

Figure 4-9. qwertyuiop (top left) and 137 
(bottom right) both draw initial diagrams for 
solving the diamond problem 

 

 

Figure 4-10. 137 illustrates “side 
length” 

 

Figure 4-11. 137 illustrates 
hypothesis for finding number of 
squares. 
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Table 4-5. Transcript t2.1 

ID Time Author Content REF 
440 19:50:07 137 Let’s try diamonds first.. 438 
441 19:50:17 Jason ok  
442 19:50:27 Jason if the squares were arranged in a diamond-like 

shape... 
 

443 19:50:37 Jason wait -- lemme make sure i read the directions 
carefully 

 

444 19:50:44 Jason ok  
445 19:50:59 Jason thanks for drawing :)  
446 19:51:53 qwertyuiop like that? (at the top)  
447 19:51:55 137 There’s a square for later.  
447.1 19:52:30 qwertyuiop, 

137 
qwertyuiop and 137 have completed their 
respective drawings 

Figure 
4-9 

448 19:53:52 Jason ok  
449 19:53:57 Jason sorry for the delay on my part  
450 19:54:03 137 So the number of squares is n^2 +4, where n is a side 

length 
 

451 19:54:12 qwertyuiop the “each square with 2 sides” thing doesn’t work as 
neatly here 

 

452 19:54:13 Jason if we look at rows, its 1, 3, 5, 3, 1  
453 19:54:28 qwertyuiop how did you get that? 450 
454 19:54:29 Jason by side length you mean... 450 
454.1 19:54:46 137 137 highlights “side” in orange Figure 

4-10 
455 19:54:50 137 The orange.  
456 19:55:01 Jason ooohh... clever :-)  
457 19:55:08 qwertyuiop is the saide lenght? 455 
458 19:55:28 137 Yes.  
459 19:55:52 Jason can you explain how you got that formula?  
460 19:55:57 qwertyuiop so +4 is just for a side lenght of 3  
461 19:55:59 qwertyuiop ?  
462 19:56:40 137 Erm...  
463 19:56:45 137 I’ll make a new one.  
…     
470 19:58:36 Jason if that’s the case, then i guess we have to use 

recursion again 
460 

471 20:00:17 137 It doesn’t seem to work for clearing already painted 
areas. 

469 

473 20:00:18 137 Can someone tell if my messages appeared on the 
chat? I can’t see them/ 

 

474 20:00:29 137 Oh, nevermind.  
475 20:00:30 137 Lag.  
476 20:00:39 jsarmi tehy seem to be ok on my side 137 maybe a little 

bottleneck 
473 

477 20:00:52 Jason anyways, is that true? 470 
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With two new drawings now visible in the white board 137 is the first to present a 

hypothesis: “So the number of squares is n^2 +4, where n is a side length” (line 450). 

qwertyuiop is the first to take up 137’s idea by categorizing it as “the each square with 2 

sides thing” and further suggesting that a prior approach will not work for diamond 

shapes (451). At 452 Jason provides his observation: “if we look at rows, its 1,3,5,3,1”. 

There is a degree of ambiguity in Jason’s posting that prevents us from establishing it as a 

counter proposal or response to either of the previous postings. What is notable is that 

both Jason and 137, through their respective hypotheses, make attempts to implicitly 

identify N. Continuing at line 453 qwertyuiop requests clarification on 137’s procedure 

while at 454 Jason requests clarification on the meaning of side length. Both participants 

make explicit reference to 137’s hypothesis. They are requesting explanation for what 

137 is referring to as “side length” in his hypothesis (450). In response 137 places three 

orange colored squares over a corner of the diamond shape drawn by qwertyuiop (Figure 

4-10). He then posts, “The orange.” at line 455 establishing a referent for his clarification. 

Jason affirms the clarification (456) while qwertyuiop states an interpretation: “so +4 is 

just for a side lenght of 3?” (line 460). Note how qwertyuiop’s statement packages two 

aspects of 137’s proposal up to this point: the 3 orange squares in the whiteboard and 

137’s math notation at line 450. 137 responds to qwertyuiop’s question at line 463 by 

indicating that he will “make a new one.” In the ensuing seven minutes 137 struggles 

with multiple versions of his drawing before finalizing on a diamond shape that shows a 

large blue square surrounded on its perimeter by four white squares (line 493.1 and 

Figure 4-11). The drawing is constructed as a response to qwertyuiop’s question about 

“+4” at line 460. 
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Table 4-6. Transcript t.2.1 Overlapping activities 

ID Time Author Content REF 
478 20:00:57 qwertyuiop i think NumberOfSides = NumberOfSquares*2 + 

SideLength * 3-2 
 

479 20:01:29 Jason wait-- you gave a formula earlier  
480 20:01:34 Jason lemme see if i can find it  
481 20:01:42 qwertyuiop because it’s like the first shape, but with 3 other 

edges 
478 

482 20:01:55 Jason this one 450 
483 20:02:12 Jason oh but you’re talking about # of sides  
484 20:02:19 qwertyuiop yeah 483 
485 20:02:44 137 Oh, yeah that’s the blue in this diagram...  
486 20:02:45 137 Wait.  
487 20:02:50 qwertyuiop the minus 2 is for the upper and left corners 478 
488 20:03:00 137 Great. My controls froze.  
489 20:03:07 137 For the whiteboard.  
490 20:03:36 jsarmi this happens if you go bak in the “history” of the 

whitebaord 
489 

491 20:03:58 jsarmi Use the slider on the far left to come to the “present” 
moment of the whiteboard and your controls will get 
active again 

 

492 20:04:07 137 Thanks. 491 
493 20:04:13 jsarmi sure  
493.1 20:04:19 137 draws new figure to show two parts of the 

problem  Figure 

4-11 
494 20:04:42 137 So the blue is n^2 and there are 4 more squares 

outside for each... 
 

495 20:05:12 qwertyuiop that’s number of squares? 494 
496 20:05:24 137 IT should be...  
497 20:05:26 137 shoot.  
498 20:06:23 qwertyuiop or number of sides? 495 
499 20:06:37 137 I screwed up somewhere....  
500 20:06:50 qwertyuiop what are you trying to find? 499 
501 20:07:19 137 The number of squares.  
502 20:07:36 Jason actually... could this be figured out by using some 

geometric series 
 

503 20:08:18 Jason the fact that, when the squares are arranged in a 
diamond shape result in 1+3+5+3+1 total squares in 
the diagram to the left, remind me of pascal’s triangle 

WB 

504 20:08:35 Jason just a thought... not sure if it’ll work  
505 20:08:35 qwertyuiop using your previous method: SideLenght^2 + 

(SideLength-1)^2 
501 

506 20:08:51 qwertyuiop does that work? 505 
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Table 4-6. (Continued) Transcript t.2.1 Overlapping activities. 
ID Time Author Content REF 
507 20:10:06 qwertyuiop the part in front of the plus is the large, rotatewd 45 

square and the part after it is the smaller, not rotated 
squared 

505 

508 20:10:59 qwertyuiop um... hello?  
509 20:11:03 137 Hi.  
510 20:11:17 Jason well, looking at the center diagram with the orange 

boxed 
505 

511 20:11:18 qwertyuiop but does that work? 505 
512 20:11:20 Jason boxes  
513 20:11:24 Jason you’d be 1 off  
514 20:11:41 Jason nvm, my arithmetic skills faltered ther  
515 20:11:42 Jason e  
516 20:11:59 Jason there  
517 20:12:03 qwertyuiop checking for SideLenght=3...  
518 20:12:35 Jason works 517 
519 20:12:36 qwertyuiop yes, it works 517 
520 20:12:52 Jason cool, so should we call this a formula  
521 20:12:57 137 I don’t get why though... 519 
522 20:13:29 Jason i dont either 521 
523 20:14:10 qwertyuiop I used your previous method: take the (orange) side; 

that^2 gives part of the shape... 
521 

524 20:15:03 qwertyuiop the rest happens to be a square with a side length of 
one less, therfore th “(SideLength-1)^2” 

523 

525 20:15:10 qwertyuiop does that make sense?  
526 20:15:42 Jason i get it!  
527 20:15:43 Jason clever :)  
528 20:15:48 qwertyuiop 137?  
529 20:15:56 137 Now I do.  
530 20:16:17 Jason ok  

 

qwertyuiop and Jason have pending requests (lines 459 and 460) for 137 for 

which he is in the process of meeting (see previous paragraph). Despite this and without 

waiting for 137 to complete a new drawing qwertyuiop makes a subtle transition in the 

activity. He switches to counting sides when he posts, “i think NumberOfSides = 

NumberOfSquares * 2+SideLength*3-2” (line 478 in Table 4-6). Note that this posting 
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occurs while 137 is still constructing a response to qwertyuiop’s question at line 460 (and 

described in previous paragraph). This creates two overlapping activities. 137 is working 

on clarifying his formula for counting squares (line 450) about which the other members 

have expressed uncertainty (lines 459 and 460).  qwertyuiop, meanwhile, is moving the 

direction of the activity to solving for sides. Jason takes up qwertyuiop’s proposal and 

appears to be unsure about the switch when he posts, “oh but you’re talking about # of 

sides” (line 483). qwertyuiop affirms with “yeah.” The next post is by 137 who has 

apparently been monitoring the chat while dealing with drawing difficulties. He also 

affirms Jason’s posting, “Oh, yeah that’s the blue in this diagram…” followed by “Wait.” 

(lines 485 and 486). At this point 137 completes Figure 4-11. At line 494, 137 establishes 

a referent to the new drawing clearly still addressing the calculation of squares: “So the 

blue is n^2 and there are 4 more squares outside for each.” This corresponds to the 

drawing in Figure 4-11 that displays a central square shape (in blue) and a perimeter of 

four squares. 137’s explanation is clearly formulated to address qwertyuiop’s question at 

line 460 and suggests the possibility that 137 is currently unaware of qwertyuiop’s switch 

in the activity despite his previous posting affirming Jason’s statement at line 483. A 

collision is imminent.  

qwertyuiop begins to locate trouble in 137’s explanation at line 494 when he asks 

about number of squares (495). 137 responds that “it should be”, then begins to express 

doubt (497). qwertyuiop then posts. “or number of sides?” after which 137 begins to 

acknowledge a problem. He and qwertyuiop are referring to two different stages of the 

problem solving strategy. These overlapping threads are finally exposed when 137 

explains that he is counting “The number of squares” (501). As a way of reconciling the 

misalignment in activity, qwertyuiop gets 137 up to speed by providing his current 

interpretation of the situation.  He reestablishes 137’s original proposal (lines 505 and 
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507). At line 507, in particular, he formulates an explanation that builds upon the figure 

constructed by 137 (493 and Figure 4-11) and his own proposed math notation (505). 

qwertyuiop’s proposal affirms the strategy of turning the problem into two components 

by posting, “the part in front of the plus is the large, rotatewd 45 square and the part after 

it is the smaller, not rotated squared” (line 507). The statement indexes both the notation 

(e.g., “part in front of the plus…”) and elements of the geometric figures in the 

whiteboard (e.g., “rotated squared”).  

In the next series of postings (lines 513-520), Jason and qwertyuiop proceed to 

check the formula (SideLenght^2 + (SideLength-1)^2) by plugging in values for a side 

length of three (referencing Figure 4-10). Despite showing that the formula works for a 

side length of three, 137 and Jason express puzzlement with regard to how the formula 

works (521 and 522). Plugging in values and checking the results against the inscription 

provide some proof but they are not sure why it works. Subsequently, 137 draws a new 

diamond with a side length increased by one perhaps to verify that the formula works for 

different values of N (Figure 4-12c). There isn’t discussion about the new figure as the 

group members may have implicitly verified the second “test” without confirmation. 

Nevertheless, qwertyuiop recapitulates the explanation of the formula given at lines 505 

and 507, this time with less ambiguity with regard to which graphic object is being 

aligned with math notation: “I used your previous method: take the (orange) side; that^2 

gives part of the shape...” then, “the rest happens to be a square with a side length of one 

less, therfore th “(SideLength-1)^2” (lines 523 and 524). qwertyuiop’s explanation is 

accepted by both Jason and 137 (lines 526, 529).  

Similar to session 1, the interaction in this episode is characterized by the group’s 

efforts to maintain the organization of their problem solving activity. The concurrent 

activities initiated by 137 and qwertyuiop expose a misalignment that invokes a sequence 
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of repair both in regard to their management of the interaction as well as the conceptual 

elements (counting squares and counting sticks). I will return to this issue later in the 

chapter. 

 

Session 3: Triangles and Hexagonal Arrays 

On day three of the Spring Fest 2006 project, participants Jason, 137, and 

qwertyuiop meet once again to work on math problems involving geometric patterns. In 

previous sessions the group worked on staircase and diamond shaped geometric figures. 

In this session the group attempts to work out a solution for generating hexagonal 

 

Figure 4-12. (a) illustrating N, (b) illustrating number of squares, (a, c, d) illustrating 
series 
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patterns. It is clear early in the episode that the group invokes a similar strategy to the one 

identified in the previous two sessions. However, the hexagonal problem presents a 

difficult challenge for the group. As we saw from the previous analyses, the group 

organizes their activity in a stepwise manner as they first establish an independent 

variable (e.g., number of rows in session 1, or side length in session 2) followed by 

observations of two dependent variables (number of squares and sticks). The hexagonal 

pattern, however, is based on a different geometric unit – triangles rather than squares. As 

a result, the group’s adoption of the whiteboard as medium for negotiation is extensively 

demonstrated as they attempt to (1) establish a unit of measurement for N (2) establish a 

unit of measurement for triangles (3) establish a solution for counting sticks or sides (of 

triangles). The following analysis is organized around these three problems in the 

activity. 

Episode 3-1: Counting Triangles  

The episode begins with qwertyuiop drawing a grid of triangles (see Figure 4-13a; 

line 704 in Table 4-7). At 705 137 makes a proposal and formulates a strategy, “do you 

want to first calculate the number of triangles in a hexagonal array?” Jason requests 

clarification by asking someone to “highlight” what is referred to as a hexagonal array 

(709). 137 addresses this request by outlining a hexagon around the perimeter of the grid 

(Figure 4-13b). Jason follows by highlighting a portion of the grid to show a smaller 

hexagon and asking, “so it has at least 6 triangles?” (Figure 4-13c; lines 712 and 713). 

137 addresses Jason’s question by redrawing the outer perimeter in blue then clarifies 

which hexagon he is referring to (Figure 4-13d and line 719). Jason then proposes a 

general approach for proceeding by posting, “input: side length; output: # triangles” (720 

and 721). qwertyuiop advances the proposal by suggesting a way to break down the 
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geometric figure into smaller components: “It might be easier to see it as the 6 smaller 

triangles.” 137 takes this up by first asking, “Like this?” (line 723), then he proceeds to  

draw six triangles, this time in red, over the grid (Figure 4-13e; lines 722, 723). At lines 

724 and 725 both qwertyuiop and Jason affirm 137’s annotation as meeting qwertyuiop’s 

suggestion to break down the grid into (six) smaller components. At this point the group 

has established an inscriptional resource in the whiteboard through which they further 

negotiate how to formulate a mathematical formula for calculating triangles in a 

hexagonal grid. They draw on this visual resource in the following segment. 

The outlined area in red drawn by 137 illustrates the symmetry of the hexagon 

grid has having six identically formed triangles. With the newly annotated geometric 

figure in the white board (Figure 4-13e), qwertyuiop makes an initial observation 

concerning the symmetry of each of the six triangles outlined by 137. At line 726 he 

notes, “side length is the same...” (e.g., in Figure 4-13e the outer edge of each red triangle 

is made up of five smaller triangles). Jason extends this further when he observes, “so 

it’ll just be x6 for # triangles in the hexagon” (line 728). 137 follows this with a specific 

proposal for calculating the number of triangles in each (red) section of the hexagon: 

“Each one has 1+3+5 triangles.” (729). qwertyuiop makes a comparison to s prior session 

when he posts, “the ‘each polygon corresponds to 2 sides’ thing we did last time doesn’t 

work for triangles” (731). It is not clear to the analyst how this statement is aligned with 

137’s proposal at line 729. However, 137 clarifies the issue by elaborating on his own 

proposal when he questions: “It equals 1+3+...+(n+n-1) because of the ‘rows’?” (line 

732). qwertyuiop posts agreement by further clarifying the sequence, ‘1+3+5’, as 

corresponding to triangle grids: “yes- 1st row is 1, 2nd row is 3...” (line 733). Next, 137 

makes a formal reduction of notation at line 732 to ‘n^2’ (line 735) while Jason 

reformulates the expression to account for six triangle grids (line 738). 
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It is interesting here how 137 draws upon vocabulary from session 1 and session 2 

in which the ‘number of rows’ was correlated with the input variable for counting square 

shapes. Here, 137 is reapplying the notion of rows to triangle rather than square grids. 

Both Jason and qwertyuiop align their subsequent interpretations to this proposal to (1) 

express agreement and (2) to work out the formal mathematical expression for the 

calculating triangles in triangle grids. 

 

   
(a) (b) (c) 

 
 

 

(d) (e) (f) 

Figure 4-13. (a) initial drawing, (b) illustrating a hexagon, (c) locating a smaller hexagon 
referenced from chat, (d) illustration of hexagon re-emphasized, (e) illustrating six 
smaller triangles, (f) triangles re-emphasized. 
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Table 4-7. Transcript t3.0 

ID Time Author Content REF 

694 19:11:16 137 Great. Can anyone m ake a diagram of a bunch of 
triangles? 

 

695 19:11:51 qwertyuiop just a grid?  
696 19:12:07 137 Yeah...  
697 19:12:17 qwertyuiop ok...  
698 19:14:09 nan so what’s up now? does everyone know what other 

people are doing? 
 

699 19:14:25 137 Yes?  

700 19:14:25 qwertyuiop no-just making triangles  
701 19:14:33 137 I think... 699 

702 19:14:34 Jason yeah  

702.1 19:14:36 qwertyuiop q completes initial grid of triangles  Figure 
4-13a 

703 19:14:46 nan good:-) 701 

704 19:14:51 qwertyuiop triangles are done  

705 19:15:08 137 So do you want to first calculate the number of 
triangles in a hexagonal array? 

 

706 19:15:45 qwertyuiop What’s the shape of the array? a hexagon? 705 

707 19:16:02 137 Ya. 706 

708 19:16:15 qwertyuiop ok...  
709 19:16:41 Jason wait-- can someone highlight the hexagonal array on 

the diagram? i don’t really see what you mean... 
 

710 19:17:30 Jason hmm.. okay  

711 19:17:43 qwertyuiop oops WB 

711.1 19:17:32 137 137 outlines a hexagon over triangle grid Figure 
4-13b 

712 19:17:44 Jason so it has at least 6 triangles?  

713 19:17:58 Jason in this, for instance Figure 
4-13c 

714 19:18:53 137 How do you color lines?  
715 19:19:06 Jason there’s a little paintbrush icon up at the top  

716 19:19:12 Jason it’s the fifth one from the right  

717 19:19:20 137 Thanks.  
718 19:19:21 Jason there ya go :-)  
718.1 19:19:40 137 137 colors the outer hexagon outline blue Figure 

4-13d 
719 19:19:48 137 Er... That hexagon.  
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Table 4-7 (Continued) Transcript t3.0 
ID Time Author Content REF 

720 19:20:02 Jason so... should we try to find a formula i guess  

721 19:20:22 Jason input: side length; output: # triangles  

722 19:20:39 qwertyuiop It might be easier to see it as the 6 smaller 
triangles. 

 

723 19:20:48 137 Like this? 722 

723.1 19:21:00 137 137 outlines six triangles over hexagon using 
red 

Figure 
4-13e 

724 19:21:02 qwertyuiop yes  

725 19:21:03 Jason yup  

726 19:21:29 qwertyuiop side length is the same...  

727 19:22:06 Jason yeah  

728 19:22:13 Jason so it’ll just be x6 for # triangles in the hexagon  

729 19:22:19 137 Each one has 1+3+5 triangles.  

730 19:22:23 Jason but then we’re assuming just regular hexagons  

731 19:22:29 qwertyuiop the “each polygon corrisponds to 2 sides” thing we 
did last time doesn’t work for triangles 

 

732 19:23:17 137 It equals 1+3+...+(n+n-1) because of the “rows”?  

733 19:24:00 qwertyuiop yes- 1st row is 1, 2nd row is 3...  

734 19:24:49 137 And there are n terms so... n(2n/2)  

735 19:25:07 137 or n^2 734 

736 19:25:17 Jason yeah  

737 19:25:21 Jason then multiply by 6  

738 19:25:31 137 To get 6n^2 737 

 

Episode 3-2: Counting Sticks As Collinear Sides 

This episode is a continuation of episode 3-1. It is separated in the analysis as it 

addresses a complex issue for the participants: How to count the number of sides/sticks in 

a hexagonal pattern at different values of N.  The participants make multiple attempts to 

develop consensus for identifying a pattern for counting sticks in the hexagonal figure. In 
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the previous episode they successfully devised a solution for counting triangles. Here, 

qwertyuiop initiates a transition to the problem of counting sticks (as subunits of 

triangles) by introducing the idea of collinear sides (line 742). It turns out that this idea 

requires extended negotiation among the group in order to resolve what qwertyuiop 

means by and is referring to as collinear sides with respect to the hexagonal figure. Of 

interest here is how qwertyuiop and 137 exchange both chat messages and a flurry of 

inscriptions consecutively layered over the most recent modification of the figure (Figure 

4-13e). Analysis presented next addresses this negotiation structure before moving to on 

to show how the group eventually developed consensus for a solution.  

At line 742 (see Table 4-8) qwertyuiop presents his idea for counting the sides of 

the hexagonal grid. 137 takes up this presentation by drawing two arrows on either side 

of the figure then requests confirmation that he has appropriately located and established 

a referent (Figure 4-13f; line 746). qwertyuiop locates trouble in 137’s arrows and 

initiates a sequence of repair by first drawing three green lines over the portion of the 

grid. He then posts, “find those, and then multiply by 3” (Figure 4-14a; line 749). 137 

again attempts to establish the referent at line 750. qwertyuiop replies with a restatement 

of his proposal but this time includes references to the newly marked up figure (Figure 

4-14a; 751). At line 752, 137 expresses agreement with what qwertyuiop is attempting to 

demonstrate and he proceeds to draw a second figure over the grid that outlines a small 

hexagon shape (Figure 4-14b). 137 then references this shape as he challenges 

qwertyuiop’s proposal: “Wait. Wouldn’t that not work for that one?” (line 753). 

137’s challenge is acknowledged by Jason (754 and 755) but is not addressed 

directly by qwertyuiop. Instead, qwertyuiop’s next posting advances his original proposal 

by formulating a candidate hypothesis for determining the number of sticks (collinear 

sides) given a value for a side length (line 758). 137 questions the correctness of the 
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formula setting off another exchange in which qwertyuiop reestablishes the referent for 

collinear sides.  At line 763, qwertyuiop uses the reference tool to isolate which element 

of the hexagonal figure he is referring to and expresses doubt about ‘seeing the pattern’ 

(Figure 4-14c and line 765). 137, still seeking a clarification about how qwertyuiop is 

decomposing the geometric structure, asks about ignoring the ‘bottom’ line then draws a 

short orange colored line over one short segment (Figure 4-14d and line 766).  

 

   

(a) (b) (c) 

   
(d) (e) (f) 

Figure 4-14. (a) establish location of “collinear sides,” (b) relocating hexagon shape, (c) 
reestablish referent, (d) negotiate unit of measurement, (e) relocating hexagon shape, (f) 
reestablish collinear sides 
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Table 4-8. Transcript t3.1 

ID Time Author Content REF 
742 19:25:48 qwertyuiop an idea: Find the number of a certain set of 

colinear sides (there are 3 sets) and multiply the 
result by 3 

 

743 19:26:03 Jason i did--apparently it didn’t work for him 740 
744 19:26:13 Jason or his internet could be down, as he’s not even 

on IM right now 
 

745 19:26:13 nan i see. thanks! 743 
746 19:26:36 137 As in those? 742 
746.1 19:26:33 137 draws two arrrows to index his request Figure 4-13f 
747 19:27:05 qwertyuiop no-in one triangle. I’ll draw it... 746 
748 19:28:10 qwertyuiop those  
749 19:28:28 qwertyuiop find those, and then multiply by 3  
749.1 19:28:19 multiple 137 and qwertyuiop both highlight colinear 

sides  
Figure 4-14a 

750 19:28:50 137 The rows?  
751 19:30:01 qwertyuiop The green lines are all colinear. There are 3 

identical sets of colinear lines in that triangle. 
Find the number of sides in one set, then 
multiply by 3 for all the other sets. 

 

752 19:30:23 137 Ah. I see.  
752.1 19:30:58 137 137 makes smaller hexagon in orange  Figure 4-14b 
753 19:31:07 137 Wait. Wouldn’t that not work for that one?  
754 19:31:12 Jason yeah  
755 19:31:15 Jason beacuse that’s irregular  
756 19:31:17 137 Or are we still only talking regular ones?  
757 19:31:22 137 About  
758 19:31:24 qwertyuiop side length 1 = 1, side length 2 = 3, side length 

3 = 6... 
 

759 19:32:50 137 Shouldn’t side length 2 be fore? 758 
760 19:32:53 137 *four  
761 19:33:10 qwertyuiop I count 3. 759 
762 19:33:25 137 Oh. Sry.  
763 19:33:30 qwertyuiop It’s this triangle. Figure 4-14c 
764 19:33:45 137 We  
765 19:33:54 qwertyuiop I don’t see the pattern yet... 758 
766 19:34:01 137 We’re ignoring the bottom one?  
766.1 19:34:14 137 draws a small orange line over the bottom of 

a triangle 
Figure 4-14d 

767 19:34:29 qwertyuiop no, 3 is only for side length 2. 766 
768 19:34:52 137 And I think the’y;re all triangular numbers. 765 
769 19:35:17 qwertyuiop “triangular numbers”? 768 
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Table 4-8 (Continued) Transcript t3.1 
ID Time Author Content REF 
769.1 19:35:36 137 137 draws regular hexagon in red over the triangle  Figure 

4-14e 
770 19:35:37 Jason you mean like 1, 3, 7, ...  
771 19:35:39 Jason ?  
772 19:35:59 137 Like 1,3,6,10,15,21,28. 770 
773 19:36:02 qwertyuiop the sequence is 1, 3, 6... 770 
774 19:36:30 137 Numbers that can be expressed as n(n+1)/2, where n 

is an integer. 
 

775 19:36:45 qwertyuiop ah  
776 19:37:18 137 So are we ignoring the bottom orange line for now? 766 
777 19:37:36 qwertyuiop “green”? 776 
778 19:37:48 137 THe short orange segment.  
778.1 19:38:02 137 overlays two additional blue lines to assist q in 

locating is referent (the orange segment) 
Figure 
4-14f 

779 19:38:05 137 PArallel to the blue lines.  
780 19:38:05 qwertyuiop I don’t think so...  
781 19:38:26 137 Wait, we are counting sticks right now, right? 780 
782 19:38:48 qwertyuiop yes-one of the colinear ets of sticks  
783 19:39:08 qwertyuiop oops-”sets” not “ ets”  
784 19:39:42 137 So we are trying to find the total number of sticks in a 

given regular hexagon? 
782 

785 19:40:18 qwertyuiop not yet-we are finding one of the three sets, then 
multiplying by 3 

784 

786 19:40:40 qwertyuiop that will give the number in the whol triangle  
787 19:40:51 137 Then shouldn’t we also count the bottom line? 785 
788 19:41:01 Jason are you taking into account the fact that some of the 

sticks will overlap 
786 

789 19:41:41 137 Then number of sticks needed for the hexagon, right? 786 
790 19:42:22 qwertyuiop Yes. The blue and green/orange lines make up on of 

the three colinear sets of sides in the triangle. Each set 
is identical and doesn’t overlap with the other sets. 

788 

791 19:42:50 Jason ok  
792 19:43:11 Jason this would be true for hexagons of any size right>  
793 19:43:13 qwertyuiop triangle, so far 789 
794 19:43:25 137 Oh.  
795 19:43:26 qwertyuiop this one WB 
796 19:43:52 137 Yes, but they will overlap...  
797 19:44:13 137 Eventually when you multiply by 6 to get it for the 

whole figure. 
 

798 19:44:30 qwertyuiop no, the sets are not colinear with eachother. I’ll draw 
it... 

796 

800 19:46:34 137 Oh. I see.  
801 19:46:52 qwertyuiop Those are the 3 sets. One is red, one is green, one is purple. 
802 19:47:12 Jason wait--- i don’t see the green/purple ones  
802.1 19:47:33 multiple q and 137 has redrawn the triangle in question, 

aligning 3 sets with three different colors 
Figure 
4-15a 

803 19:47:40 qwertyuiop so we find a function for that sequence and multiply by 
3 

774 
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Table 4-9. Transcript t3.2 

ID Time Author Content REF 
854 20:01:31 137 Anyways, if we multiply the orange by 3, we get the:  
855 20:01:34 nan do two of you want to continue working for a bit or stop 

here? 
 

856 20:01:44 nan i guess that’s the answer 854 
857 20:01:48 nan go ahead  
857.1 20:01:53 137 137 draws three triangles in blue Figure 

4-15b 
858 20:02:14 137 So then we add 12n for:  
859 20:02:15 qwertyuiop actually, this doesn’t complicate it that much. The 

overlaps can be accounted for with “-6n” 
847 

859.1 20:02:52 137 137 has re-outlined the outer hexagon in pink Figure 
4-15c 

860 20:02:55 137 Oh. 859 
861 20:03:07 137 I like addition more than subtraction.  
862 20:03:16 qwertyuiop do you see why that works 859 
863 20:03:18 qwertyuiop ?  
864 20:03:29 137 So: 9n(n+1)-6n.  
865 20:03:45 qwertyuiop 9, not 3?  
867 20:04:35 qwertyuiop you have “9n(n...”  
868 20:04:47 qwertyuiop not “3n(n...”?  
869 20:05:00 137 But we need to multiply by 6 then divide by 2 868 
870 20:05:22 qwertyuiop x6 and /2 for what? 869 
871 20:05:47 137 FOr each triangle  
872 20:06:02 137 and /2 because it’s part of the equation.  
873 20:06:06 137 of n(n+1)/2  
874 20:06:20 qwertyuiop it’s x3 for the 3 colinear sets, then x6 for 6 triangles in a 

hexagon... where’s the 9 and 2? 
 

875 20:06:28 qwertyuiop oh 872 
876 20:06:38 137 So 18/2.  
877 20:06:50 137 A.K.A. 9  
878 20:07:08 qwertyuiop (n(n+1)/2)x3x6 873 
879 20:07:15 137 Yeah.  
880 20:07:27 qwertyuiop which can be simplified...  
881 20:07:46 137 To 9n(n+1) 880 
882 20:08:04 qwertyuiop that’s it? 881 
883 20:08:12 137 -6n.  
884 20:08:24 137 So 9n(n+1)-6n  
885 20:08:34 qwertyuiop i’ll put it with the other formulas...  
886 20:09:47 qwertyuiop number of triangles is...  
887 20:10:28 137 That. 738 
888 20:10:43 137 6n^2  
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Again, qwertyuiop attempts to re-establish the referent for his proposal (line 767) 

while 137 formulates his own candidate pattern by referring to triangular numbers (line 

768) to which qwertyuiop requests clarification (769). 137 responds by first outlining a 

hexagon in red (Figure 4-14e). Even though there are multiple instances in which the 

participants attempt to formulate a pattern, the issue of establishing a shared referent for 

the observing a pattern remains problematic. During the ensuing exchange qwertyuiop 

and 137 both seem to be referring to different elements of the figure (lines 777 and 778). 

It is not until line 800 that some resolution appears near.  

After drawing three sets of lines in different colors over the triangle, qwertyuiop 

re-expresses his clarification of the proposal (Figure 4-15a; line 801). In the next segment 

of exchanges 137 appears to have a breakthrough in his interpretation of qwertyuiop’s 

idea quite possibly due to qwertyuiop’s most recent drawing. As a way of confirming his 

uptake of qwertyuiop’s newly reformulated idea 137 initiates a demonstration sequence 

consisting of two additional modifications to the hexagonal grid.  

137 begins by posting, “if we multiply the orange by 3, we get the:.” He continues 

the statement as a drawing overlaid on a different section of the hexagonal grid (Figure 

4-15b; line 854 Table 4-9). This drawing is a component of qwertyuiop’s drawing in 

Figure 4-15a in which 137 is able to illustrate which sides of the triangles need to be 

counted while also excluding the collinear sides (see blue triangles in Figure 4-15b). This 

inscription demonstrates that at least some of the ambiguous referents to collinear sides 

have been resolved for 137. This has been the major thrust of qwertyuiop’s argument thus 

far and 137 has demonstrated a lucid interpretation. His next posting continues to work 

out the solution. At line 858, he posts, “So then we add 12n for:.” Again, he continues the 

statement as a drawing this time outlining the entire hexagonal grid in pink (Figure 

4-15c). This final outlining of the grid resituates the problem of counting sides within the 
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extended series of triangles in the grid. As the episode winds down, 137 and qwertyuiop 

(Jason exited early) agree on the solution for generating the pattern and post their formula 

in the whiteboard. 
 

 
 

 

(a) (b) (c) 

Figure 4-15. Negotiation sequence. (a) qwertyuiop uses color to show collinear sides, (b) 
137 draws his interpretation, (c) 137 shows how solution is part of the larger hexagon. 

 

Session 4: Cubed Staircase 

Session 4 is the final meeting for participants as part of the Spring Fest project. 

Jason, 137, and qwertyuiop return while a fourth member, ssjnish, has rejoined the team. 

They briefly discuss how they would approach a hypercube problem. After some 

reluctance from Jason and 137 they decide instead to attempt a variation of the staircase 

problem from session 1, this time as a set of cubes. Effectively drawing cubes in the 

whiteboard is problematic for the group. As a result, qwertyuiop uses 3-D modeling 

software on his computer to render images of a series of geometric figures during the 

course of the activity. He inserts the images into the whiteboard as needed to make them 

available for the problem solving. The following analysis highlights the group’s efficient 
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appropriation of the ConcertChat environment as well as a demonstration of the stability 

of their interactional practices. 

Episode 4-1: A 3-D Staircase 

qwertyuiop begins the problem solving by drawing a cube while also denoting 

three dimensions on XYZ axes (Figure 4-16a). He then constructs a proposal for the 

problem by explaining how it is like the “first” problem (see Figure 4-3) from session 1 

but with the added third dimension (see Table 4-10; 998). At this point qwertyuiop 

expresses doubt about how to construct an adequate drawing for working out the proposal 

(1002). 137 adds three arrows over qwertyuiop’s drawing indicating the directions in 

which the cubes will grow (Figure 4-16b). qwertyuiop remains doubtful however about 

whether or not the “first” method can be applied (1004).  

At line 1008, Jason begins referring to height as an input variable (lines 1008-

1010). He follows with, “then there would be 4 squares” (1009). At line 1010 he 

expresses difficulty in handling different heights. He first tries a height of 2 (1008), and 

then advances to a height of 3 (1010). qwertyuiop notes Jason’s difficulty in “visualizing” 

the different values for height and announces that he will use a 3D modeling program to 

“paste something” (1017). He then creates a new drawing using a 3D modeling program 

on his computer and pastes the image into the whiteboard (Figure 4-16c). The image is a 

set of four cubes stacked in a staircase arrangement. qwertyuiop works exclusively with 

the 3D modeling program from this point forward to construct the different stages of the 

problem as the group proceeds through the activity. As we will see, this episode exposes 

the group’s explicit orientation towards prior methods and procedures and their co-

constitution with inscriptional practices.  

 



 81 

Figure 4-16. Setting up the problem 

Figure 4-17. Visualizing a series: n=2, n=4 

With a new graphical object available in the whiteboard (Figure 4-16c), the 

participants take note of its features. Jason notes that there are four cubes that make up 

the figure then he asks, “can you get the next level for these cubes” (line 1030) followed 

by, “then we might be able to start seeing a pattern” (line 1031). Addressing this, 

   

(a) (b) (c) 
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qwertyuiop inserts a new image that has more cubes. The image is arranged adjacent to 

the previous cube image (Figure 4-17). He then posts, “I think that’s n=4” (line 1032). 

qwertyuiop and Jason’s coordination here has established (1) that the independent 

variable N  is the height (or “level”) of the figure and, (2) have visualized a series of two 

values for N in order to  deduce the relationship between it and the number of cubes and 

sides (of cubes) (Figure 4-17).  

With the figures now available in the whiteboard 137 directs a transition in the 

activity when he proposes a hypothesis for determining the relationship between N and 

the number of cubes (line 1033 in Table 4-11). After negotiating 137’s proposal, the 

group finalizes a formula for counting cubes. qwertyuiop places the formula in a text box 

in the whiteboard.  
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Table 4-10. Transcript t4.0 

ID Author Content REF 
998 qwertyuiop on the first problem, the pattern continued in 2 dimensions 

(up and left) so this should continue in 3 (along each axis) 
 

999 qwertyuiop does that make sense?  
1000 Jason yea  
1001 137 Yes.  
1002 qwertyuiop i’m not sure how to draw that in an inteligable way...  
1002.1 137 137 layers directional arrows to signify three directions Figure 

4-16b 
1003 137 That kinda works...  
1004 qwertyuiop i wonder if the first method of assigning each square (or 

cube) to certain vertecies (or mabey faces) will work 
 

1005 Jason hmm  
1006 qwertyuiop I have an idea that might make this easier-one min.  
1007 Jason since this has three dimensions maybe it would be 

necessary to derive the formula from something relating to 
cubes (as in ^3, to the third power) 

 

1008 Jason so if there is a “height” of 2  
1009 Jason then there would be 4 squares  
1010 Jason a height of 3 -- er, i cant visualize that too well in my head  
1011 qwertyuiop Do you know of “Wings3D”?  
1012 137 No...  
…    
1017 qwertyuiop It’s a simple 3D modler I have. It might be easier to 

visualize that way. I’ll paste something 
 

…    
1021.1 qwertyuiop q has pasted a 3d image (4 cubes) in whiteboard 

(height of 2) and positioned it in center of whiteboard. 
Figure 
4-16c 

1022 Jason no matter which axis ur looking from  
…    
1030 Jason can you get the next level for these cubes  
1031 Jason then we might be able to start seeing a pattern  
1031.1 qwertyuiop q pasted in a second image with height of 4  Figure 

4-17 
1032 qwertyuiop I think that’s n=4.  

 

 

 

 



 84 

Table 4-11. Find number of cubes 

ID Time Author Content REF 

1033 19:27:34 137 The number of cubes is the sum of n consecutive 
triangular numbers... 

 

1034 19:27:49 qwertyuiop triangular? 1033 

1038 19:28:22 137 Numbers that are the sum of counstecutibe numbers 
starting from 1... 

1034 

1039 19:28:43 Jason how many cubes are in that diagram that you just posted?  

1040 19:28:45 qwertyuiop counstecutible? 1038 

1041 19:28:57 137 consecutive.  

1043 19:29:09 qwertyuiop 1 min 1039 

1044 19:29:34 137 10+6+3+1=20.  

1045 19:29:40 Jason 1, 4, 20, ...  

1046 19:29:53 137 YOu missed the 3-sided ones.  

1047 19:29:53 Jason so multiply by one more number each time?  

1048 19:29:56 Jason 1*4 = 4  

1049 19:30:01 Jason 4*5 = 20  

1050 19:30:09 Jason projected: 5*6 = 30?  

1051 19:30:18 Jason sry 20*6 = 120?  

1052 19:30:29 137 Side length 3 should have 6+3+1...  
1053 19:30:36 137 So 1,4,10,20.  

1054 19:30:50 qwertyuiop counting... 1053 

1055 19:31:11 Jason isn’t it 1, 4, 20, 120 ... not 10 before 20? 1053 

1056 19:31:22 qwertyuiop n=4 is 20  

1057 19:31:27 137 Those are side lengths 1,2, and 4.  

1058 19:31:31 137 You missed n=3.  

1060 19:32:19 Jason oh ok  

1061 19:32:25 Jason then i guess my pattern is void then  

1063 19:32:54 Jason oops sry  

1064 19:33:05 qwertyuiop yes, that’s right 1033 
1065 19:33:07 Jason i was going to say that it seems the change in the change 

in the change is constant 
 

1066 19:33:16 Jason so the formula should include something to the third 
power 

 

1067 19:33:20 Jason 3x change 1065 

1068 19:33:43 137 It should be... um... 1+3+...n(n+1)/2  
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Table 4-11 (Continued) Find number of cubes 
ID Time Author Content REF 

1069 19:33:59 Jason oh  

1070 19:34:04 137 so f(x)=f(x-1)+x(x+1)/2  

1071 19:34:34 Jason have you checked that for sure  

1072 19:34:35 Jason ?  

1073 19:34:44 137 No...  

1074 19:34:48 137 I’m trying right now.  

1075 19:35:03 137 It works so far.  

1076 19:36:02 137 Am I lagging or is noone posting?  

1077 19:36:19 qwertyuiop no one is posting  

1078 19:36:33 qwertyuiop i’ll type the equation with the others  

 

qwertyuiop now moves the focus of the activity to counting sides when he posts, 

“Shall we do number of vertices now?” (1079). 137 takes up the problem of counting 

sticks and makes a hypothesis, “Each cube has 2 pointing each direction. Wait. 4” (1094-

1096). This proposal is briefly considered before qwertyuiop makes another hypothesis 

that refers more directly to the current figures in the whiteboard: “an idea: Each cube is 

assigned to 3 edges. Then add the edges on the diagonalish face.” (1107). 137 expresses 

some confusion about the proposal (1109). In the ensuing interaction qwertyuiop clarifies 

his argument through a set of images copied in from his modeling software. The 

following segment shows how the group deals with the complexity of counting sticks in 

the 3D cube figure and how qwertyuiop coordinates the whiteboard and chat to make his 

case.  
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(a) (b) 

Figure 4-18. Illustrating how to count sides/sticks in a 3D cube structure. The green 
boxes in a and b are inserted as references from qwertyuiop’s chat messages. 

To clarify his proposal that “…Each cube is assigned to 3 edges…” qwertyuiop 

inserts a new image that depicts a rotation of the figure to show the Y axis (Figure 4-18a).  

After inserting the image qwertyuiop establishes it as a referent for the “3 edges” he 

refers to in his proposal, “see those 3 highlighted edges?” (1113). He uses the chat-to-

whiteboard reference tool to focus his comment (Figure 4-18a). qwertyuiop created the 

image with the edges in question colored red. He then explains how the highlighted edges 

are designed to show what to count for the cube at the “bottom corner” (1116). He 

confirms that the others are following along (Jason affirms, 137 does not). His next move 

is to insert another image with different edges highlighted in red (Figure 4-18b). This 

time he demonstrates how to count the edges of the other cubes (that are not at the 

bottom).  He posts, “Now I’ve highlighted the edges corresponding to the cube just above 

that one.” (1121). Jason affirms this explanation at line 1122. To make his case 

qwertyuiop has carefully sequenced the two images in Figure 4-18 to coincide with his 

proposed idea. The next move in this sequence is to shift focus to the opposite side of the 

cubed figure. To do this he inserts a new image that is rotated to show the front of the 
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figure. Here again, he has colored all but one of the edges red (Figure 4-19). He then 

posts, “you could assign each cube to 3 lines that way and get all the lines except these” 

(1123). The first part of the post is referring to the previous two images (Figure 4-18) 

while the second reference, “these,” refers to the image he just inserted showing the 

edges on the front of the figure (Figure 4-19). Embedded in qwertyuiop’s explanation at 

line 1123 is the strategy that he is breaking the problem into two different steps: one 

formula calculates the edges highlighted in Figure 4-18 while a second formula calculates 

the edges highlighted in Figure 4-19 (the “except these” part). This deconstruction 

appears to be understood by Jason (1132) however 137 is not as convinced when he asks, 

“which parts aren’t accounted for?” (1134). qwertyuiop explains that the unaccounted for 

edges are “highlighted in the current picture” (1135; Figure 4-19). 137 affirms the 

clarification. At this point qwertyuiop summarizes the current state of his proposal for 

counting edges (sticks/sides): “so the first part of the equation would be 3 times the 

number of cubes”; “I cn’t think how to get the other part, though.” (1146-1147). At this 

point the moderator has advised the group that the session will be concluding soon and 

that she would like to ask a few questions. The participants agree thus leaving the 

solution for calculating sides unfinished. In the next section I review the interaction 

observed in the four sessions illustrated above. 

 

Figure 4-19. Illustrating sides after rotation to front of the figure. 
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Table 4-12. Transcript t4.1 

ID Time Author Content REF 

1079 19:38:01 qwertyuiop Shall we do number of verticies now?  

1080 19:38:15 137 Number of edges?  

1081 19:38:17 Jason ok, the equation seems correct to me  

1082 19:38:37 Jason except, isnt it recursive  

1083 19:38:39 qwertyuiop yeah, that’s what i meant. sry 1080 

1084 19:38:44 Jason and there is no f(0)  

1085 19:38:56 Jason (if you plug in f=1)  

1086 19:39:41 137 f(0)=0?  

1087 19:39:57 Jason oh yeah, i forgot  

1088 19:39:59 Jason heh  

1089 19:41:05 qwertyuiop edges?  

1090 19:41:25 qwertyuiop or do we want to put that function in a different form?  

1091 19:41:35 Jason i think that form is good  

1092 19:41:49 Jason like we said earlier, recursiveness=easy to track pattern 
of growth 

 

1093 19:41:52 137 Wouldn’t this work? 1016 

1094 19:42:06 137 Each cube has 2 pointing each direction.  

1095 19:42:11 137 Wait.  

1096 19:42:13 137 4  

1097 19:42:28 qwertyuiop i think so 1093 

1098 19:43:38 qwertyuiop the overlap is different depending on wether the cube is 
on the outside of the shape or on the inside 

 

1099 19:43:48 137 ? 1098 

1100 19:43:57 137 Oh.  

1101 19:44:01 137 I see.  

1102 19:45:02 qwertyuiop Take the cube at the very top. 4 of its edges overlap with 
other cubes. Take the cube just below it. Only 1 of its 
edges doesn’t overlap with any other cube. 

1099 

1103 19:45:54 qwertyuiop that would stil have to acount for the overlap that way 1093 

1104 19:46:03 Jason so are you thinking about a function that first takes into 
account how many verticies there are total, including 
overlaps, and then subtracting how many overlaps there 
are based on another formula 
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Table 4-12 (Continued) Transcript t4.1 
ID Time Author Content REF 

1105 19:46:42 qwertyuiop or the sum of different formulas for cubes in 
different places 

1104 

1106 19:47:48 Jason that would work too I guess  

1107 19:48:21 qwertyuiop an idea: Each cube is assigned to 3 edges. Then 
add the edges on the diagonalish face. 

 

1108 19:48:44 qwertyuiop does that make sense?  
1109 19:48:58 137 Not really... 1105 
1110 19:49:13 qwertyuiop let me think how to explain it...  

1111 19:49:13 Jason well some would be the same 1109 

1112 19:51:36 qwertyuiop oops  

1112.1 19:52:14 qwertyuiop q has pasted in a third 3d image. With edges 
highlighted, AND he has used referencing tool 
to link to posting @1113. Representation of 
proposal @1107  

Figure 
4-18a 

1113 19:52:44 qwertyuiop see those 3 highlighted edges? WB 
1114 19:53:32 Jason yeah  

1115 19:53:37 Jason theyre in red  
1116 19:54:09 qwertyuiop those would be the edges assigned to that cube 

(the cube at the bottom corner) 
 

1117 19:54:15 qwertyuiop still make sense?  

1118 19:54:42 Jason so far, yesh  

1119 19:54:43 Jason yes*  

1120 19:55:13 qwertyuiop oops WB 

1120.1 19:55:26 qwertyuiop q has pasted in fourth 3d imgage with different 
edges highlighted in red 

Figure 
4-18b 

1121 19:56:06 qwertyuiop Now I’ve highlighted the edges corisponding to 
the cube just above that one. 

WB 

1122 19:56:52 Jason ok  
1122.1 19:57:56 qwertyuiop q has pasted in a fifth 3d image with the figure 

rotated to show the other lines not shown.  
Figure 
4-18c 

1123 19:57:59 qwertyuiop you could assign each cube to 3 lines that way 
and get all the lines except these 

 

1124 19:58:24 qwertyuiop you would need to add in a different equation for 
those 

 

1125 19:58:55 qwertyuiop all together it would account for overlap, as each 
cubes 3 lines doesn’t overlap with any other 

 

1126 19:59:30 137 ? 1123 
1127 19:59:32 qwertyuiop 137 and ssjnish?  
1128 19:59:53 Jason I think this makes sense  

1129 20:00:00 qwertyuiop the assigning or the “except these” part  
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Table 4-12 (Continued) Transcript t4.1 
ID Time Author Content REF 

1130 20:00:07 qwertyuiop ?  

1131 20:00:09 Jason at first i thought there was going to be some overlap in the 
front of the cube (this current view) 

 

1132 20:00:17 Jason i think i get it  

1133 20:00:33 qwertyuiop Which part doesn’t make sense? 1126 

1134 20:00:51 137 Which parts aren’t accounted for?  

1135 20:01:09 qwertyuiop the ones highlighted in the current picture  

1136 20:01:15 137 THe red?  

1137 20:01:18 qwertyuiop yes  

1138 20:01:23 137 Oh.  

1139 20:01:28 137 Howbout the yellow?  

1140 20:01:44 qwertyuiop that was a mistake. It should be red.  

1141 20:01:44 ssjnish i g2g  

1142 20:01:46 ssjnish bye  

1144 20:01:49 qwertyuiop bye  

1145 20:01:59 137 Oh.  

1146 20:02:49 qwertyuiop so the first part of the equation would be 3 times the 
number of cubes 

 

1147 20:03:12 qwertyuiop I cn’t think how to get the other part, though.  

 

REVIEW OF INTERACTIONAL PRACTICES 

The work of the VMT participants is strongly characterized by a stepwise 

procedure that is instantiated and invoked to solve numerous geometric problems over the 

course of four online sessions. The contingency between the interactional sequence and 

the emergence of distinct representational practices is demonstrated through inscriptional 

activity in the whiteboard and through appropriation of the chat tool. Across the four 

sessions analyzed the team is able to jointly develop agreed-upon solutions to relatively 

complex geometric problems by building on their established interactional and 
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representational practices for coping with a range of representational problems related to 

the requisite precision and relational properties of geometric patterns. Most telling in this 

regard is the group’s fluid treatment of the problem of three dimensional cube structures 

attempted in their final session. In that session, one team member inserts ready-made 

graphical objects from his personal computer into the whiteboard in order to carry out a 

carefully sequenced demonstration of his proposed solution. In his demonstration he is 

able to align elements of the problem to components of the group’s now established 

procedure. The group member deploys a practice in which the necessary referents are 

taken-as-shared. The other members’ uptake of the demonstration sequence shows how 

they orient to specific features of the inserted graphical objects and align their interaction 

to those features (including referents) in situation-relevant ways.  

Sequential analysis of the final session by itself would be sufficient to illustrate 

the indexical properties of the interaction. There is certainly adequate evidence to support 

potential claims about how the action affordances of the collaborative technology are 

appropriated to mediate the intersubjective meaning making demonstrated by the team 

(Suthers, 2006a). The major concern of this study, however, is the development of 

technology mediated representational practices and how they emerge and endure between 

situated settings. The dataset includes three prior sessions of geometric problem solving 

by Team C that took place in the same online environment. The artifacts and chat 

histories, too, remained available to participants as they proceeded from one session to 

the next. Access to this extended temporal stream enabled the investigation of how, if at 

all, the practices observed in the final session could be traced back through the entire 

dataset.  

Detailed investigation of all four sessions illustrates that the participants do 

indeed instantiate and maintain consistent, mutually elaborative, interaction and 
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representational practices for handling the varied geometric problems they encountered. 

The analysis also exposes how the ConcertChat environment mediated and provided 

conditions for these practices to develop as a resource for participants’ joint meaning 

making. The following section reviews, elaborates, and consolidates the findings 

demonstrated by the above interaction analysis of the Virtual Math Team sessions.  

Interactional Practices 

Problem Decomposition Practice 

Hershkowitz, Arcavi, and Bruckheimer (2001) referred to the category of math 

problems of the kind addressed in the VMT sessions as the “matchstick problem” and 

noted its applicability to many different levels of mathematics competency. They noted 

how problems of this sort invoke diverse strategies for counting, observation, and pattern 

finding. A distinct problem solving practice is indeed discernable in the VMT 

participants’ interactions. One way to describe this practice is to frame it as an instance of 

a hypothetico-deductive method. The prerequisite for applying this method is to establish 

the identity of independent and dependent variables from which change in the former 

may or may not influence change in the latter. Thus, variability in the independent and 

dependent variables can be monitored to deduce a correlation through processes of 

proving or disproving hypotheses based on observation. On close examination it is 

reasonable to assert that this method, although not necessarily intended, is implicit in the 

VMT instructions. The instruction page (Figure 4-3) provides the prerequisite 

independent variable (N = number of rows) and three sets of initial values for the 

dependent variables (number of squares and number of sticks). VMT participants are 

directed to “fill in” the missing values of the table then determine the formula that 

represents the correlation between N and the number of sticks and squares. Of course the 
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participants themselves do not refer to or are advised to apply the so-named hypothetico-

deductive method in their activity. The construct is only raised here to provide a 

vocabulary for discussing the methods of sequential organization actually deployed by 

the team members and illuminated in the investigation. 

The hypothetico-deductive sequential interaction pattern characterized by the 

analysis of all four sessions is the stepwise organization of problem solving demonstrated 

by the group’s activity in the chat window and in the whiteboard. The pattern is ordered 

as follows:  

(1) identify the independent variable N (levels, rows, side length, or height),  

(2) calculate/observe the dependent variable (squares, triangles, or cubes) for 

each N,  

(3) calculate/observe the dependent variable (sides, overlaps, edges, or vertices, 

or collinear sides) for each N  

I will refer to this sequential structure generally as problem decomposition. The structure 

is defined by a break down of a problem into smaller components that are handled in a 

stepwise manner. As early as session 1, in their joint telling to ssjnish, the VMT group 

was able to explicitly recognize this sequence in their own work as a shared strategy for 

reaching a solution.  

In session 2, the diamond problem, the group invokes the problem decomposition 

practice, but this time with a new member, qwertyuiop.  They are also faced with 

negotiating step 1 more extensively than in session 1. In session 1 the problem 

parameters were specified in the instructions. In session 2, it is not as clear on what 

dimension the diamond pattern can be expanded. Thus, determining the independent 

variable N (step 1) was attempted but required additional negotiation before a consensus 
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could be established.  This negotiation also prompted the participants to appropriate the 

action affordances of the whiteboard to meet their efforts at clarification and referencing.  

In session 3, the hexagonal grid problem, the participants continue to invoke the 

practice of problem decomposition. As with the diamond problem, the enactment of the 

practice requires additional negotiation, as the group must establish the necessary unit for 

N to advance through the stepwise procedure.  The first two steps, find N then count 

triangles (not squares), are accomplished with relative efficiency. The transition to 

counting the number of sticks, however, presented a problem that required multiple 

exchanges of inscriptions and chat messages particularly between 137 and qwertyuiop. 

The root of the problem laid in the group’s ability to agree on how the array of triangles 

is to be decomposed to account for edges shared by adjacent triangles (“overlaps” in the 

vernacular of the group). qwertyuiop introduced the term “collinear sides” to refer to this 

problem. Perhaps unfamiliarity with this term made it difficult for 137 to effectively 

locate the concept as a property of the hexagon grid. Thus, the extended negotiation about 

where the collinear sides are and how they are to be measured required multiple turns in 

chat and a flurry of edits to the whiteboard objects. Once the referent for collinear sides is 

established, however, 137 is able to issue an interpretation that affirms qwertyuiop’s 

proposal and a mathematical notation is quickly formulated. 

By the time of session 4, the group’s activity is highly regulated by their problem 

decomposition practice. After the group decided to work on a three dimensional staircase 

figure, the organization and stability of the activity proceeded as observed in prior 

sessions without variation. Transitions between the steps of the procedure provide further 

evidence of the centrality of this practice for the group’s interactional management and 

also provide useful focal points for assessing representational practices.  
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Transitions  

An important mechanism for identifying the practice of problem decomposition is 

locating where participants make a transitional move between steps (Jordan & 

Henderson, 1995; Robinson & Stivers, 2001). The subsequent actions that are contingent 

on such a move provide evidence of how participants orient to the stepwise procedure 

they are attempting to maintain. The findings also suggest that a transition move – a 

transition sequence - invokes and prompts for distributed action across the media (c.f., 

Robinson & Stivers, 2001). Analytically identifying the boundaries and transitions 

between the three steps is determined by a close monitoring of chat messages and how 

the messages are co-organized with the graphical objects in the whiteboard. For example, 

finding the number of rows is initiated by davidcyl when he creates three inscriptions in 

the whiteboard and refers to them in a chat message as “n=4,5,6” at the beginning of 

session 1. This move sets off a sequence of negotiation and counter hypotheses that result 

in an agreed upon solution for the formula for generating squares for a staircase 

geometric figure.  

Continuing in session 1, the transition to handling step 3 (counting sides/sticks) is 

more subtle but not unnoticed by the group members. As shown in the analysis, 137 

initiates this transition by posting a message that couples a prior formula with a formula 

that handles “overlaps”. 137 first introduces the term “overlaps” but its precise referent is 

not readily accessible. On the next turn, however, davidcyl takes up 137’s post as a 

transition by coupling an inscriptional correspondence to 137’s “overlaps” when he 

draws five circles over the horizontal lines (not squares) in one of the existing drawings 

from Figure 4-4. The ensuing negotiation about whether they are counting squares or 

sticks suggests that the transition to counting sticks was not completely established for 

137 and Jason (coordinating transitions between steps is an issue that will arise again in 
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later sessions). What is notable in this instance is that the group members are oriented 

towards maintaining a procedural order for their activity. Sequential positioning of the 

inscriptions within this order is evident when davidcyl establishes an inscriptional couplet 

to 137’s transition to counting sticks.  

In the recursion problem (episode 2-1 in session 2), 137 uses the whiteboard to 

signify a transition from counting squares to sticks (or “overlaps”). In the diamond 

problem, transitions became problematic when qwertyuiop advanced to counting sticks 

while 137 was working on an inscription to support the calculation of the number of 

squares. The misalignment and subsequent reconciliation of the concurrent activities 

evidences how the practice itself is established as an indexical resource for participants. 

137 and qwertyuiop were both able to locate each other’s respective position in the 

sequence of steps.  

In summary, the interactional management of transitions demonstrated by the 

VMT participants amplified the contingency of actions across the interaction 

environment. In particular, transitions from step 2 to step 3 (counting sticks) proved to 

require precise coordination and negotiation both in the chat window and the whiteboard. 

This is the case in sessions 1 through 3. In session 4, however, the participants’ 

management and subsequent handling of step 3 proved to be relatively unproblematic 

with regard to consensus on referents. This could be because the cube problem was a 

variant of the staircase problem for which the group had previously worked out. That is, 

the deconstruction of the cube geometric figure did not require nor invoke extended 

negotiation when the transition to counting sticks was initiated by qwertyuiop. An 

alternate explanation suggests that the group had developed stable representational 

practices for adequately handling (inscribing and interpreting) the issue of overlaps that 

had previously taxed their efforts for establishing referents (e.g., the hexagonal problem 
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from session 3). In either case, analysis of how the group members interactionally 

manage transitions is shown to be a rich source of information about how they orient to 

and sustain their interactional practice in the setting. We will reference these pivot 

sequences further as we turn to the discussion of representational practices. 

Representational Practices 

The definition of representational practice adopted in this study is that it is a 

sequentially organized set of actions for manipulating, constructing, and reflecting upon 

inscriptions of some relevance to a collaborating group of individuals. The preceding 

discussion of problem decomposition as an interactional practice laid the groundwork for 

contextualizing the representational practices observed in the VMT group’s work over 

four sessions. Following the format above, we will make another pass over the analysis, 

this time taking note of the representational practices that were observed.  

Visualize Series 

The first representational practice observed is what will be nominally referred to 

as visualize series. This practice was observed in all four session to support the task of 

representing the independent variable N (step 1) as described in the preceding section. In 

session 1, davidcyl not only produces the geometric figures for the staircase problem but 

he also provides a spatial arrangement of them that embeds a strategy for testing 

consecutive values of N. The series of figures packages together the necessary graphical 

elements and problem-solving strategy into a composite resource as davidcyl’s 

inscription was shown to support steps 1 and 2 in the group’s nascent problem 

decomposition practice.  

Visualize series is observed in session 2 as well. In that session 137 produces a set 

of diamond shapes that shows the expansion of N (Figure 4-12c,d). The value of N and 
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where it is indicated in the diamond shape is established (see layering below) prior to 

laying out the series (Figure 4-12a). However, as we noticed, 137 and Jason expressed 

questions about how the diamond formula worked. There is inadequate evidence to claim 

that the formula presented for diamonds is evaluated against the series of figures drawn 

by 137. Participants were not explicit about this evaluation in the chat or whiteboard. 

However, it is reasonable to suggest that 137’s purpose for constructing the series was to 

“test” the formula for different values of N much like what was done in session 1 with the 

staircase figure (Figure 4-4).  

The visualize series practice was invoked in session 3, although not quite at the 

extent observed in the other sessions. In that session, the group broke down a hexagonal 

grid into a smaller set of triangles. Treating a triangle as a subunit of a hexagon, the 

group is able to establish an apparatus for determining the parameters for their 

decomposition practice. For example, once triangles are shown to be a symmetrical 

subunit of a hexagon, the group is able to determine the input variable N as relative to the 

side length of one edge of a triangle (in Figure 4-15 N would be 5). With this visual and 

conceptual apparatus they could extrapolate a calculation further without necessarily 

redrawing the entire hexagonal grid. 

Visualize series is adopted in session 4 to organize both the identification of the 

variable N as well as to provide an adequate semiotic reference for determining values for 

the cubes. In the analysis of session 4, Jason’s admission that he could not “visualize” the 

expansion of N is met with qwertyuiop’s innovative (and rather quick) appropriation of a 

modeling tool not available in the shared environment. The rendered images advanced 

the problem activity rather quickly as the group is able to efficiently establish a 

relationship between two expansions of N and the number of cubes in the geometric 

figure (Figure 4-17). 
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Layering 

I will refer to the second representational practice as layering. The repurposing of 

existing inscriptions upon which new inscriptions are created indicates a form of 

layering. In session 1, layering was adopted by davidcyl to signify the sticks as a distinct 

graphical element. He repurposes a prior geometric figure to indicate a smaller 

subcomponent by encircling the horizontal lines between “rows” of the staircase figure. 

This inscriptional move aligns with his uptake of 137’s transitional move from counting 

squares to counting sticks. 

In session 2, the layering practice is observed in three instances. In episode 2-1 

137 takes up the practice of highlighting “overlaps” introduced by davidcyl in session 1. 

He repurposes the inscriptions from the prior session (still visible in the whiteboard) by 

encircling the horizontal and vertical lines (Figure 4-7; Figure 4-8). The signification of 

the circles is also performed for the same purpose as that in session 1 - to transition to 

counting sides.  

Second, as the activity shifted to the diamond problem, 137 demonstrated a 

variant of the layering practice by using color to distinguish a subcomponent of the 

diamond figure that he referred to as “side length” (Figure 4-10). 137 makes this move to 

provide clarification about his proposed solution. The issue at hand was the extension of 

the diamond figure on N dimensions. 137 highlights the segment that he proposed as the 

value of N. Third, 137 once again uses color to distinguish subcomponents of the 

diamond shape. He colors a portion of a diamond shape blue in order to illustrate two 

portions of the figure that correspond to his mathematical notation for counting squares 

(Figure 4-11; see lines 450 in Table 4-5 and 494 in Table 4-6). 

In session 3 the practice of layering to differentiate the components of the 

problem is the primary inscriptional mechanism adopted by qwertyuiop and 137 during 
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their negotiation for counting sticks in a hexagonal grid. The analysis showed how the 

group invoked numerous rounds of coordination in order to resolve the referent for 

qwertyuiop’s use of the term “collinear sides.” The practice of layering was deployed 

extensively as a discursive practice to (1) make proposals, (2) request clarification, (3) 

meet requests for clarification, and (4) demonstrate alignment with prior actions.  

The layering practice observed in session 3 is a variant of what was noticed in 

prior sessions. In session 1, encircling existing figures were sufficient for indexing the 

problem of counting sides. In session 2, coloring components of existing figures was 

appropriated for establishing a unit of measurement for N. Here, in session 3, color was 

readopted along with the use of the line tool to precisely delineate a complexly structured 

geometric figure. This observation suggests that layering supports a common function in 

the sessions up to this point. It provides a mechanism for repurposing existing 

inscriptions in ways that are relevant and meaningful to the group’s interactional 

organization. This also suggests that the methods of layering are sufficiently flexible to 

handle similar but structurally different geometric problem constraints. The function of 

the group’s layering practice is further evidenced in the next and final session.  

The representational practice of layering is demonstrated in session 4 in a slightly 

different way. For example, qwertyuiop highlighted the edges of the figures in red to 

show how to subdivide the problem into smaller sets. It is notable here that qwertyuiop 

adopts the layering practice using a tool not available to the others. He prepares his 

graphical objects including components for edges using a tool installed on his computer 

(not in the ConcertChat environment). This shows that, by this point in the group’s work, 

the role of the highlighted lines as a referent for sticks, overlaps, or edges is an 

established convention for handling that aspect of their geometry inquiries. Furthermore, 

the highlighted portions of the images signify a distinct phase of the activity – to 
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calculate sticks. Thus, qwertyuiop’s annotation of the figure is taken as relevant both for 

signifying overlaps as well as positioning the action within the sequential organization of 

the activity. These representational and interactional practices have been calibrated over 

the course of the four sessions and multiple problem solving activities. Taking the 

practices discussed here as a structural background, I present an analysis of the action 

affordances appropriated by the participants during the sessions of interaction. 

APPROPRIATING ACTION AFFORDANCES  

Mutability refers to our ability to modify our environment. In our face-to-face 

settings these abilities and how they are realized are for the most part transparent. In 

technology-mediated settings however, how we conduct our interaction is acutely 

sensitive to the degree at which the medium enables access to and control of our range of 

communicative facilities. The analysis up to this point has been focused on a detailed 

presentation of the sequential organization of the participants’ work in the ConcertChat 

environment. In this section I consider the established media affordances within those 

projected actions by summarizing the ways in which the environment supported the 

appropriation of affordances for mutability (Dwyer, 2007). The purpose of this section is 

to take inventory of the actions supported by the ConcertChat tools and features. I focus 

on three categories of support for mutability: (1) construction of graphical objects (2) 

manipulation of graphical objects, and (3) constructing references. 

Admittedly, it is a slippery slope to specify categories of events and patterns from 

courses of action that are, by their nature, highly relational and mutually elaborated. In 

this regard we can rely on the engineered environment to provide some footing for 

categorization and description of observations. 
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Construction of graphical objects  

ConcertChat provides a standard set of tools for constructing graphical objects in 

the whiteboard. The smallest syntactical unit is the line. In the VMT interactions, lines 

were drawn to construct/depict geometric patterns and figures. Lines were also used in 

layering practices to form deictic references, subdivide large geometric figures, and make 

(discursive) points of emphasis. Lines could be drawn straight or curved, in different 

colors and thicknesses. All of these properties were appropriated in the observed 

interactions at varying points and for varying purposes. Extending from the facilities for 

producing graphical objects are the affordances for manipulating them once constructed. 

Manipulation of graphical objects 

  The ConcertChat application stores whiteboard inscriptions as objects. These 

objects, much like characters in strings, can be selected, copied, dragged, pasted, erased, 

and colored. Individual lines can be handled as well as composite geometric objects such 

as squares, triangles, and hexagonal arrays. The participants appropriated these 

manipulation tools in dynamic ways. For example, davidcyl’s spatial manipulation of 

three geometric figures to layout a series of values for N “rows” of steps in session 1. 

Reuse of graphic objects by dragging or copying and pasting from unused figures was a 

common technique employed by 137 in sessions 2 and 3. Coloring existing figures was 

used in three out of the four sessions. In session 3, colors and line thickness were coopted 

by 137 and qwertyuiop to advance through a highly visual negotiation of collinear sides. 

Visual and Linguistic Referencing 

An innovative design of the ConcertChat environment is its provision for visual 

referencing from chat messages to (1) graphical objects in the whiteboard and (2) 

previous messages in the chat window (e.g., Figure 4-1c,d). The participants appear to 
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use these tools relatively frequently in sequencing their interactions. In addition, the 

participants use linguistic references to refer to both whiteboard objects and chat 

messages. Below is an example sequence taken from session 3 in which the group is 

attempting to make sense of qwertyuiop’s notion of collinear sides and how his proposal 

aligns with the problem decomposition practice (see short exchange highlighted in Figure 

4-20). Towards the end of the segment qwertyuiop uses the whiteboard referencing tool 

to address the others’ uncertainty about his proposal. In addition, the segment shows 

participants utilizing five references to previous chat messages as well as linguistic 

references to whiteboard objects (e.g., “The blue and green/orange lines make…”). A 

closer investigation of how they appropriated the referencing tool and produced linguistic 

references within their interaction is presented next. 

 

Figure 4-20. Example use of visual and linguistic referencing from the chat window. 
Screen image has been modified for readability. 
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Referencing graphical objects: The chat-to-whiteboard referencing tool was used 

primarily to highlight elements of a graphical object in the whiteboard of immediate 

concern in the activity. Participants typically highlighted an object to express associations 

with an idea, a mathematical notation, or to indicate an object to focus on. These actions 

are akin to pointing and gesturing at a shared field of reference. Figure 4-20 illustrates 

how qwertyuiop used the graphical reference tool to highlight the geometric figure he is 

referencing in his chat message in order to clarify a point of negotiation about his math 

proposal. 

Referencing messages: Chat-to-chat graphical references were multidimensional. First, 

by design, referencing a chat message was used to manage and maintain interactional 

coherence and limit chat confusion (Herring, 1999). Figure 4-21 shows Jason coupling 

his post to a prior message from qwertyuiop. His reference to the prior message bypasses 

nine posts and approximately three minutes during which the topic was concerned with 

how to use the whiteboard tools. Notice how Jason is addressing 137’s concerns but then 

shifts to addressing qwertyuiop’s posting about the problem at hand. He appropriates the 

reference tool to explicitly couple his post to a post in the immediate past. 
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Figure 4-21. Jason responds to qwertyuiop by referencing a post located approximately 3 
minutes prior.  

Referencing math notations: For obvious reasons, the chat tool played a substantial role 

in mediating the participant’s interactional coherence. However, one pattern of 

appropriation of the chat tool worth noting is the integration of symbolic math notations 

and discourse (Cakır et al., 2009). The participants routinely list formulas, notations, and 

equations in their chat messages. These messages, once specified, take on roles as 

inscriptions for future reference. Much like the geometric figures in the whiteboard, chat 

messages containing notations resemble and function more like conceptual objects than 

they do conversational turn units. The VMT participants’ chat interaction has a mix of the 

two functions.  
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The VMT participants appropriate the chat tool as a medium of impression for 

notations and not solely as a medium for conversation. At various points in the entire 

history of the group’s work then, the line between the two modalities, visual and textual, 

is blurred. At times, the chat window is appropriated as an inscriptional device for storing 

and later referencing notations. A closer inspection of what is being referenced tells us 

that the use of the reference tool to visually link to prior messages supports the 

participants practice of referencing prior formulas and other mathematical notations in 

courses of action. To get a better sense of how the chat tool was appropriated to reference 

and store math notations I initiated an analysis of the chat log to see how often the chat-

referencing tool was used across all four sessions. The chat log stores which message is 

referenced by a message posting (c.f., the REF column in the transcript tables above). 

The log also stores when participants reference whiteboard objects from the chat window 

(e.g., Figure 4-20). This analysis yielded the following results.  

Table 4-13 illustrates how the chat tool was appropriated by the participants for 

storing and referencing math notations within chat messages. It also shows how many 

and how often they used the reference tool to index whiteboard objects. It is important to 

note that the table represents the frequency of use of the referencing tool and is not 

intended to imply that referential practices did not occur through other devices and 

sequential structures. It is provided to give a broad sense of how routinely the chat 

reference tool was used.  The ratio given in line 3 indicates that the reference tool was 

used, on average, once every five message postings. Messages containing math notations 

occur once every 15 messages (line 9). Line 8 represents the total number of messages in 

the log that I marked as containing math notations. Lines 6 and 7 illustrate the number of 

messages in which the referent (destination) for a chat message link contains a math 

notation (line 6). Line 7 is a subset of line 6 and indicates where both the referent 
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(destination) and the referencing message (source) contain mathematical notations (c.f., 

Figure 4-22). Math notation pairs are unique in that they dramatically illustrate the 

participants appropriation of the chat window as an inscriptional medium. 

 

Table 4-13. How participants used the chat referencing tool 

1 Total number of chat messages 1202 
 Using the chat reference tool 

2 Total number of references 248 
3 Ratio of chat-to-chat message references to all postings (248/1202) 1/5 

4 Number of chat-to-chat message references (e.g., Figure 4-21) 229 

5 Number of chat-to-whiteboard references (e.g., Figure 4-20) 19 

 References to messages containing math notations 

6 Total number of chat-to-chat referents with math notation 56 

7 Number of math notation pairs (e.g., Figure 4-22) 19 

 All chat messages 

8 Total number of chat messages containing math notation 79 

9 Ratio of math notation postings to all postings  1/15 

 

 

 

 

Figure 4-22. Example of a math notation pair. 
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Extending temporal frames: Participants were observed at times to indicate a graphical 

reference from a chat message to a prior chat message well beyond the immediate 

temporal frame. On two occasions, session 2 and session 3, participants linked back to 

mathematical formulas spanning approximately 150 posts and 40 minutes. And, on both 

occasions the purpose of the linking was to retrieve a formula for posting in the 

whiteboard and/or the wiki. Based on an informal test by the analyst, references spanning 

more than 20 posts required scrolling before the reference target was visible. Thus, 

linking back more than 20 posts indicates an explicit appropriation of the chat window as 

a resource for accessing an extended history of notations. 

Linguistic referencing: Participants also included linguistic references in their chat 

messages to refer to graphical objects by name (e.g. “rotated square”), mathematical 

notations and strategies by name (e.g., “the ‘each polygon corrisponds to 2 sides’ thing”). 

Another form of linguistic referencing was observed when participants merged 

mathematical notations and graphical inscriptions as a composite referent. For example, 

Figure 4-23 shows qwertyuiop creating multiple referents: one is the visual link to the 

expression he is elaborating and the other is a linguistic reference to properties of an 

object in the whiteboard. 

 

 

qwertyuiop:   using your previous method: 
                      SideLenght^2 + (SideLength- 
                      1)^2 
qwertyuiop:   does that work? 
qwertyuiop:   the part in front of the plus is             
                      the large, rotatewd 45 square  
                      and the part after it is the 
                      smaller, not  rotated squared       

Figure 4-23. qwertyuiop links an elaboration to a previous notation and includes a 
description of a graphical object in whiteboard (not shown). Panel on right is shown for 
readability. 
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Chat messages containing notations occupy roles similar to the visual referents in 

the whiteboard. This is to be expected. The discourse of the setting is concerned with 

coming up with formalized expressions and notations for observed geometric patterns. 

However, understanding the subtle appropriation of the chat tool as a persistent 

inscriptional device in addition to the whiteboard helps us see the entire ConcertChat 

environment as a rich and flexible mutable surface.  

Observations of how the referencing tools were appropriated are considered 

further with regard to how referencing actions are sequentially relevant to the interaction. 

In the following excerpt from session 1 I illustrate how the participants appropriate the 

chat-to-chat referencing tool as they wrap up their solution to the diamond problem. 

Figure 4-24 is a modified segment from the log file (this segment is also listed in Table 

4-2 above). Lines have been drawn to show where participants created visual chat-to-

chat-references. The segment shows three aspects of the group’s referencing practices. 

These aspects are (a) turn management, (b) management of a problem decomposition 

sequence, and (c) indexing prior mathematical notations.   

There are six references shown in Figure 4-24. The lines marked 3 through 6 were 

used to explicitly manage turns (or adjacency pairs). For example, at line 78, 137 links to 

Jason’s post at line 75, bypassing two intermediate postings. In his post, 137 is 

responding to Jason’s suggestion to transition to counting squares. This, in turn, sets up a 

trouble spot as 137 and davidcyl both affirm that the formula for counting squares has 

already been worked out. 
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Figure 4-24. Chat-to-chat referencing tool in action. Gray boxes are messages linked by 
the reference tool. Diamond shapes indicate turn management. Circles indicate linked 
messages that contain math notations. 

davidcyl initiates a repair (line 81), by linking to the corresponding formula for 

counting squares which is located in a message 50 posts and approximately 8 minutes 

into the history of the chat window (reference line 1). He couples the phrase “look up” to 

indicate to Jason to scan back through the history. His link to a prior mathematical 
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notation is used to coordinate the problem solving practice – to index a phase of the 

activity that has already been achieved. It is unknown from the data whether or not Jason 

scrolls to the posting at line 29 (scrolling is likely required to go back that distance in the 

chat window) however his next posting at line 82 is a request for someone to place the 

formula (at line 29) into the whiteboard. davidcyl’s affirms this as he creates a text box in 

the whiteboard and inserts the formula (not shown in the Figure 4-24). 

The third aspect of visual referencing in the chat tool is the use of the chat 

postings as ordering mathematical notations (this is also evident in the repair discussed in 

the previous paragraph). For example, at reference line 2 davidcyl links back to his own 

posting at line 61 in order to illustrate how he derived his simplified expression (at line 

72). He follows this simplification by providing confirmation that he agrees with Jason’s 

formula (line 73). This particular last exchange of formulas and coordination punctuates 

the mathematical problem solving preceding it.  

Review of Affordances for Mutability 

The preceding analysis of how the VMT participants appropriated the action 

affordances of the ConcertChat environment focused generally on how the users’ actions 

transformed the setting. There were three categories of transformation identified: 

construction of graphical objects in the whiteboard, manipulation of existing graphical 

objects, and methods for visual and linguistic referencing to various objects (graphical 

and notational) and concepts (e.g., “overlaps”) of the setting. The appropriation of the 

whiteboard for constructing and manipulating graphical objects is consistently 

demonstrated in the group’s interactions and is central to their interactional and 

representational practices. The analysis of how the referencing tools were appropriated, 

however, creates a richer picture of how participants create visual associations across the 
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entire setting (graphical, notational, linguistic). The analysis illustrated five kinds of 

referencing mediated by the chat tool: highlighting graphical objects in the whiteboard, 

referencing prior chat messages to maintain interactional coherence, referencing 

messages containing math notations, referencing extended temporal frames, and 

linguistic references to the whiteboard and prior problem solving strategies. Notable in 

these methods is the appropriation of the chat tool as an inscriptional device for storing 

and referencing mathematical notations during immediate interaction sequences and in 

more temporally extended contexts. In the following section I summarize the findings of 

the analyses presented in this chapter. 

SUMMARY 

Interactional and Representational Practice 

A well-defined interactional practice I referred to as problem decomposition was 

adopted and repeatedly invoked by the participants to structure their mathematical 

meaning making. This practice is identified as a three-phase sequence in which the 

participants first establish the necessary visual resources required to identify elements of 

the problem at hand. The second and third phases order a strategy for calculating two 

subunits of the geometric problem (e.g., “squares” then “sticks”). 

Participants adopted and invoked two representational practices - visualize series 

and layering - for supporting and mutually elaborating their interactional practice of 

problem decomposition.  

Participants appropriated three categories of affordances for mutability across the 

entire surface of the ConcertChat environment in support of both their representational 

and interactional practices. These affordances were identified in the participants’ 



 113 

construction and manipulation of graphical objects in the whiteboard and their 

multidimensional appropriation of the ConcertChat referencing tools. 

In the next chapter I elaborate further on these findings in order to bring into 

focus how the development of interactional and representational practices are mediated 

by persistent artifacts and technology affordances for mutability. 
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Chapter 5: Discussion 

INTERACTIONAL AND REPRESENTATIONAL PRACTICES 

Overall Structural Organization 

Over the course of four meetings within an online synchronous chat and 

whiteboard environment, the VMT participants collaborated and devised mathematical 

formulas for representing a number of different geometric patterns. The analysis of their 

interaction for each meeting showed that the participants established and maintained a 

consistent sequential structure for organizing their activity. This structure was referred to 

as a problem decomposition practice because it was repeatedly instantiated as a stepwise 

procedure for breaking down geometric problems into three discrete steps: (1) establish 

an independent variable N, (2) determine the number of geometric units at successive 

values of N then find, (3) the number of geometric subunits at successive values of N. 

This practice was algorithmic in nature.  An input value determined in step 1 was 

transformed into corresponding output values determined by steps 2 and 3. The crucial 

issue faced by participants and evidenced by how they managed and attended to their 

interaction was the application of this procedure to different geometric problems. For 

each problem the group closely monitored their alignment to their procedural method. 

Simply applying the algorithm, however, was not enough. The mathematical puzzles 

were not found in the application of a procedure but rather in the different relationships 

between the variables that were inherent to the different geometric shapes the group 

attempted to devise expressions for. Thus, the nature of the group’s meaning making was 

oriented towards creating, negotiating, and maintaining a shared apparatus for 

conducting observations and testing hypotheses about structural relations in different 

geometric figures (Roth, McRobbie, Lucas, & Boutonné, 1997). 
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The interactional practice referenced above is not an etic account of the observed 

activity. Rather, the participants themselves were explicit about their practice and were 

active in maintaining a shared awareness of where they were within the stepwise 

procedure. In this way, the practice of problem decomposition was established as an 

indexical resource for the group’s interactional organization.  This is most telling at 

transition points in the interaction sequence in which one member initiates a shift in the 

problem solving from one step to the next. For example, as early as session 1, 137 and 

davidcyl make an exchange of turns as they shift from step 2 to step 3 of the procedure: 

 
27 davidcyl basically it's 1+2+..+(n-1)+n for the  

number of squares in the nth pattern 
28 137  so n(n+1)/2 
29 davidcyl and we can use the gaussian sum to  

determine the sum: n(1+n)/2 
30 davidcyl 137 got it 
31 137  and 2(1+2+3...n-1) overlaps 
32 137  so n(n+1)/2-n(n-1)/2? 
33 davidcyl well to find the number of sticks: 
34 davidcyl let's look on the board 

 
 

Figure 5-1. Transition to step 2 taken up by davidcyl. 

At line 31 and 32 (Figure 5-1) 137 proposes a modification of an immediately 

prior expression (line 29). In particular, the modified equation a line 31 is appended with 

the term “overlaps.” davidcyl uptakes 137’s modification as a transition to counting 

sticks (line 33). At line 34 davidcyl shifts activity to the whiteboard where he encircles, 

over a geometric figure, what he interprets as “overlaps” (his drawing is shown on the 

right). davidcyl’s uptake of 137’s posting at line 31 is to produce new markings over the 

existing figures that had been drawn minutes before. Furthermore, davidcyl’s uptake 

transforms a mathematical proposal into a transition to a subsequent interaction sequence 
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(not shown in Figure 5-1) in which the participants deal directly with observing and 

testing 137’s mathematical notation against the existing series of figures.  

Robinson and Stivers’ (2001) analysis of sequence transitions in doctor-patient 

interactions illustrates a similar phenomena. Their studies illustrated how verbal and non-

verbal cues are appropriated as resources to signify transitions between particular phases 

of a medical examination (e.g., explaining the problem, getting a history, performing the 

exam). They also note how these so-called phase-structural resources are monitored and 

unified with the verbal and non-verbal actions of doctor and the patient. This is also noted 

in the VMT interactions. The participants demonstrate acute management of the 

interaction and how actions are organized with respect to a local overall structural 

organization (Robinson, 2013). The participants attend to each other’s actions in chat and 

in the whiteboard by monitoring the alignment between the actions and the particular 

component of the problem activity. As noted, this sequence is first observed in session 1 

but repeatedly invoked over the remaining activities.  

Transitions such as the one illustrated above were not unproblematic. The analysis 

of session 2, for example, showed how transitions were not always so elegantly 

orchestrated. In that episode, we noticed that qwertyuiop initiates a transition to counting 

sticks while Jason and especially 137 were not completely aware of the shift. The 

misalignment becomes exposed when 137’s explanation of a whiteboard drawing is not 

oriented to what the other two participants were discussing at the moment. Interestingly, 

the chat postings during this segment were not necessarily out of sequence (participants 

attended to each others actions) but out of band. There were two topics being addressed 

but the participants proceeded as though there were one. Locating and subsequently 

repairing the trouble elevated the problem decomposition practice to non-transparent 

status. That is, the practice itself surfaces as a target for qwertyuiop’s subsequent repair.  
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Representational Practices 

Besides their orientation to different elements of the procedure (e.g. “number of 

sticks”), the participants also provide indications of the contingency of the problem 

decomposition practice to graphical actions in the whiteboard. These actions are 

repeatedly invoked for similar purposes and were identified in the analysis as 

representational practices – visualize series and layering.  

Examples of the practices of visualize series and layering are indicated in the 

short excerpt shown above. davidcyl had drawn a series of three staircase figures each 

one with an increasing step (or height). As given by the instructions, the number of 

“steps” was referred to as “N rows.” Thus, davidcyl’s initial series of figures created the 

apparatus for testing hypotheses about the number of squares at different values of N. 

This is what is resolved at lines 27 through 29 above. The visualization of a series of  

geometric objects to observe successive values of N is repeatedly invoked in each 

subsequent meeting. Also indicated in the excerpt above is that davidcyl establishes a 

practice of repurposing existing figures to solve different aspects of the problem. His 

encircling of the figures in response to 137’s posting about “overlaps” is the initial 

demonstration of layering as a representational practice for handling the problem of 

counting sticks (step 3 in the group’s problem decomposition practice). This practice is 

invoked in subsequent sessions, by different participants, but for similar purposes. Later 

in this chapter I reenlist these representational practices to discuss the implications of this 

analysis for the development of representational practices over time.  Before that 

however, I discuss more carefully the implications of the technology affordances that 

were appropriated to support the VMT group’s interactional and representational 

practices. 
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AFFORDANCES FOR MULTIPLE AND CONCURRENT SEQUENTIAL ORDERS 

Interactional practices invoked by the VMT participants are supported by specific 

appropriations of the chat/whiteboard features of the ConcertChat technology. In this 

section I review the affordances that were established by the participants and identified in 

the analysis. This is not necessarily an exhaustive inventory. Readers would likely be 

able to argue for additional appropriations at smaller or larger degrees of specificity. Here 

I wish to discuss those affordances that were relevant to the practices observed and 

outlined above. There are three categories of affordances appropriated by the participants. 

The first is the use of the whiteboard component to construct the graphical resources for 

the geometric problems attempted by the group. The second is the manipulation of 

graphic objects. The third category encompasses how the participants appropriated the 

referencing features of the ConcertChat application. Following this I present the notion of 

multiple sequential orders as way to elaborate more thoroughly the relation between the 

interaction observed in the data and the appropriation of the setting.  

In the last section I compare the practices observed in VMT Team C with those of 

another group participating in the same Spring Fest 2006 event. 

Constructing a visual apparatus for sequential action 

Our first consideration is the participants’ appropriation of the whiteboard tool for 

drawing diagrams and figures. The central affordance appropriated by the participants 

was the tool’s provisions for constructing and maintaining an apparatus for observing 

geometric patterns and testing mathematical proposals. Participants used many different 

features of the drawing tools for these purposes. They drew lines at various thicknesses 

and colors to indicate varied levels of detail. They constructed geometric shapes in one 

moment then overlaid new drawings over those in the next. They applied different colors 

to areas of previously composed figures. They drew non-geometric notations such as 
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directional arrows to index spatial locations within a geometric figure (e.g., session 3) 

and to specify vectors of calculation (e.g., session 4).  

The form of the drawings over the course of the activities was aligned with the 

group’s problem decomposition practice. Complete geometric figures were constructed to 

observe and calculate the number of squares (or triangles, or cubes) in a given pattern. 

These figures were then recalibrated to shift focus to the individual lines for counting 

sides, edges, or overlaps. During any one session, the state of the whiteboard reflected the 

stepwise progression of the group’s procedure. Drawings constructed for a particular step 

were progressively annotated and detailed while retaining the drawing’s original 

structure. This was particularly critical for supporting the group’s layering practice.  

Spatial reorganization of inscriptions was also consequential for the ordering of 

operations in the problem solving interactions. Participants routinely dragged graphical 

objects to different areas of the screen to indicate degrees of association to other objects. 

This was important for the visualize series practice. Finally, existing objects from prior 

sessions were sometimes pillaged and recycled to construct new geometric figures.  

Given the above, the use of the ConcertChat whiteboard was not very different 

from how a real whiteboard in a small meeting room might be utilized by a group. It 

supported the construction of conceptual objects (e.g., diamonds, cubes, and hexagons), it 

structured mutual orientation to a shared interactional space, it reflected a conceptual 

order between objects and the sequential order of their production, it could be coopted by 

multiple participants at the same time and/or in different “territories” (e.g., session 2), 

and it enabled the persistence of objects over time in a ‘network of activities’ (Suchman, 

1988). The virtual whiteboard however provided potential affordances that may not be as 

easily replicated or necessary in a face-to-face setting.  
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The affordances of the whiteboard established by the VMT participants were its 

action potentials for mutability and replication. Much like text, digital graphical objects 

could be erased, copy and pasted, relocated, redrawn, annotated with new drawings, and 

colored. Affordances for mutability supported the active revision of geometric forms and, 

more importantly, coincided with the active negotiation of the problem and/or solutions. 

The ready-at-hand tools for transforming graphical objects enabled the participants to 

enfold graphical actions into their sequentially organized interactions in relatively 

efficient ways. Replication of graphical objects was also commonly performed to quickly 

construct or to illustrate a pattern of growth for a geometric shape. The replication of 

graphical objects also contributed to participants’ ability to maintain structurally stable 

and symmetric geometric forms.  

While the relevance of Suchman’s observations of the use of whiteboards have 

remarkably endured over the years, the analysis of practices and affordances in the 

ConcertChat virtual environment allows additional considerations. Of the practices 

Suchman describes I consider (1) how the VMT participants appropriate the referencing 

tool for multiple purposes and (2) how they maintain multiple sequential orders. 

Referencing 

A crucial communicative device not available to the VMT participants was the 

use of gesture for referencing elements of the setting. Of course, in face-to-face 

interaction we manage our gestures and gaze to co-specify our speech with our material 

surroundings. This is especially warranted in interactions involving geometric problems 

that require high levels of precision and specificity.  

The coherent management of turns and turn-taking, too, is also a benefit of face-

to-face interaction. We wouldn’t consider conversations in which speakers talk over each 
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other a normative practice for worthwhile interaction. In conversation we carefully 

monitor and analyze the sequential production of utterances. Online synchronous chat 

environments, however, are susceptible to out of sequence postings. One can construct a 

response to a post while in the meantime other participants may have already posted. 

Thus, the production mechanism for communicating creates a management problem for 

participants. This problem is well known and often referred to as “chat confusion” 

(Pimentel, Fuks, & de Lucena, 2005). It is also well known that participants in online 

chat devise mechanisms for achieving and maintaining sequential coherence despite these 

side effects (Garcia & Baker Jacobs, 1999; Herring, 1999). The design of the 

ConcertChat tool addresses these concerns by enabling explicit features for referencing 

and selecting – visual referencing. It also driven by issues related directly to doing math 

in online settings.  

Stahl’s (2006b) identification of math proposal adjacency pairs in early studies of 

online math chat sessions indicated that problem solving practices were particularly 

sensitive to management of coherence. He noted how mathematical ideas or solutions 

followed a structure in which a participant first makes a conjecture, and that this initial 

conjecture is followed by a confirmation or disconfirmation from interlocutors. The 

proposal and its uptake by interlocutors are considered a type of adjacency pair (Sacks et 

al., 1974). The problem of chat confusion is a critical obstacle to establishing adjacency 

pairs and maintaining coherency related to specific elements of a proposal. Competing 

proposals may be introduced into the chat before one can indicate which proposal is 

being addressed. Thus, successful management of mathematical proposals was seen as a 

critical factor for productive interactions in chat tools for doing math.  

Stahl and colleagues’ early concerns about how learners might manage temporal 

and conceptual coherence in math related activity led to their adoption of the 
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ConcertChat environment in further VMT research. The referencing features 

implemented in chat were motivated in earlier studies of artifact mediated interaction 

environments, (Suthers, Girardeau, & Hundhausen, 2003; Mühlpfordt & Wessner, 

2005;). Thus, if we take the math proposal adjacency pair as a systemic profile of the 

conduct of collaborative math problem solving, then we can appreciate the centrality of 

referencing in the VMT participants’ interactions and how the designed tools mediate 

their deixis. The ConcertChat designers included specific features for supporting 

referencing to enrich deictic mechanisms in the technology environment and to alleviate 

the problem of “chat confusion”. The designers intended to allow chat users to make 

explicit visual references from the chat window to the whiteboard and from one chat 

message to a prior chat message (Mühlpfordt & Wessner, 2005). I referred to these two 

functional categories in the analysis as chat-to-whiteboard and chat-to-chat references 

respectively (Figure 5-2). The participants appropriated the affordances for referencing in 

the following ways: 

 

1. referencing graphical objects  

2. referencing messages 

3. referencing math notations 

4. extending temporal frames 

5. linguistic referencing 

 

In summary, the multi-faceted nature for making references exposes how the 

participants appropriate the ConcertChat tool as a collective set of integrated resources. 

The expanded use of the referencing tool indicates that the dichotomy between visual and 

textual is not as easily partitioned as one might imagine. The ConcertChat environment 
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provides a cartographic surface - a conceptual and material infrastructure for positioning 

and producing relevant actions over time (Goodwin, 2011).  

 

 

 

Figure 5-2. Referencing graphical objects and prior chat messages 

 

Affordances for Sequential Organization 

The construction of graphical objects as sequentially organized events transcends 

the turn coordination that would occur if three participants were standing in front of a 
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physical whiteboard. I am going to argue here that the VMT participants leveraged 

simultaneous access to the whiteboard in order to construct the visual apparatus for 

building coherent talk (Suchman, 1988). Sequential constraints are different for white 

board actions. The appropriation of the whiteboard reflected an alignment to the problem 

decomposition strategy whereas the chat was appropriated to manage a smaller 

granularity of turns at talk. For example, in the all four sessions analyzed, the successive 

transformation of a drawing reflected a phase of the problem solving strategy while the 

chat was appropriated to handle turn management and coordination. Yet, the participants’ 

practices for referencing indicate that the chat tool was coopted at times to manage the 

problem solving strategy and sequence mathematical notations. This suggests a false 

dichotomy with respect to the purposing of graphical and textual modalities. One could 

attempt to neatly attribute actions to each media and to subsequently base claims about 

the affordances of each. However, the evidence provided by a sequential interaction 

analysis presents an opportunity to consider a more integrative position - that chat and 

graphical actions are components of a unified field of interaction. Within this field are 

three discernable differences in how the participants establish affordances with the 

designed environment. These differences are keyed to three orders of sequential 

organization observed in the analysis and now elaborated: (1) turn-taking, (2) problem 

scheduling (Heritage, 2004), and (3) inscription sequencing.  

Turn-taking Organization 

Turn-taking sequences are ubiquitous. They are observable when participants 

establish alignments over sequences of action.  They are the fundamental mechanism 

through which participants establish and maintain courses of interaction. In the VMT 

dataset, affordances for turn taking include temporal/visual adjacency pairs such as one 



 125 

message posting immediately addressing a prior message. When postings appear out of 

sequence, participants appropriated the linking tool to construct visual adjacency. Turn 

taking occurs in between chat and graphical media as well. This is evident when 

participants address each other's request or action (in chat) by constructing and or 

modifying a graphical object (e.g., Figure 5-1 above). Math proposal adjacency pairs are 

identifiable within this sequential order (Stahl, 2006b). For example, in session 3, we 

observed 137 sequencing math notations and drawings to demonstrate his uptake of 

qwertyuiop’s formulation for counting sides of triangles. Figure 5-3 illustrates this 

particular short sequence in which 137 threads linguistic references, notations in chat 

messages, and drawings over an existing inscription (Figure 5-3; left side). The problem 

at hand was how to show indications for counting lines in a triangle. Up to this point, 

qwertyuiop had formulated a proposal. 137’s uptake of qwertyuiop’s idea is to construct a 

turn sequence demonstrating his understanding of the proposal. To do so, 137 leverages 

the existing drawings constructed moments before to elaborate his interpretation. The 

threading occurs as he posts a chat message (text box labeled 854 in Figure 5-3), then as a 

continuance, he completes the post by outlining the correspondence to the posting 

(Suthers et al., 2003; Suthers, 2006b). Immediately after, he repeats the same two-step 

move but this time outlines an outer structure of the hexagon (in pink). As illustrated in 

the analysis, 137’s move was a critical point for the group in establishing a solution for 

finding a pattern for the complex hexagonal array. The important point to make here is 

that even at the granularity of a turn sequence we can observe the tightly coupled 

integration of the participants representational practice for layering and visualize series 

and their handling of a locally established problem – determining the structural relation 

between subunits of a geometric figure. Here, we can notice 137 transpose his 

mathematical expression from a linguistic to a visual spatial modality in two successive 
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turns, demonstrating a form of multimodal transposition (Medina & Suthers, 2013b). 

Further, the two drawings 137 sequences are produced with respect to the third step of the 

problem decomposition practice (calculate number of sticks at N). Turn taking sequences 

are a key mechanism for managing higher order sequencing of the problem solving 

activity. This level of organization is discussed next. 

 

Figure 5-3. 137 threads chat postings and drawings to construct a sequence for 
interpreting qwertyuiop’s notion of collinear sides. Shaded areas show area drawn. 

Problem Scheduling 

The VMT analysis showed how participants established, monitored, and 

negotiated the relevance of action with respect to an agenda for solving geometric 

problems. Above, I referred to this as a problem decomposition practice. Participants 

organized their activity according to a three-phase sequence: Find N, calculate number of 

squares for N, calculate number of sticks for N. This was consistently observed across all 

four sessions. As discussed above, the strongest indicator for identifying this order is 

when participants transition between each phase. Chat postings were the most common 

mechanism through which they initiated a sequence transition. However, subsequent 

ratification (e.g., a consensus that the activity has shifted to the next step in the problem) 

137:
So then we add 12n for:

858

Episode 3-2

137:
Anyways, if we 
multiply the orange 
by 3, we get the:

854
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of a transition was often carried out through appropriations of the graphical referencing 

tool and whiteboard drawings. For example, this occurs when participants confirm not 

only a shift in the problem schedule but also the relevant graphical and mathematical 

resources required to address the newly initiated phase of activity. In session 3, the 

transition to counting sides of the hexagon coincided with participants layering different 

colored lines over the previously drawn hexagonal grid. Figure 5-4 highlights how the 

transition to counting sides is supported by the construction of graphical resources in 

alignment with the problem. 

 
742 qwertyuiop an idea: Find the number of a certain 

set of colinear sides (there are 3 sets) 
and multiply the result by 3 

 

746 137 As in those? 
746.1 137 draws two arrrows to index his 

request 
747 qwertyuiop no-in one triangle. I’ll draw it... 
748 qwertyuiop those 
749 qwertyuiop find those, and then multiply by 3 
749.1  137 and qwertyuiop both highlight 

colinear sides (SHOWN ON RIGHT) 

Figure 5-4. Aligning graphical resources to problem solving strategy (find number of 
sides at N). 

Management of problem scheduling involved more elaborate moves in the 

environment. For example, qwertyuiop’s repair sequence in session 2 (episode 2-2 and 

shown in Figure 5-5 below) highlights how he draws upon linguistic and visual 

referencing in chat to realign 137 with the problem of counting sticks (rather than 

squares). Thus, managing sequences and transitions for the problem schedule became as 

much an exercise in indexing the cartography of the screen as it was organizing turns in 

chat. The established affordances for constructing and referencing graphical objects 

enabled this kind of multidimensional access to their sequence organization. Reenlisting 
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Suchman’s observations, the objects in the whiteboard do retain their sequential order of 

production. The VMT participants leverage this affordance to build and navigate their 

problem schedules. The persistence of graphical objects in the whiteboard and in the chat 

window (e.g., math notations) extends this resource beyond the immediate problem 

solving activities. The analysis illustrated, in various instances, where the participants 

access resources that are anterior to the current problem-solving schedule. This sequential 

order is discussed next. 

 
505 qwertyuiop using your previous method: 

SideLenght^2 + (SideLength-1)^2 

 

506 qwertyuiop does that work? 
507 qwertyuiop the part in front of the plus is the 

large, rotatewd 45 square and the 
part after it is the smaller, not 
rotated squared 

Figure 5-5. qwertyuiop explains his strategy. 

Inscription Sequencing / Accessing Prior Interaction 

At the order of inscription sequencing participants were observed to establish 

indexicals to prior formulas and strategies. They accomplished this through visual and 

linguistic means. For example, on two occasions in sessions 2 and 3, qwertyuiop was 

observed referring to a prior strategy. Figure 5-6 illustrates that the referent for his 

phrases was an earlier moment in session 2 in which the group was discussing the issue 

of overlaps in the figure displayed in the whiteboard (see episode 2-1 in chapter 4). 

Posting 404 (Figure 5-6) is qwertyuiop's proposed strategy. Later, in posts 451 and 731 

he references this strategy in a different activity context but with similar issues. Posting 
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451 was made during the discussion of the diamond pattern (episode 2-2 in chapter 4) 

while posting 731 was made during the discussion of the hexagonal array problem 

(episode 3-1 in chapter 4). In both cases, qwertyuiop's proposals are made with respect to 

the issue of counting sticks or overlaps. Further, each posting (451 and 731) is positioned 

in the context of the ongoing interaction as making a contrast between the problem at 

hand and a reference to a prior similar situation.  

 

Figure 5-6. qwertyuiop referencing prior strategies using similar phrases. 

Visual referencing of prior inscriptions was observed when the participants linked 

a chat message to math notations posted in a prior message. A rather extreme example is 

in session 2 when qwertyuiop creates a chat link spanning 152 posts and Jason creates a 

chat link spanning 114 prior posts. As the group completed session 2, they began to 

collect the math formulas and the graphic figures they had developed. As directed by 

VMT staff, they did this as a way to share their problems and their solutions on a wiki 

accessible by the other teams participating in the Spring Fest 2006. It is in this gathering 

of materials that qwertyuiop and Jason expend the effort to locate the relevant formulas 

from the chat window (finding a single notation in a message list of over 150 posts 

certainly requires scrolling and searching). Figure 5-7 illustrates how the math notations 

(formulas) function as inscriptions that mobilize what was the result of a prior negotiated 

might be easier if you 
think of each square 
corisponding to 2 sides-
the right and bottom 
sides, and then add the 
upper left border

the "each square 
with 2 sides" thing 
doesn't work as 
neatly here

the "each polygon 
corrisponds to 2 
sides" thing we did 
last time doesn't 
work for triangles

404 451 731

Episode 2-1  Episode 2-2  Episode 3-1  
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activity (episode 2-2). That is, their solution, arrived at through turn taking and problem 

scheduling, is captured concisely in their mathematical notations. qwertyuiop's and 

Jason's retrieval brings that setting to the present and onward to a shared wiki 

(implications for this are discussed later). Posting 478 in Figure 5-7 is the arrived at 

solution for counting the number of sides in a diamond figure. Posting 505 is the solution 

for counting squares. 

Figure 5-7. Jason and qwertyuiop link prior notations from an earlier point in session 2. 

Explanations that attempt to illustrate the integration of multiple media in the 

accomplishment of joint meaning making in the ConcertChat environment are consistent 

with prior studies of the VMT Spring Fest dataset and related Math Forum projects 

(Stahl, 2009). Closest to the analysis and observations presented here is the work of Cakir 

et al (2009). They studied Team C’s work in session 3 in exquisite detail. Their analysis 

illustrates how the participants adopted the environment for constructing a shared and 

richly mediated deictic field. They observe, as do I, that the integration of narrative, 

symbolic, and graphical modalities is central to the participants’ appropriation of the 

technology for joint meaning making. Their choice to focus on session 3 is highly 

warranted. The distribution of action across the three media in that session is an 

exemplary demonstration of the implications of semiotic rich technology for complex 

qwertyuiop:
is this it?

630
qwertyuiop:
i think NumberOfSides=
NumberOfSquares*2+SideLength*3-2

478

qwertyuiop:
using your previous method:
SideLenght^2 + (SideLength-1)^2

505
Jason:
sidelength^2 + (sidelength-1)^2

619

linked

linked

40 mins
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problem solving activities. The longitudinal analysis of the entire data set (all four 

sessions) presented in the current study, however, elaborates these findings to show that 

the integration of multiple media in interaction supports not only the building up of a 

semiotic rich indexical field but also the formation and maintenance of multiple 

sequential orders.  

DEVELOPMENT OF REPRESENTATIONAL PRACTICES 

One of the key ideas noted in chapter 2 is that the appropriation and production of 

inscriptions promotes the repurposing of ideas and strategies across successive situated 

activities (Roth, 1994). Hence, our operational indicator for identifying representational 

practices is this process - strategies for constructing, manipulating, and reflecting upon 

inscriptions. In this section I discuss two major themes observed in this analysis with 

regard to the enduring character of the VMT participants’ interactional and 

representational practices: the repurposing of inscriptions and the repurposing of 

strategies. 

Cascading Inscriptions: From Instructions to 3d Cubes 

The analysis in chapter 4 spanned four sessions of work by the VMT participants. 

Within this span we observed the construction of numerous different but related 

geometric figures. The representational practices identified, layering and visualize series, 

contributed to the enduring character of these inscriptions and the interaction that 

produced them. By session 4, for example, Jason and 137 demonstrate agreement with 

qwertyuiop’s successive inclusion of copy and pasted images of geometric cubes. Each 

image was annotated in a specific way such that the relevance of the annotation did not 

require extended negotiation. A review of the sessions from 1 to session 4 reveals an 

important link stretching all the way back to the instructions page (Figure 4-3). In that 
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page are listed an example staircase figure, an incomplete table of values, and a set of 

step-by-step instructions. davidcyl’s initial staircase drawings in the whiteboard in 

session 1 essentially repurposes the figures and their serial organization (e.g., there are 

three staircase figures shown to illustrate the pattern of growth). The instructions are an 

inscription containing an indication of a strategy (devised in a distant time and place) that 

is now being repurposed in an online environment by davidcyl. In turn, the interactional 

and representational practices initially deployed in session 1 essentially bootstrapped the 

development of the participants’ subsequent practices considered at length in this 

investigation.  

Inscriptions become representations through their successive repurposing over 

time and through the range of representational practices they mediate (Medina & Suthers, 

2013b). The availability of persistent inscriptions, then, is of value on two counts: 1) the 

content of prior artifacts are a semiotic resource for subsequent interactions, and 2) the 

internal structure of inscriptions supports the formation and sustainability of 

representational practices.  

In the first sense, we see the participants establish and repurpose graphemes to 

construct successive inscriptions while addressing five different (but related) problems 

(Roth, 1994). Graphemes serve as syntactic units for constructing a range of different but 

structurally similar geometric figures. For example, ‘sticks’ and ‘squares’ are graphemes 

that are used and reused in multiple problems. In session 3 ‘sticks’ are reenlisted to form 

triangles and in session 4 ‘squares’ are repurposed to construct cubes.  

Roth notes how the mobility of graphemes in his study was a noteworthy 

condition of having a chalkboard available for recording the students’ sketches and 

diagrams from previous work. His analysis and ours shows how access to prior 

inscriptions and the repurposing of semiotic elements are resources that are leveraged by 
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learners to address situation-relevant challenges while also contributing to their practices 

for meaning making. Roth maintains, as do we, that graphemes are content-free in the 

sense that they do not correspond to any particular concept in isolation. Instead, 

graphemes are brought into coordination with other resources (semiotic, embodied, and 

material) in the setting to produce meaning (Enyedy, 2005; Goodwin, 1994). These 

compositions are calibrated in consistent ways across different problem situations. The 

graphemes discussed above are invariant with regard to their role in participant-

constructed inscriptions. However, the situative meanings established by composed 

inscriptions are defined by manipulation of a number of parameters that are relevant to 

the mathematical problem solving of the participants. In this analysis graphemes (sticks 

and squares) were manipulated differently in order to handle different geometric 

inquiries.  

On these grounds, the results are consistent with Meira (1995) who invokes Hall’s 

(1990) notion of representational niche as a representational system that contains 

“variable slots” that can be specified and/or rearranged to address a particular problem. 

This view is also consistent with Hall’s thinking on how resources are repurposed in 

successive situated activity (Hall, 1996). In other words, various resources in a setting are 

invariant while others become configurable, mutable, inspectable, and arguable. The 

configuration and reconfiguration and manipulation of graphemes by our participants 

were consistently oriented towards manipulations of the structure of inscriptions in order 

to do computation and analysis necessary for counting and pattern searching. Thus, stick 

and square inscriptions illustrate a representational niche in which the variant is the 

spatial relation between graphemes. That is, in order to address a particular problem, our 

participants manipulate the visual-spatial relationships in the inscriptions (graphemes) in 

order to address the situation at hand. In this way, the establishment of a representational 
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niche and the integration of graphemes indicate a level of regularity with regard to how 

and in what contexts inscriptions are put to use over time. The identification of these 

practices also allows a horizontal comparison to practices in other groups using the same 

environment during the same time period (Zimmerman, 1999). In the following section I 

compare the representational practices identified in the Team C data with those identified 

in other cohorts participating in the Spring Fest 2006 project. 

COMPARING PRACTICES TO VMT TEAM B 

The Spring Fest 2006 project included three teams (A, B, C). The team B cohort 

consisted of three participants (bwang, Quicksilver, and Aznx) and one moderator. Like 

team C, team B met on four separate occasions over the duration of the project. Both 

teams were given the same instructions on the first meeting (Figure 4-3) and, were 

encouraged to develop subsequent problems of their choosing.  

Interaction analysis of VMT Team B indicated similar findings to that discussed 

in the current study (Medina & Suthers, 2013a). That analysis identified two interactional 

practices and two representational practices in team B’s interaction over three sessions. 

This section discusses team B’s practices and makes comparisons and contrasts to the 

practices identified in the present study. Table 5-1 lists the practices identified in each 

analysis. 

A problem decomposition practice was consistently observed across both data 

sets. Both teams organized their activity by following a particular strategy – to iteratively 

solve smaller components of geometric patterns. In team B, an additional interactional 

practice referred to as inscribe-first-solve-second was identified. This practice was a 

consistently observed strategy in which one of the participants would initiate a problem 
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solving activity by first constructing a drawing. Subsequent interaction was then oriented 

to the drawing as an axis of negotiation.  

 

 

 

 
 

 

(a)  

Team B: Visualize decomposition 

(b)  

Team C: Visualize series 

(c)  

Team C: Layering 

Figure 5-8. Representational practices support problem decomposition. 

Another similarity between the two groups is their development of 

representational practices for making certain strategies for problem decomposition 

visually explicit (Figure 5-8). The practices are similar in function but distinct in their 

form. The function underlying these practices in both cases is to establish graphemes for 

aiding in the identification and computability of patterns in the figures. The design of 

these inscriptions, however, is distinct. Two representational practices were identified in 

the team B dataset – visualize decomposition and modulate perspective. These practices 

were consistently invoked over the course of the three sessions analyzed. The visualize 

decomposition practice was observed when participants constructed and arranged 

drawings to illustrate specific ways in which a geometric figure could be structurally 

decomposed (Figure 5-8a). That is, the particular form of the drawings typically provided 

a visual indication of the different ways a figure could be separated into countable parts. 
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This representational technique began in session 1 and was repeatedly invoked in 

subsequent problem solving activities.  

The practice of visualize decomposition is most similar to the layering practice 

observed in the team C data (Figure 5-8c). Both representational practices are deployed to 

demonstrate the components of geometric figures that are relevant to the problem of 

counting sides, sticks, and squares. Layering entails a specific repurposing of existing 

inscriptions whereas visualize decomposition entailed specific construction of figures to 

indicate how they could be separated.   

Lastly, team B participants developed a representational practice we termed 

modulate perspective, to indicate different ways to perceive a particular drawing or 

problem. This practice was most pronounced in session 2 of their meeting in which the 

viewing angle at which participants interpreted a drawing was consequential to how the 

problem was to be solved. A similar action was observed in session 4 of team C’s activity 

(Figure 5-9). 

In summary, Medina and Suthers (2013a) observed that the inscribe-first-solve-

second practice in team B’s activity served as an organizing mechanism for specific kinds 

of representational practices established over the course of the participants’ sessions. In 

this sense, inscribe-first-solve-second is in many ways similar in function to the problem 

decomposition identified in team C’s data. Both mechanisms resituate the setting and 

project the next sequence of actions. That both teams appear to regulate their interaction 

by providing a sequential structure for establishing representational practices is a 

significant common characteristic between the two corpora. Another interesting 

commonality is the nearly identical set of graphemes established in both data sets. 

Observations of how each group appropriated affordances did not differ significantly. 
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Table 5-1 illustrates the practices, affordances for mutability, referencing, and graphemes 

identified in each corpus. 

 

  

(a) Team B: Modulate perspective practice (pyramid “side view” to “top view”) 

 

  

(b) Team C: A form of modulate perspective practice (“front” to “back”) 

Figure 5-9. Modulate perspective in both team B and C. 

 

Table 5-1. Interactional and representational practices in teams B and C 

 Team B  Team C 
interactional practices problem decomposition, 

inscribe first solve second 
problem decomposition 

representational practices modulate perspective, 
visualize decomposition 

visualize series, layering 

affordances for mutability construction, manipulation construction, manipulation 
referencing whiteboard and chat whiteboard and chat 
graphemes Sides, sticks, squares, cubes Sides, sticks, squares, cubes, 

triangles 
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TEAM B “MEETS” TEAM C 

One of the stipulations of the Spring Fest 2006 project was that each team shares 

their work from each session on a wiki available to the other teams. Team C made one 

such posting at the conclusion of session 2. During that session, team C had worked on 

the diamond problem and subsequently posted a diagram and a number of formulas as 

well as a brief description of their strategy. Figure 5-10b shows the wiki posting made by 

team C. Later, in session 3, team B locates the posting in the wiki and proceeds to 

consider it further. Medina and Suthers (2013a) provided a detailed analysis of team B's 

subsequent work with team C's artifact. In the following I situate team B’s appropriation 

of the artifact as part of a historical trace of inscriptions beginning from session 1.  

Reading top to bottom, Figure 5-10a illustrates that team B and C appropriate the 

instructions provided at the onset of the Spring Fest 2006 project. From this point, both 

groups work within their own ConcertChat sessions for the duration of the project. Team 

C’s interactions and practices were detailed in chapter 4 while team B’s work, as noted 

above, was similarly analyzed (and also discussed above) in Medina and Suthers (2013a). 

Next, Figure 5-10b illustrates the event, in session 2, in which team C posts their 

equations, a diagram, and a brief explanation about the diamond problem to the VMT 

wiki. Lastly, in session 3, team B appropriates team C’s diamond inscription (available to 

them through the wiki) and devises an alternative strategy for solving the diamond 

problem (Figure 5-10c; Table 5-2). There are a number of issues worth noting in this 

distribution of inscriptions that illuminates the relevance of inscriptions and 

representational practices at a more extended temporal scale than a single group’s 

activity, a single episode, and/or turn exchange. Moving interpretation to the scale of all 

four sessions and across groups allows some generalizations to be made.  To do this, I 

will focus on the properties of the network of interactions (e.g. all four sessions) rather 
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than the properties of the sequential organization of activity in situated interactions. In 

turn, this will afford some discussion of the network of technology mediated interactions 

as a cognitive system of people, artifacts, and tools (Hollan, Hutchins, & Kirsh, 2000). I 

want to stress, however, that moving to a new level of interpretation is warranted by 

adequately constructed accounts of participants’ activity context (Williams, 2006). In this 

sense, I am taking a bottom-up approach by transitioning from microethnography, 

(Streeck & Mehus, 2005), to patterns of appropriation and mediation over time. 

VMT as a Distributed Cognition System 

The theory of distributed cognition is based on an expansion of a cognitive unit of the 

analysis to include individual as well as social and material resources (Hutchins, 1995). 

Cognition processes occur in our brains, in our construction and manipulation of artifacts 

and inscriptions, in our environment, and in our interactions with others. Because of this, 

distributed cognition is usually studied in the context of socio-technical systems. For 

example, the bridge of a large ship or an airline cockpit is a unit of analysis in distributed 

cognition. These systems are, at once, cognitive systems that are structured by the 

practices and sociocultural history of the setting as well the individual cognitions and 

actions of its members. Cognitive processes within these systems are characterized in 

distributed cognition as: 

 
• Cognitive processes may be distributed across the members of a social group. 

• Cognitive processes may involve coordination between internal and external 

(material or environmental) structure. 

• Processes may be distributed through time in such a way that the products of 

earlier events can transform the nature of later events. (Hollan et al., 2000, p. 176) 
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 Figure 5-10. Tracing a diamond inscription. (a) Both teams appropriate instructional 
inscription (b) team C posts their diamond problem to the wiki (c) team B appropriates 
inscription. 

Session 1

Session 2

We also found formulas for a 
diamond-like arangement of the 
squares:

sides:
(n^2+(n-1)^2)*2+n*3-2
squares:
n^2+(n-1)^2

By "sides" we mean the three squares 
a side of the diamond is comprised of.

Session 1

Session 3

Diamond Inscription

First Inscription

TEAM C

(a) (a)

(b)

(c)

TEAM B

Practices



 141 

These characteristics map seemingly well to the interaction analysis of the VMT 

teams discussed in this chapter. Much of the interactions between the members of team C 

can be interpreted as cognitive processes. We can take the act of transitioning between 

steps of the problem solving practice (e.g., compute the number of sides at N) as 

characterizing the VMT setting as a distributed cognitive system. For example, the 

practice of layering introduced by davidcyl in session 1 represents a cognitive process for 

computing the number of “overlaps” in a geometric figure. This process is distributed 

across a pair of math notations in the chat window and an existing figure in the 

whiteboard (see Figure 5-1). These structures and the associated user actions by davidcyl 

and 137 are examples of a form of external reasoning in which individual internal 

structures (inaccessible to us) are coordinated with shared external resources (the chat 

window and whiteboard) to perform the task. The shared notation and drawing are 

constituents of a shared cognitive event. If we step further along team C’s timeline, we 

can certainly begin to see how early cognitive events and processes (e.g., computing 

overlaps) permeate later events. Team C’s layering practices observed in session 3 

provide an instance that illustrates this. Team C struggled, in session 3, to come to a 

consensus on how to graphically and conceptually align qwertyuiop’s “collinear sides” 

with a previously constructed hexagonal grid. In that episode, after extended trial and 

error, 137 constructs a turn sequence in which he produces two math notations in the chat 

window and two graphical inscriptions layered over the hexagonal grid in order to 

express his interpretation and conception of the problem (Figure 5-3). Here, the layering 

practice can be interpreted as a public cognitive act for computing the number of 

collinear sides (or “overlaps”). Layering is a form of action-as-cognition because it 

illustrates that external cognitive processes in a distributed cognition unit of analysis are 

dynamic, adaptable, and polymorphic (Alac & Hutchins, 2004). The layering practice 
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established in session 1 was adapted to and coordinated with the parameters of the 

problem in session 3. A similar interpretation can be made with regard to the 

development of the visualize series practice which, was also established early and 

successively recalibrated and adapted across the other sessions.  

The above observations are consistent with recent views on how the lens of 

distributed cognition theory can be refocused to account for how cognitive processes 

emerge and develop in learning settings where much of the system is yet to be explored, 

discovered, negotiated, and manipulated (Schwartz & Martin, 2006; White & Pea, 2011). 

In the next section I consider the role of learner-constructed inscriptions as distributed 

cognitive representations (or processes). I address the question of how persistent 

inscriptions might bootstrap the development and sustainability of a distributed cognition 

system.  

Inscriptions as Distributed Cognitive Processes 

Figure 5-10a illustrates the centrality of the VMT instructions page as an 

inscription. As noted above, both team B and C appropriated the instructions in distinct 

ways while also exhibiting similar patterns (e.g., their use of graphemes). The issue I 

want to focus on now is the organization of that instruction page. First, despite 

observations of different practices within each team, the instruction page provided the 

initial external cognitive process for each group to appropriate, then adapt, reshape, and 

refine in their activity. Close examination of the instructions as an inscription reveals that 

the instructions provided three related representations that suggest a cognitive process. At 

the top left is the arrangement of three geometric units (Figure 5-10a). On the right is a 

table for representing corresponding values for each geometric unit different input 

variables. Lastly, on the bottom, is a narrative describing a procedure that ties the table 
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and geometric figures together as a resource for computing patterns. Each team 

appropriated these instructions differently. Team B focused first on deconstructing one 

figure into two parts (e.g., Figure 5-8a). Team C focused first on the expansion of N, 

thereby closely following the arrangement of three figures in the instructions (Figure 

5-8b). The point here is that both groups appropriated the same inscription in diverse 

ways. Further, as demonstrated in the analysis in chapter 4, the initial appropriation and 

establishment of representational practices at this early stage were successively built 

upon in subsequent problems sessions. Each group transformed cognitive processes inlaid 

in the instructions to produce a locally relevant set of external cognitive resources 

(representational niches can also be identified in this way [(Hall, 1990)]). Yet, there were 

commonalities. As discussed above, the appropriation of graphemes from the instructions 

were consistent in both groups. That is, both groups developed their own external 

structures for manipulating and organizing a common set of primitives within their 

practices. Team B’s appropriation of the diamond inscription from the VMT wiki, 

however, relates a story of convergence. 

Team B appropriates team C’s inscription as a cognitive resource, one they can 

somewhat recognize but don’t have the necessary information to completely recover the 

strategy. Table 5-2 shows the discussion occurring in team B’s chat room during the 

moments in which they find and appropriate team C’s diamond inscription. Team B’s 

work is to first reproduce the graphical figure in their own (mutable) environment before 

reconstructing its logic. At line 896 Aznx has drawn the diamond and now asks the 

relevant question for most of the problems they have encountered: “How would you grow 

this pattern?” Aznx and Quicksilver discuss whether or not the diagram tessellates. At 

line 906 Aznx demonstrates to Quicksilver which portion grows by drawing a line across 

the upper right corner of the diagram. 
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Table 5-2. Team B’s session log after accessing team C’s inscription 

882 Quicksilver How did team C get its formula for the diamonds? 
883 Quicksilver How do we access that?  
884 Aznx Well, let’s look at their problem.  
885 bwang open browser 

 
Aznx draws a 
reproduction of the 
original. 

886 bwang and click on the link 
887 Quicksilver oh nevrmind 
888 Quicksilver i got it 
889 bwang ok 
890 Aznx Wait, I think I messed up. 
891 bwang their problem is indeed interesting 
892 Quicksilver yes 
893 Aznx lol, it looks horrible 
894 bwang lol  
895 Aznx Ok 
896 Aznx How would you grow this pattern?  
897 Aznx Like a 144essellation?  
898 Quicksilver No 

 
Aznx modifies figure as 
shown. 

899 Quicksilver It doesn’t tesselate 
900 Aznx Actually it does 
901 Quicksilver How? 
902 Aznx Hold on 
903 Quicksilver color the portion 
904 Quicksilver Besides, It grows in all directions 
905 Aznx But it fits 
906 Aznx You can do it on your own scratch 

piece of paper =P  
907 bwang ok  
908 bwang lets think about the equatin  
909 bwang equation  
910 Quicksilver yes  
911 bwang how did they derive it  
912 Aznx There’s the formula  
913 bwang (n^2+(n-1)^2)*2+n*3-2  
914 bwang n^2+(n-1)^2  
915 Aznx The 3n has to do with the growing outer layer of the pattern I think.  
916 Quicksilver the sides and squares  
917 Aznx Right.  
918 Aznx There.  
919 Aznx I have an interesting way to look at this problem.  
920 Quicksilver Tell us  
921 Aznx Can you see how it fits inside a quare?  
922 bwang yes  
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Table 5-2. (Continued) Log file from Team B’s session after appropriating Team C’s 
inscription. 
923 Quicksilver Yes  
924 bwang oh  
925 bwang yes  
926 Quicksilver You are sayingthe extra spaces…  
927 Aznx Also, do you see if you add up the missing areas  
928 Quicksilver Yes…  
929 Quicksilver they look similar to the original figures  
930 Quicksilver figure  
931 Aznx It is equivalent in size to the small circle in the pattern  
932 Quicksilver Small circle?  
933 Aznx The only part you would be missing out 

are the four squares 

 
bwang contructs new 
diagram based on strategy 
discussed. 

934 Aznx on the outer areas of this square 
935 Aznx Doi you guys get what I mean? 
936 bwang yes 
937 Quicksilver Show what u mean on the witeboard 
938 Quicksilver i dont get it 
939 Aznx bwang you show him 
940 Aznx since you get it 
941 bwang we just have to find the whole square 

and minus the four corners 

 

This action correlates to the appropriated diamond inscription where the top right corner 

is shaded green (Figure 5-10). Team C’s strategy in session 2 identified the top right 

corner as a side length for a diamond. The shaded green squares represent this cognitive 

process but team B does cannot apprehend this directly. Instead, the inscription along 

with the equations in team C’s wiki posting provide a structure on which team B 

juxtaposes their local practices in order to produce an alternative solution to the diamond 

problem. In another sense, the affordances of team C’s inscription were appropriated by 

team B to organize and adapt their own external cognitive processes. At line 941 (in 

Table 5-2) bwang completes a diagram that essentially integrates elements of team C’s 

strategy (count corners) but shows the diamond as part of square. He colors the corners 

red to visualize the decomposition of a square as a diamond. Visualize decomposition 
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was an enduring practice in team B’s work prior to session 3 and represents the group’s 

own external cognitive process now dynamically adapted to traces of team C’s cognitive 

process. 

In this section I conceptualized the VMT activities as a system of cognitive 

processes distributed across individual, intra-group, and inter-group interactions and 

inscriptions. One significant observation to make here is that the representational 

practices observed through careful analysis of activities provides a strong warrant for 

considering more encompassing models of technology mediated learning such as 

distributed cognition. Future theoretical work remains in developing stronger evidence 

that representational practices are commensurate with external cognitive processes that 

participate functionally and relationally to the socio-technical systems in which they 

develop and flourish.  

SUMMARY 

Strategies for Organizing Joint Meaning Making 

The interactional and representational practices identified in the analysis are 

mutually elaborative. Representational practices align with specific components of the 

participants’ problem decomposition sequence. The notion of speech exchange systems 

(turn-taking structures) was raised in chapter 2 to suggest that the interactional 

management of turns and the organization of activity may adhere to systematic 

parameters (Jefferson, 1988; Nguyen, 2008).  These parameters are contingent on a 

context established by the physical and discursive elements of the setting. The problem 

decomposition practice established by the VMT participants demonstrates a kind of 

organization in which categories of talk and whiteboard actions are acted upon as fitting a 

particular situation while also projecting next actions across subsequent turns (Sacks, 
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1992). In this sense, both the construction of graphical inscriptions and chat messages 

participate in projected turns at talk (Streeck & Kallmeyer, 2001).  

Part of what defines a representational practice is its alignment to discursive 

practices. Participants do not randomly construct graphical figures or produce 

mathematical notations that are anterior to the local organization of interaction. Rather, 

the construction of graphical and mathematical objects is positioned as a discursive 

resource for the participants’ meaning making. Participants also are not simply applying 

the rules of organization and categorization. In this sense, representational practices 

embody endogenous methods for socially negotiated interpretations of the world 

(Enyedy, 2005; Michael Lynch & Woolgar, 1988).  

The production and role of inscriptions in the VMT participants’ practices cannot 

be understated. Our earlier working definition of inscriptions is that they constitute a 

package of markings and/or text that have a key set of properties: inscriptions are 

impressed upon a medium (paper, stone, wood, computer screens), they persist, they are 

immutable, and they can mobilize across space and time. Inscriptions have a role in local 

circumstances, for example, to maintain a visual apparatus for collaborative meaning 

making. Their influence is also temporally extended such that their role in subsequent 

contexts can be reestablished or reformulated altogether. Latour’s (1990) theorizing 

captured this sense of inscriptions; however, as Suchman (1988) observes, the mobility 

and influence of inscriptions cannot be fully understood without considering how local 

practices make use of and integrate the resources inlayed in inscriptions from other times 

and places. Inscriptions endure over time; however, their procedural consequentiality 

remains a localized, situation relevant affair (Schegloff, 1991). The VMT participants’ 

math work over four days of meetings evidences these situation-relevant practices and 

how they aligned with the production of a visual apparatus for meaning making.  
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The ConcertChat environment provides a multidimensional surface – a conceptual 

and material landscape for producing relevant actions. The affordances established by the 

participants included the precise and detailed construction and manipulation of graphical 

objects as well as mechanisms to visually refer to past and present elements of their work. 

These appropriated affordances of the medium were not simply established to make 

illustrations. Considering the multifaceted organization of interaction shown in this 

analysis, graphical actions were components of a distinct discursive practice managed 

and maintained by participants. This suggests that multimodal mediated environments 

have the potential to support rich forms of meaning making by providing affordances for 

mutability to extend across multiple available media.  

Affordances for mutability are also implicated in the development of 

representational practices. This also modifies the sense in which inscriptions are viewed 

as immutable in the first place. With adequate resources for affordances for mutability, 

inscriptions take on more significance if they are modifiable and adaptable in the setting. 

The analysis illustrates this most clearly in the participants’ layering practice. The 

layering practice observed in Team C’s work was shown to be a consistently adopted 

technique for indicating the group’s recurrent challenge for representing and calculating 

“overlaps.” Through all four sessions, the ability to modify but not obscure geometric 

units was central for the group in establishing consensus on where the overlaps were and 

how they related to the outer geometric structure in which they were embedded. The 

layering technique leveraged existing inscriptions to construct finer grained resources for 

devising algebraic formulas. As mundane and expected as this may appear to be, it was a 

notable interactional accomplishment by the participants to resituate and reconfigure their 

interactional medium in the consistent and productive manner in which they did.  
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Chapter 6: Conclusion 

The interaction analysis of the VMT participants’ work over four separate 

meetings shed light on three major concerns of this investigation.  

OVERVIEW 

RQ 1: How are inscriptional media appropriated in interactional practices? 

The analysis identified a central interactional structure invoked by participants to 

handle a number of different but related mathematical problems. I referred to this 

sequential structure as problem decomposition. Closely aligned with this practice were 

two representational practices - visualize series and layering. Analysis of these practices 

yielded further distinct insights on the how group members appropriated the graphical 

and textual media to support their meaning making activity.  

 

RQ 2: How are observed practices aligned with the appropriation of technology 

affordances for mutability? 

The second concern of this study was to understand the relation between the 

interactional and representational practices observed and the degree of mutability 

afforded by the technology tools. Results indicate that the interactional practices were 

heavily contingent on the participants’ ability to construct, manipulate, and repurpose 

whiteboard objects. Further, these practices interweaved transformations of existing 

graphical objects with chat postings and visual referencing. 

 

RQ 3: How do interactional practices influence successive situated activity in 

semiotic rich technology mediated environments and support the development of 

representational practices? 
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The investigation illustrated a number of ways in which the technology 

environment supported the development of representational practices. First, through its 

provisions for storing, retrieving, and referencing persistent artifacts, the technology 

supported the development of practices over time, across settings, and between people. 

This analysis illustrated that the participants were able to develop and maintain consistent 

practices by repurposing prior inscriptions and prior strategies throughout the four days 

of meetings. More specifically, the analysis suggested that persistent inscriptions 

influence the development of the representational practices through appropriated 

affordances for graphemes and the establishment of a representational niche (Roth, 1994; 

Hall, 1996; Meira, 1995).  

CONTRIBUTIONS 

Practice-based Studies of Technology-Enhanced Learning 

The current study contributes to a growing body of practice-based research on 

technology-mediated meaning making processes by highlighting the consequentiality of 

multimodal interaction environments. The study of representational practices will 

continue to be an important form of ongoing assessment and understanding of designed 

environments and their support for joint meaning making in an expanding range of 

technologies and domains of interest. The analysis reported here adds to our 

understanding of how small groups appropriate and develop mediated practices for 

mathematical problem solving. Aspects of these findings, however, can be instructive for 

understanding mediated interaction in other domains learning subject areas such as 

second language learning (Gonzalez-Lloret & Medina, 2013). 

Too often the distribution of information artifacts and their presumed uptake 

through discursive media is viewed as an adequate mechanism for subject matter 
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appropriation. What is largely under-recognized in technology mediated learning 

environments is that learners benefit through processes of socially negotiated 

reconstruction and transformation of information. Those processes are amplified when 

modulations can be made across multiple media (Medina & Suthers, 2013b; Peeters, 

2010). The current study illustrated how the study of representational practices is useful 

for exposing the significance of adequate opportunities to appropriate and transform 

artifacts across modalities and media. The VMT participants repeatedly engaged in 

transpositions of meaning, for example, between match notations and visual spatial 

figures. A second aspect of representational practice is that they have adequate time to 

emerge and develop. 

Prior studies of collaborative learning in classroom settings have demonstrated the 

critical alignment between the development of targeted subject competencies and the 

development of representational practices. These studies collectively indicate that 

achieving this alignment is contingent on interaction trajectories over time, between 

participants, and across multiple situations. Developing joint meaning making practices 

allows learners to build up repertoires of reasoning in specific subject domains and in 

social interaction with others (Cobb, 2002; Meira, 1995; Roth & McGinn, 1998). These 

repertoires are important because their very formation is a significant learning 

accomplishment (diSessa et al., 1991). Once established, these practices can be 

referenced and continually revised, refined, and elaborated. Hence, given sufficient 

temporal, social, and material resources, learners will leverage their locally established 

practices to handle local epistemologically and culturally (e.g., to a specific learning 

community) relevant problems (Enyedy, 2005). The studies referenced above 

consistently note how persistent objects and other mediating technology supports and 

regulates how learners build upon prior practices. For example, consistent access to 
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statistical graphs and graphing tools in Cobb (2001) enabled students to develop 

increased competency at reasoning and connecting graphs to data. In Enyedy’s study, the 

reconstruction of geographic features in a map provided a persistent structure through 

which the students developed representational practices for mapping height to a two 

dimensional space. Roth’s work in particular showed how diagrams left on a chalkboard 

were appropriated and repurposed in the learner’s subsequent interactions on related 

problems. Roth provides a further specification that learners appropriate and repurpose 

properties of inscriptions he referred to as graphemes. This scenario was also observed in 

the VMT setting analyzed here. 

Graphemes function as syntactic units for aligning particular forms of drawing to 

particular problem solving practices. The formation of graphemes is not preordained. The 

view taken in this investigation is that graphemes, although a stable and repurposed 

resource, do not necessarily generalize across all technology mediated settings and/or 

technologies. For geometric problems, graphemes are likely to be similar in function. 

However in other domains, such as engineering or architecture or sociology, different 

kinds of graphemes will be established to meet the functional requirements of the setting 

(broadly construed). The key observation to consider from the VMT studies is that the 

establishment and repurposing of graphemes is one indicator how and in what sense 

participants develop representational practices. Tying this to the technology setting of 

interest in the current study, I argue that the appropriation of graphemes was contingent 

on affordances for constructing, manipulating, accessing, revising, and resituating 

graphical primitives.  

Another indicator of representational practice observed in this study is how the 

participants established a representational niche for handling different but related 

geometric problems (Hall, 1996; Meira, 1995). I invoke this concept as a way to 
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characterize the collection of interactional and representational practices observed in the 

data. A niche, then, resembles a repertoire of methods and techniques that align with a 

particular setting. In the case of VMT interactions, there were three technology 

affordances appropriated for establishing and evidencing a representational niche. 

 

a) affordances for explicit/visual referencing across spatial and temporal 

elements of the setting. 

b) affordances for mediating multiple sequential orders 

c) availability and access to persistent artifacts over time. 

 

In summary, CSCL technologies support the development of representational 

practices by providing multiple modalities for interaction, affordances for establishing 

associations between elements of the environment, access to current and prior states of 

objects, and prior traces of activity. In addition, the identification of graphemes suggests 

that they may be a useful analytic unit for tracing practices in a wider range of media, 

inscriptional tools, and information contexts. 

Expansion of Practice-based Methodologies 

The analysis and identification of multiple sequential orders in the current study 

suggests the need to further explore practice-based methodologies for researching 

technology mediated multimodal interaction at multiple scales. The three scales, turn 

management, overall sequential organization, and inscription sequences are incremental 

steps but are important for understanding practices over time. In many ways, these levels 

of praxis encompass moments, contexts, and networks.  Further exploration of these 

levels and their interrelations may be a useful analytic frame for tracing longitudinal 
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interactions while also building up interpretive warrants for understanding interaction at 

all three orders (Williams, 2006). 

TECHNOLOGY MEDIATED PRACTICES 

Chat and whiteboard interaction of three participants interacting over four 

sessions in a Virtual Math Teams environment were analyzed to account for how they 

solved a series of geometric problems, with particular attention to the emerging 

representational practices of the group. The analysis showed that much of the VMT 

group’s work in these sessions involved not only constructing inscriptions but also 

negotiating interpretations of those inscriptions as representations. Two representational 

practices, visualize series and layering, aligned inscriptions to an overall problem solving 

strategy. In coordinating these practices, the group worked towards a shared 

understanding of the inscriptions as representations suitable for their task. Thus, the 

group’s practices were representational practices in an essential way: the inscriptions 

were not intrinsically representations, but became representations through the negotiated 

practices of participants. Within each episode, inscriptions taken as representations 

provided not only indexical resources but also frameworks for immediate action (Streeck 

& Kallmeyer, 2001). On larger time scales, the persistence of inscriptions supported the 

development of local solutions into recurring practices by serving as cultural artifacts for 

replicating and sometimes elaborating on those solutions (Wartofsky, 1979; Wertsch, 

1998).  

The analysis showed how the indexical and contingent nature of group 

accomplishments is temporally extended and is mediated by persistent inscriptions. These 

“immutable mobiles” (Latour, 1990) are powerful because they bring one moment’s 

resources for interaction into another. The ability to re-establish mental representations 
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can also play this role, but they are not accessible to either other participants or to us as 

analysts. In contrast, inscriptions that offer resources associated with prior practices are 

available to both participants and analysts (Medina & Suthers, 2013a). Distributed 

cognition theory was briefly used as an interpretive lens to expand more on what kind of 

cognitive resources might be discernable in networks of inscriptions and practices 

(Hutchins, 1995). Further in-depth exploration of these connections, however, is retained 

for future work. 

IMPLICATIONS FOR DESIGN: MOTIVATED BY ANALYSIS OF PRACTICE  

The analytic view presented in this investigation is oriented towards an 

understanding of the reflexive relationship between people, the tools they appropriate, 

and the activities in which they are jointly engaged (Dourish, 2006). The “conversational 

space” encompasses more than the moment-by-moment network of contingent spoken or 

typed utterances. An expanse of resources is available in the environment in which 

utterances are an element but not the sole resource for sense making (Thibault, 2011). 

Studies of embodied action, for example, seek to recognize a wider range of human 

expression and its contingency to the invariably multimodal contexts in which such 

expression is realized (Goodwin, 2000). Designers should recognize the high degree of 

sensitivity between inscriptional resources and the meaning-making practices of users, 

particularly in distributed interaction settings such as those found in the Virtual Math 

Team sessions.  

The present analysis suggests that designers of collaborative learning 

environments make participants’ prior inscriptional work available when relevant to 

subsequent sessions, and enable persistent inscriptions and conversational media to be 

used synergistically (Cakır et al., 2009). The data also illustrate the significance of 



 156 

enabling flexible expression through multimodal tools. The whiteboard enabled creative 

appropriations of the environment that were essential to the formative work through 

which participants constructed their own feature-rich setting for collaboration. This 

suggests that our systems enable creative and unforeseen uses of inscriptional media 

(Dwyer & Suthers, 2006). I argue that there are three design implications to take from the 

study of the VMT interactions: enabling mutability, providing multidimensional 

referencing, and sustaining access to histories and artifacts. 

Mutability Matters 

The study of affordances for mutability was presented as a central analytic 

objective of the current investigation. As noted above, the development of 

representational practice is a reflection of users’ ability to appropriate and transform 

representations across available media. Meaning making processes are enriched when 

users can transpose ideas to and from multiple modalities and media. The significance of 

representational practices observed is a direct correlation to the degree at which users 

were able to manipulate and reconfigure their setting. More recent work in socio-

technical technologies reflects this observation. Designers of collaborative media, for 

example, are increasingly concerned with providing functions that allow users to layer 

annotations and other inscriptions over existing shared artifacts (Heer, Viégas, & 

Wattenberg, 2009; Wattenberg & Viegas, 2008). In another strand, recent work on the 

design of media-rich interactive learning environments have merged visual spatial and 

linguistic media and modalities into unified environments (Coopey et al., 2013; Roschelle 

et al., 2007; Stahl, Ou, Cakir, Weimar, & Goggins, 2010). The above technologies 

suggest the emergence of a multimodal trend in design; however, further integration of 

artifacts, and support for user-constructed artifacts is needed. 
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Referencing Tools: Beyond Deixis 

The multidimensional appropriation of the referencing tool in the current study is 

a success story. Indexing prior resources was accomplished through linguistic 

mechanisms such as phrases or terms, or visual references to graphical and notational 

inscriptions (Suthers et al., 2003). The frequency at which the referencing tool was 

appropriated indicates that mechanisms for explicit referencing are critical for the 

development of practices over time. The participants were observed to utilize this tool to 

index multiple sequential orders of their interaction (the turn, the sequence, the 

inscription). Future considerations might be to support easier or more effective ways to 

access and index prior activity. Recent work on augmented chat technologies is 

addressing ways to make chat environments more malleable for a wider range of 

interaction (Li & Rosson, 2012). For example, the Signs system is chat/whiteboard 

environment that allows users to draw over the chat message list providing a tool for 

users to appropriate in flexible ways (Zinman & Donath, 2009).  

Hand in hand with more flexible tools is the importance of providing access to 

extended histories of artifacts and traces of activity. Current implementations that merge 

access to artifact histories and annotiations with affordances for interaction include 

Sense.US and the ManyEyes projects (Heer et al., 2007; Wattenberg & Viegas, 2008). 

Further design work should consider the chronology of interaction events as fundamental 

to interaction and explore ways for users pull and integrate inscriptions and other artifacts 

from a distant temporal context into their situated moments. 

LIMITATIONS AND FUTURE WORK 

Longitudinal studies of practice are time intensive and contingent on 

comprehensive and consistent data collection. The VMT corpus is a very rich and 

detailed collection of data. In this sense, the ConcertChat implementation (including the 
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Replayer) should be seen as exemplar model for log file organization and 

comprehensibility. Other corpora and the systems from which they were generated may 

not be as detailed or comprehensive. This may present serious obstacles for 

understanding multimodal and distributed interaction practices over time. 

A second limitation is that asynchronous interaction factors are not addressed in 

the study but are perhaps more critical for understanding the development of 

representational practices over time and across settings. And lastly, further work is 

needed in presenting and preparing analytic artifacts generated from multimodal 

interaction analyses. 

Future research into the study of representational practices falls within two 

strands: microanalytic and longitudinal studies. Microanalytic work may include further 

empirical analyses of overall sequential organizations and transition handling in 

technology mediated interaction (Robinson, 2013). Future longitudinal studies include 

studying networks of inscriptions and practices within and across mediated learning 

networks (e.g., intercultural science communities, intercultural language learning). 
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Appendix A: Session 1 Chat Transcript 

Session 1 - 5/9/2006 

ID Time of 
Posting 

Author Content Refers 
to 

1 18:15:57 azemel joins the room   
2 18:24:03 Jason joins the room   
3 18:24:04 davidcyl joins the room   
4 18:24:15 137 joins the room   
5 18:24:26 azemel hey folks!   
6 18:24:39 azemel is everyone here?   
7 18:24:42 Jason i guess so   
8 18:24:44 davidcyl yeaqh   
9 18:24:45 137 YA.   
10 18:24:46 Jason 4 people   
11 18:24:52 azemel great!   
12 18:25:03 azemel be sure to click on the view topic button   
13 18:25:18 azemel up at the top of the vmt screen   
14 18:25:22 davidcyl 137 stop   
15 18:25:29 137 Oops.   
16 18:25:37 davidcyl np   
17 18:25:44 Jason ooh we just did this in math class about a week ago! :-)   
18 18:25:54 azemel if you have any questions, just ask   
19 18:25:55 Jason well, not the exact thing, but sequences and series   
20 18:26:03 Jason anyhow   
21 18:26:21 Jason so do we see how the number of sticks grows in a 

sequence? 
  

22 18:26:25 davidcyl ok i've drawn n=4,5,6   
23 18:26:29 Jason 4(+6) = 10   
24 18:26:36 Jason 10(+8) = 18   
25 18:26:48 Jason i'm guessing 18(+10) = 28 for the next one, according to 

this pattern 
  

26 18:27:32 davidcyl the nth pattern has n more squares than the (n-1)th 
pattern 

  

27 18:27:55 davidcyl basically it's 1+2+..+(n-1)+n for the number of squares in 
the nth pattern 

  

28 18:28:16 137 so n(n+1)/2   
29 18:28:24 davidcyl and we can use the gaussian sum to determine the sum: 

n(1+n)/2 
  

30 18:28:36 davidcyl 137 got it   
31 18:28:43 137 and 2(1+2+3...n-1) overlaps   
32 18:29:05 137 so n(n+1)/2-n(n-1)/2?   
33 18:29:31 davidcyl well to find the number of sticks:   



 160 

ID Time of 
Posting 

Author Content Refers 
to 

34 18:29:39 davidcyl let's look on the board   
35 18:29:54 Jason should we use a recursive or explicit definition for it   
36 18:30:20 davidcyl i don't think we need recursion 35 

37 18:30:33 davidcyl it's simpler to express it as 1+2+...+n   
38 18:30:50 Jason would that be the number of sticks>   
39 18:30:51 davidcyl anyway, when n=4, there's 1+2+3+4+4 horizontal sticks   
40 18:31:03 davidcyl and 1+2+3+4+4 vertical sticks   
41 18:31:06 Jason let's see   
42 18:31:08 Jason when n=2   
43 18:31:21 137 then we have 5.   
44 18:31:23 davidcyl no, squares   
45 18:31:37 davidcyl sorry i wasn't clear   
46 18:31:41 137 5*2=10.   
47 18:31:45 137 ?   
48 18:31:54 Jason ooh   
49 18:32:02 Jason well could you just use like   
50 18:32:20 137 n(n+2)?   
51 18:32:21 davidcyl 137: i'm separating the sticks into vertical and horizontal 

sticks 
  

52 18:32:25 137 oops.   
53 18:32:28 Jason # sticks = N*(3+N)   
54 18:32:30 davidcyl wait what are you working on?   
55 18:32:32 Jason wait lemme check   
56 18:32:35 davidcyl (to 137)   
57 18:32:46 137 Great. Confused.   
58 18:33:03 Jason 137 are you talking about # sticks or squares   
59 18:33:09 137 Sticks.   
60 18:33:18 Jason ok   
61 18:33:21 davidcyl i would think it's 2(n(1+n)/2) + n + n   
62 18:33:23 Jason well i think my formula works   
63 18:33:33 Jason provided that you have a value for N   
64 18:33:57 davidcyl because it's basically (1+..+n + n) + (1 + .. + n + n)   
65 18:34:12 davidcyl checking   
66 18:34:25 ssjnish joins the room   
67 18:34:33 Jason well hello nish   
68 18:34:42 azemel welcom nish   
69 18:34:47 Jason click on "view topic" near the top-center to see the 

problems 
  

70 18:34:57 ssjnish welcome nish   
71 18:34:57 azemel do you guys want to bring nish up to speed?   



 161 

ID Time of 
Posting 

Author Content Refers 
to 

72 18:35:03 davidcyl this simplifies to n(1+n) + 2n, or n(3+n) 61 

73 18:35:09 davidcyl so jason, you're right   
74 18:35:16 Jason :-)   
75 18:35:36 Jason so now onto a formula for the total number of squares   
76 18:35:42 davidcyl ok let's complete the table   
77 18:35:46 Jason if you take the change in the change of the number of 

squares, it's constant 
  

78 18:36:10 137 Didn't we do that? 75 

79 18:36:19 davidcyl yes   
80 18:36:27 Jason oh, sorry i guess i must've not caught that   
81 18:36:33 davidcyl look up 29 

82 18:36:33 Jason could someone post it in a text box on the whiteboard   
83 18:36:38 davidcyl sure   
84 18:36:40 azemel be sure that SSJNISH is up to speed folks   
85 18:36:53 azemel are you following ssjnish?   
86 18:37:16 Jason alright, so that formula's for sure right?   
87 18:37:24 137 YA.   
88 18:37:33 Jason yeah, sorry for moving the box around a little 86 

89 18:37:33 davidcyl ssjnish, press the load messages button   
90 18:37:35 137 Ya.   
91 18:37:48 davidcyl it's above this chat box, like 2 arrows in a circle   
92 18:37:50 Jason it's the "reload"-like icon at the top of this box 89 

93 18:37:53 Jason yeah   
94 18:38:00 azemel thanks davidcyl 91 

95 18:38:09 ssjnish ok   
96 18:38:30 davidcyl basically, we've figured out that the number of squares 

in the nth pattern is 1 + 2 + ... + n 
  

97 18:38:33 137 It was blinding.   
98 18:39:26 davidcyl then, to find the number of sticks, I divided the figure into 

"vertical sticks" (|) and "horizontal sticks" (--) 
  

99 18:39:41 Jason the formulas are on the Whiteboard   
100 18:39:56 azemel don't forget to post your ideas to the wiki when you think 

it's time! 
  

101 18:40:15 davidcyl the number of vertical sticks is (1 + 2 + 3 + ... + n)+ n, 
and the number of horizontal sticks is the same 

  

102 18:40:18 davidcyl ok 100 

103 18:41:30 Jason i'm writing our formulas in summation notation since 
apparently that's more "formal" 

  

104 18:42:31 Jason thats supposed to be an infinity symbol [1] 
Refere
nce to 
whiteb
oard 



 162 

ID Time of 
Posting 

Author Content Refers 
to 

105 18:42:54 davidcyl we need to write this on the wiki though   
106 18:42:58 Jason oh yeah   
107 18:43:06 Jason should we designate one person to do that or should we 

all do something 
  

108 18:43:09 Jason on it   
109 18:43:20 davidcyl i'm writing it up   
110 18:43:31 davidcyl should we use the summation there?   
111 18:43:32 Jason great   
112 18:43:36 Jason for the formulas, shure   
113 18:43:37 Jason sure*   
114 18:43:44 Jason do you know how to do that?   
115 18:43:47 davidcyl yeah   
116 18:43:53 Jason great   
117 18:44:04 davidcyl i think you meant n [1] 

Refere
nce to 
whiteb
oard 

118 18:44:09 Jason yeah   
119 18:44:14 davidcyl wait a second   
120 18:44:16 Jason i started writing but then somehow it got erased   
121 18:44:17 Jason oh well   
122 18:44:28 137 Erm... Where's the wiki?   
123 18:44:39 Jason http://mathforum.org/wiki/VMTStudents/?PatternsOfThe

Sticks 
  

124 18:44:50 Jason or just click View Topic --> link to Wiki at end   
125 18:44:50 davidcyl   [1] 

Refere
nce to 
whiteb
oard 

126 18:45:11 ssjnish just to clarify sumthing, i am not overwhelmingly good at 
math as u guys seem to be, so it may take me more time 
than u guys to understand sumthing.. 

  

127 18:45:44 azemel can you tell us what's puzzling you?   
128 18:46:07 Jason are we allowed to post images on the wiki? I could just 

download TeX real quick and get the summation 
notation in a small graphic 

  

129 18:46:12 ssjnish the derivation of the number of squares   
130 18:46:21 Jason oh   
131 18:46:31 Jason so you see in the list a column for "N"   
132 18:46:50 Jason when n=1, we have 1 square; for n=2, 3; and for n=3, 6   
133 18:47:00 Jason we came up with a formula to find the total number of 

squares for any number N 
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134 18:47:16 Jason the purpose of the formula is so that you don't have to 
draw out the squares and count them 

  

135 18:47:39 ssjnish um yes   
136 18:47:41 ssjnish i know   
137 18:47:51 ssjnish but how did u get that formula   
138 18:48:00 Jason oh [1] 

Refere
nce to 
whiteb
oard 

139 18:48:11 azemel i believe so 128 

140 18:48:12 Jason uh, basically you try to find a pattern in the total number 
of squares first 

  

141 18:48:47 Jason we found a formula for that which we'll post on the wiki   
142 18:49:00 davidcyl if you look at the patterns row by row, it's 1 + 2 + 3 + 4 + 

however many rows there are 
  

143 18:49:24 davidcyl so for the nth pattern, we can say there are 1 + ... + n 
squares 

  

144 18:49:27 Jason if N rows: 1+2+3+...N   
145 18:49:57 Jason so then we incorporated the formula for finding the sum 

of an arithmetic series 
  

146 18:50:12 davidcyl there's a formula for finding the sum of consecutive 
integers, which (when starting from 1) is: n(n+1)/2 

  

147 18:50:17 137 so you use gaussian sum to get n(n+1)/2 123 

148 18:50:25 Jason that's it 146 

149 18:50:35 davidcyl and as Jason said, it works for arithmetic sequences in 
general 

  

150 18:50:51 ssjnish hmm...   
151 18:50:56 ssjnish isee   
152 18:50:56 Jason on a side note, you'll be doing stuff of similar sort next 

year in Algebra II 
  

153 18:51:01 ssjnish thanks   
154 18:51:11 davidcyl ok so let's finish the problem   
155 18:51:13 davidcyl #2:   
156 18:51:20 davidcyl Fill in the cells of the table for sticks and squares in rows 

N=4, N=5, and N=6. Once you agree on the value of a 
row, post it on the VMT Wiki 

  

157 18:51:48 davidcyl so when there's 4 rows, there should be 10 squares and 
28 sticks 

  

158 18:51:52 davidcyl by our formulas   
159 18:52:03 137     
160 18:52:03 davidcyl and we could count [1] 

Refere
nce to 
whiteb
oard 
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161 18:52:11 137 Oops.   
162 18:52:11 Jason yeah   
163 18:52:31 davidcyl 5 rows, 15 squares, 40 sticks [1] 

Refere
nce to 
whiteb
oard 

164 18:52:47 davidcyl whoops   
165 18:53:07 davidcyl and 6 rows, 21 squares, and 54 sticks   
166 18:55:06 Jason alright people apparently LaTeX is like a 450 MB 

download... anyone have suggestions for a math 
equation editor? 

  

167 18:55:20 davidcyl i have mathtype here   
168 18:55:23 Jason i know it's not necessary, but it would be nice to have a 

graphic demonstrating the summation notation for 
formulas :) 

  

169 18:55:32 davidcyl there should be an online renderer   
170 18:55:46 azemel or you could just text it with summ k=1 to inf   
171 18:55:53 azemel or something like that   
172 18:56:15 137 Wait. Why are we using summations?   
173 18:56:36 Jason for the formulas.. it looks nicer that way :)   
174 18:56:48 Jason just downloaded trial of MathType, will install now...   
175 18:56:58 ssjnish hope this doesnt sound too stupid, but wuts a 

summation 
  

176 18:57:14 Jason installed :-)   
177 18:57:34 137 The sum of all terms from a to b 175 

178 18:57:36 Jason http://en.wikipedia.org/wiki/Sigma_notation   
179 18:57:50 davidcyl good idea   
180 18:58:11 Jason don't worry nish, you'll learn all about it next year   
181 18:58:50 azemel folks, you guys started late and so i think you should 

take the full hour you've got 
  

182 18:58:55 azemel if you can   
183 18:58:58 Jason alright   
184 18:59:07 Jason i can be here as late as necessary (and reasonable)   
185 18:59:17 azemel don't forget, we're gonna meet again same time, same 

place on Thursday! 
  

186 18:59:23 davidcyl hows this http://www.forkosh.dreamhost.com/cgi-
bin/mimetex.cgi?formdata=%5Csum_%7Bk%3D1%7D%
5En+k 

  

187 18:59:37 137 So 4:00 or 4:30? 178 

188 19:00:01 Jason i can't exactly copy URLs from here 186 

189 19:00:04 137 Misquoted.   
190 19:00:06 Jason but is that a online renderer or your image   
191 19:00:08 azemel what do you mean 187 
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192 19:00:22 137 Do we go on at 4 or 4:30?   
193 19:00:34 137 oh, shoot. 7 or 7:30?   
194 19:00:36 Jason :30   
195 19:00:40 Jason since we started around then   
196 19:00:43 137 Right.   
197 19:00:44 Jason anyways   
198 19:00:47 Jason i got the thing in a GIF format   
199 19:00:47 137 Got it.   
200 19:01:01 Jason i'll upload it to my personal web space and then we can 

use that image on the wiki 
  

201 19:01:04 azemel well, it's supposed to start at 7:00 pm EST 193 

202 19:01:34 azemel so be there!!! ;-)   
203 19:01:48 137 Why can't we simply type it up as a formula? 200 

204 19:02:02 Jason it'll be easier to read this way   
205 19:02:04 Jason and it's quick   
206 19:02:09 davidcyl forget it   
207 19:02:13 davidcyl can't post iamges   
208 19:02:13 Jason i've got the first one in a GIF file already... lemme resize 

it 
  

209 19:02:17 davidcyl or links to images   
210 19:02:44 Jason really? azemel said that we could earlier   
211 19:03:05 Jason anywyas   
212 19:03:14 Jason is there anything else related to the problem that we still 

need to discuss 
  

213 19:03:18 davidcyl oh wait   
214 19:03:28 azemel you can copy and paste graphic files   
215 19:03:55 davidcyl got it   
216 19:03:58 137 I dont\'t believe so. 212 

217 19:03:59 davidcyl http://mathforum.org/wiki/VMTStudents/?PatternsOfThe
Sticks 

  

218 19:04:08 davidcyl you can't copy and paste without a host   
219 19:04:15 Jason oh   
220 19:04:18 Jason ok i'll try it   
221 19:05:15 Jason got it   
222 19:05:34 Jason sorry for the semi-low quality guys... i've got ClearType 

font smoothing on my screen and i guess that affects the 
quality 

  

223 19:05:57 davidcyl i've already posted it   
224 19:05:59 davidcyl on the wiki   
225 19:06:02 azemel i wouldn't let the graphic thing slow you down   
226 19:06:20 davidcyl we're done   
227 19:06:24 azemel k   
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228 19:06:28 137 Erm... What do you mean? 225 

229 19:06:38 azemel the summation sign thing 228 

230 19:06:43 azemel that's all   
231 19:06:44 137 Ah.   
232 19:06:56 davidcyl are there other problems we're supposed to work on?   
233 19:08:04 azemel well, if you're done with the sticks problem as it stands, 

then this might be a time to stop. there will be another 
problem on Thursday 

  

234 19:08:24 azemel remember, 7 pm, Thursday, same room   
235 19:08:32 Jason ok 233 

236 19:08:35 davidcyl ok   
237 19:08:35 137 Right.   
238 19:08:40 davidcyl look   
239 19:08:41 davidcyl http://www.forkosh.dreamhost.com/cgi-

bin/mimetex.cgi?formdata=%5Cleft%28%5Csum_%7Bk
%3D1%7D%5En+k%5Cright%29%2Bn 

  

240 19:09:33 137 How do you visit that w/o typing it in? 239 

241 19:09:41 azemel I assume you posted your results to the wiki, right?   
242 19:09:53 azemel I don't think you can 240 

243 19:09:54 137 They did.   
244 19:09:58 azemel bummer   
245 19:10:02 azemel good!!!   
246 19:10:06 davidcyl copy and paste 244 

247 19:10:08 azemel then let's call it an evening   
248 19:10:17 davidcyl yes 241 

249 19:10:19 davidcyl ok   
250 19:10:21 azemel thanks for coming and i hope you guys win!!!!   
251 19:10:28 137 Thanks!   
252 19:10:33 davidcyl :-) thanks. bye!   
253 19:10:34 Jason thanks! 239 

254 19:10:44 davidcyl leaves the room   
255 19:10:51 Jason and guys, i just realized that the summation notation 

stuff i put up is the SUM, not the formula 
  

256 19:10:59 Jason so i guess i'll post the correct image later   
257 19:11:05 Jason anyways, goodbye all   
258 19:11:13 137 Bye.   
259 19:11:14 137 leaves the room   
260 19:11:24 azemel bye bye!!!   
261 19:11:29 Jason leaves the room   
262 19:12:10 ssjnish i g2g also   
263 19:12:24 ssjnish sorry bout holdin u guys up   
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264 19:12:26 azemel be sure to come back next week ssjnish   
265 19:12:31 ssjnish ok   
266 19:12:34 ssjnish wait   
267 19:12:34 azemel you didn't hold anybody up!   
268 19:12:45 ssjnish is there one on thursday   
269 19:12:50 azemel yes there is   
270 19:12:54 azemel at 7 pm   
271 19:13:03 azemel eastern time   
272 19:13:09 ssjnish kk   
273 19:13:16 azemel thanks for slowing them down and getting them to 

explain 
  

274 19:13:27 ssjnish ?   
275 19:13:46 ssjnish was thqat supposed to be a compliment...?   
276 19:13:52 ssjnish leaves the room   
277 19:13:53 azemel i liked your questions ... yes!   
278 19:20:05 azemel leaves the room   
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279 10:51:36 jsarmi joins the room   
280 12:13:20 azemel joins the room   
281 12:51:51 azemel leaves the room   
282 17:45:54 jsarmi leaves the room   
283 12:48:37 tutor joins the room   
284 15:52:41 Cynthia joins the room   
285 16:16:34 tutor leaves the room   
286 16:26:47 Cynthia leaves the room   
287 16:53:38 jsarmi joins the room   
288 16:55:31 jsarmi leaves the room   
289 18:54:11 Cynthia joins the room   
290 18:55:13 Cynthia leaves the room   
291 19:01:22 Cynthia joins the room   
292 19:04:28 Jason joins the room   
293 19:04:39 137 joins the room   
294 19:05:08 Cynthia leaves the room   
295 19:05:26 Cynthia joins the room   
296 19:06:06 Cynthia so hi ya'll, I guess you're reading the pink textbox   
297 19:06:10 hcrussel joins the room   
298 19:06:36 qwertyuiop joins the room   
299 19:07:32 Cynthia So everyone want to say hi or something just to 

show us we're here, kind of virual roll call 
  

300 19:07:38 137 Here.   
301 19:07:45 Jason hi   
302 19:07:48 qwertyuiop hi   
303 19:07:52 Jason ssjnish says that his client is still loading   
304 19:09:46 Jason i think i might have a connection problem... all i'm 

seeing in this chat area is a series of small yellow 
squares 

  

305 19:10:20 Jason anybody there?   
306 19:10:25 qwertyuiop hi   
307 19:10:32 Jason alright, got that   
308 19:10:58 Cynthia so are you referring to something in the feedback 

jason 
  

309 19:11:15 Jason no, i'm talking about this chat area   
310 19:11:23 Jason i got the previous message here   
311 19:11:30 Jason however i think my internet connection may be   
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unstable 
312 19:12:07 Cynthia oh i see, I thought you were posing a different 

math problem of little yellow squares :-) 
  

313 19:12:39 Cynthia so do you all see a pink textbox with the 
feedback? 

  

314 19:12:43 Jason yes   
315 19:13:31 hcrussel leaves the room   
316 19:13:53 137 Yes.   
317 19:15:29 137 Is nobody posting or am I lagging?   
318 19:15:42 qwertyuiop nobody is posting   
319 19:15:43 jsarmi joins the room   
320 19:15:44 Jason i don't think anyone is posing   
321 19:15:46 137 Whew.   
322 19:16:03 Cynthia leaves the room   
323 19:16:34 jsarmi So... did you guys see the instructions in the View 

Topic window, (Session II)? 
  

324 19:16:37 Jason ssjnish is currently restarting his laptop and will 
attempt to reconnect in a few minutes. 

  

325 19:16:40 Jason yes 323 

326 19:16:44 137 Same here.   
327 19:17:00 qwertyuiop where? 323 

328 19:17:08 jsarmi great... then you can start and then bring ssjnish 
up to speed when he gets here 

  

329 19:17:25 137 Up above the whiteboard on the right.   
330 19:17:33 137 The "View Topic" button.   
331 19:17:39 Jason Please note that ssjnish and I share the same ISP 

-- InsightBB -- which is currently doing some 
maintenance work; they have warned us that 
during these few weeks, our network connections 
may be less reliable 

324 

332 19:18:02 qwertyuiop yes 330 

333 19:18:07 Jason ok, so with this aside-- i guess we should discuss 
our feedback from the last session 

  

334 19:18:34 jsarmi make sure you bring qwertyuiop up to speed 333 

335 19:18:41 Jason ok   
336 19:19:35 Jason for the problems last session, we came up with 

formulas to find the values for the columns 
332 

337 19:20:02 qwertyuiop in the view topic thing?   
338 19:20:03 Jason You can see them to the left of this text; our 

formula for the total number of sticks or squares 
for any number N is given 

  

339 19:20:09 Jason yes 337 

340 19:20:12 qwertyuiop ok   
341 19:20:17 Jason that was the problem we were given   
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342 19:20:39 Jason remains of our discussion is on the whiteboard 
and online wiki 

  

343 19:21:25 137 I think David forgot today... Our teacher didn't 
remind us. 

  

344 19:22:35 jsarmi I see... hopefully he will join you next Tuesday 343 

345 19:23:35 qwertyuiop n=3 is 3+2+1 squares, n=4 is 4+3+2+1 squares... 
how did you get n(1+n)/2 

  

346 19:23:42 Jason oh   
347 19:23:53 Jason that's the formula for finding a series of 

consecutive numbers 
  

348 19:24:08 Jason 1+2+3+4+...n = ((n)(n+1))/2   
349 19:24:45 Jason is anyone else getting boxes like these in their 

chat window? 
[1] 
Referen
ce to 
whitebo
ard 

350 19:24:55 qwertyuiop i don't suppose the chat box is supposed to be 
jumping around my screen? 

  

351 19:25:00 137 NO,   
352 19:25:03 jsarmi yes... they are new and represent activity on the 

whitebaord 
349 

353 19:25:10 Cynthia joins the room   
354 19:25:10 Jason i see   
355 19:25:18 137 Oops.   
356 19:25:19 137 No.   
357 19:25:27 137 Didn't want to connote yelling.   
358 19:25:49 jsarmi lol :-) 357 

359 19:26:00 jsarmi carry on   
360 19:26:09 Jason ok [1] 

Referen
ce to 
whitebo
ard 

361 19:26:11 Jason anyways   
362 19:26:32 Jason so apparently there's something with a recursive 

sequence that we should discuss 
  

363 19:26:55 137 What was a recursice sequence again?   
364 19:27:03 qwertyuiop recursive sequence? 362 

365 19:27:18 Jason i think that an explicit formula is better, but a 
recursive one would show how the number of 
squares/sticks increases as N increases 

  

366 19:27:35 Jason it's something like this: 364 

367 19:27:45 Jason a(n) = 5+ a(n-1)   
368 19:27:53 Jason where the things in parentheses are supposed to 

be subscripts 
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369 19:28:07 Jason so a recursive formula relies on the value of a 
previous function 

  

370 19:28:09 137 Ah, I see. 365 

371 19:28:19 Jason thus, you must specify something first, like a(1) = 
4 

  

372 19:28:29 qwertyuiop i get it 369 

373 19:28:54 Jason great :-)   
374 19:30:07 qwertyuiop for the number of squares, would that be: a(n)=n2-

1 
  

375 19:30:15 137 so a(1)=1, a(n)=n+a(n-1)... 371 

376 19:30:18 137 For squares...   
377 19:30:39 Jason it looks right... lets check for a few values of N 376 

378 19:31:06 Jason when N = 1, #squares = 1   
379 19:31:19 137 When N is 2, a is 3.   
380 19:31:22 Jason yup, i think thats right   
381 19:31:47 137     
382 19:31:52 137 Oops. 381 

383 19:33:06 137 b(1)=4, b(n)=b(n-1)+4(n)-(n-1)-(n-1), b is the 
number ofr sticks... 

  

384 19:33:30 137 So b(n)=b(n-1)+2n+2?   
385 19:33:51 Jason assuming only (n-1) is a subscript?   
386 19:34:32 qwertyuiop what does the subscript mean? 385 

387 19:34:57 Jason read "b of n minus 1"   
388 19:35:03 137 Yes. 385 

389 19:35:10 Jason ok   
390 19:35:13 Jason did u check that   
391 19:35:39 Jason looks correct   
392 19:35:45 Jason how did you get it?   
393 19:36:23 137 There are n-1 overlaps here...   
394 19:36:24 137 Wait.   
395 19:36:36 137 Those.   
396 19:36:43 137 And n-1 here:   
397 19:36:45 qwertyuiop those?   
398 19:36:57 Jason what do you mean by :"overlaps"   
399 19:37:17 137 They're counted twise; they belong to two boxes.   
400 19:38:13 Jason are you guys still talking about that formula?   
401 19:38:22 Jason because i dont think the overlap in the diagrams 

matters 
  

402 19:38:23 137 Yeah...   
403 19:38:36 Jason if you are only calculating the number of sticks   
404 19:39:02 qwertyuiop might be easier if you think of each square 

corisponding to 2 sides-the right and bottom 
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sides, and then add the upper left border 
405 19:39:50 qwertyuiop so it's number of squares*2 +...   
406 19:40:04 Jason i don't see how the borders overlap   
407 19:40:10 Jason if it's just right and bottom   
408 19:40:18 137 ? 406 

409 19:40:32 qwertyuiop number of squares*2 + n*2 405 

410 19:40:46 qwertyuiop overlap? 406 

411 19:41:23 137 Yeah, that should be right... 409 

412 19:41:48 Jason well this requires you to first calculate number of 
squares; i think the formulas for each of these 
should be seperate 

409 

413 19:41:58 Jason i liked the original formula   
414 19:42:05 Jason in my quick checking it worked   
415 19:42:06 137 So did I... 413 

416 19:42:18 137 The first one seeemed simpler.   
417 19:42:39 Jason but this one has a nice explanation :-)   
418 19:42:43 Jason i mean 409 

419 19:42:54 qwertyuiop we already have the square formula; just include 
it: n(1+n)+n2 

  

420 19:43:16 Jason yup   
421 19:43:41 qwertyuiop that looks like the same thing as n*(N+3) at a 

glance... 
419 

422 19:43:51 Jason so speaking of formulas, we got both explicit and 
recursive definitions for sticks/squares; explicit is 
easier while recursive shows how each step 
grows from the previous 

  

423 19:45:40 qwertyuiop how do i type on the white board?   
424 19:45:55 Jason click the text box (icon with A and lines in it)   
425 19:46:01 137 Use the text box option, next to the camera. 423 

426 19:46:13 137 Oops, two over. 425 

427 19:46:13 Jason two away from camera 425 

428 19:46:23 qwertyuiop see it   
429 19:48:12 137 Er... Am I lagging or is nobody typing?   
430 19:48:21 qwertyuiop nobody is typing   
431 19:48:21 Jason typing now :)   
432 19:48:37 qwertyuiop are there other problems to do?   
433 19:48:51 137 I do not think so...   
434 19:48:58 Jason well   
435 19:49:03 Jason we are supposed to come up with some   
436 19:49:10 qwertyuiop ok...   
437 19:49:13 Cynthia did you view the topic for tonight, session 2   
438 19:49:17 Jason WHAT IF? Mathematicians do not just solve other   
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people's problems - they also explore little worlds 
of patterns that they define and find interesting. 
Think about other mathematical problems related 
to the problem with the sticks. For instance, 
consider other arrangements of squares in 
addition to the triangle arrangement (diamond, 
cross, etc.). What if instead of squares you use 
other polygons like triangles, hexagons, etc.? 
Which polygons work well for building patterns like 
this? How about 3-D figures, like cubes with 
edges, sides and cubes? What are the different 
methods (induction, series, recursion, graphing, 
tables, etc.) you can use to analye these different 
patterns? 

439 19:49:45 Cynthia thanks, jason   
440 19:50:07 137 Let's try diamonds first.. 438 

441 19:50:17 Jason ok   
442 19:50:27 Jason if the squares were arranged in a diamond-like 

shape... 
  

443 19:50:37 Jason wait -- lemme make sure i read the directions 
carefully 

  

444 19:50:44 Jason ok   
445 19:50:59 Jason thanks for drawing :)   
446 19:51:53 qwertyuiop like that? (at the top)   
447 19:51:55 137 There's a square for later.   
448 19:53:52 Jason ok   
449 19:53:57 Jason sorry for the delay on my part   
450 19:54:03 137 So the number of squares is n^2 +4, where n is a 

side length 
  

451 19:54:12 qwertyuiop the "each square with 2 sides" thing doesn't work 
as neatly here 

  

452 19:54:13 Jason if we look at rows, its 1, 3, 5, 3, 1   
453 19:54:28 qwertyuiop how did you get that? 450 

454 19:54:29 Jason by side length you mean... 450 

455 19:54:50 137 The orange.   
456 19:55:01 Jason ooohh... clever :-)   
457 19:55:08 qwertyuiop is the saide lenght? 455 

458 19:55:28 137 Yes.   
459 19:55:52 Jason can you explain how you got that formula?   
460 19:55:57 qwertyuiop so +4 is just for a side lenght of 3   
461 19:55:59 qwertyuiop ?   
462 19:56:40 137 Erm...   
463 19:56:45 137 I'll make a new one.   
464 19:56:45 Jason oops... sry i was trying to move that to the center   
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465 19:57:17 137 There.   
466 19:57:28 Jason thanks... and my apologies   
467 19:57:30 137 Erm...   
468 19:58:01 137 Why can't my fill thing un-fill stuff?   
469 19:58:23 Jason just go up there and select "no fill"   
470 19:58:36 Jason if that's the case, then i guess we have to use 

recursion again 
460 

471 20:00:17 137 It doesn't seem to work for clearing already 
painted areas. 

469 

472 20:00:17 137 It doesn't seem to work for clearing already-
painted areas. 

  

473 20:00:18 137 Can someone tell if my messages appeared on 
the chat? I can't see them/ 

  

474 20:00:29 137 Oh, nevermind.   
475 20:00:30 137 Lag.   
476 20:00:39 jsarmi tehy seem to be ok on my side 137 maybe a little 

bottleneck 
473 

477 20:00:52 Jason anyways, is that true? 470 

478 20:00:57 qwertyuiop i think 
NumberOfSides=NumberOfSquares*2+SideLengt
h*3-2 

  

479 20:01:29 Jason wait-- you gave a formula earlier   
480 20:01:34 Jason lemme see if i can find it   
481 20:01:42 qwertyuiop because it's like the first shape, but with 3 other 

edges 
478 

482 20:01:55 Jason this one 450 

483 20:02:12 Jason oh but you're talking about # of sides   
484 20:02:19 qwertyuiop yeah 483 

485 20:02:44 137 Oh, yeah that's the blue in this diagram...   
486 20:02:45 137 Wait.   
487 20:02:50 qwertyuiop the minus 2 is for the upper and left corners 478 

488 20:03:00 137 Great. My controls froze.   
489 20:03:07 137 For the whiteboard.   
490 20:03:36 jsarmi this happens if you go bak in the "history" of the 

whitebaord 
489 

491 20:03:58 jsarmi Use the slider on the far left to come to the 
"present" moment of the whiteboard and your 
controls will get active again 

  

492 20:04:07 137 Thanks. 491 

493 20:04:13 jsarmi sure   
494 20:04:42 137 So the blue is n^2 and there are 4 more squares 

outside for each... 
  

495 20:05:12 qwertyuiop that's number of squares? 494 

496 20:05:24 137 IT should be...   
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497 20:05:26 137 shoot.   
498 20:06:23 qwertyuiop or number of sides? 495 

499 20:06:37 137 I screwed up somewhere....   
500 20:06:50 qwertyuiop what are you trying to find? 499 

501 20:07:19 137 The number of squares.   
502 20:07:36 Jason actually... could this be figured out by using some 

geometric series 
  

503 20:08:18 Jason the fact that, when the squares are arranged in a 
diamond shape result in 1+3+5+3+1 total squares 
in the diagram to the left, remind me of pascal's 
triangle 

[1] 
Referen
ce to 
whitebo
ard 

504 20:08:35 Jason just a thought... not sure if it'll work   
505 20:08:35 qwertyuiop using your previous method: SideLenght^2 + 

(SideLength-1)^2 
501 

506 20:08:51 qwertyuiop does that work? 505 

507 20:10:06 qwertyuiop the part in front of the plus is the large, rotatewd 
45 square and the part after it is the smaller, not 
rotated squared 

505 

508 20:10:59 qwertyuiop um... hello?   
509 20:11:03 137 Hi.   
510 20:11:17 Jason well, looking at the center diagram with the orange 

boxed 
505 

511 20:11:18 qwertyuiop but does that work? 505 

512 20:11:20 Jason boxes   
513 20:11:24 Jason you'd be 1 off   
514 20:11:41 Jason nvm, my arithmetic skills faltered ther   
515 20:11:42 Jason e   
516 20:11:59 Jason there   
517 20:12:03 qwertyuiop checking for SideLenght=3...   
518 20:12:35 Jason works 517 

519 20:12:36 qwertyuiop yes, it works 517 

520 20:12:52 Jason cool, so should we call this a formula   
521 20:12:57 137 I don't get why though... 519 

522 20:13:29 Jason i dont either 521 

523 20:14:10 qwertyuiop I used your previous method: take the (orange) 
side; that^2 gives part of the shape... 

521 

524 20:15:03 qwertyuiop the rest happens to be a square with a side length 
of one less, therfore th "(SideLength-1)^2" 

523 

525 20:15:10 qwertyuiop does that make sense?   
526 20:15:42 Jason i get it!   
527 20:15:43 Jason clever :)   
528 20:15:48 qwertyuiop 137?   
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529 20:15:56 137 Now I do.   
530 20:16:17 Jason ok   
531 20:16:49 Jason so in the little time we have left, should we discuss 

the second part of this problem -- what if instead 
of squares you used other polygons 

  

532 20:17:10 qwertyuiop random thought: hypercubes   
533 20:17:19 Jason not sure if i get that question, looks to me like the 

# of polygons will stay the same, only the # of 
sticks will vary based on the polygon 

  

534 20:17:22 137 Hm...   
535 20:17:32 137 Can't figure out what that should look like.   
536 20:17:33 qwertyuiop which question? 533 

537 20:17:44 137 Does anyone mind If I clear the board?   
538 20:17:59 qwertyuiop no 537 

539 20:18:12 Jason go ahead   
540 20:18:31 qwertyuiop can i paste pictures onto the board?   
541 20:18:46 jsarmi yep 540 

542 20:18:48 137 Yeah.   
543 20:19:07 qwertyuiop that's a hyper cube   
544 20:19:12 Jason woah   
545 20:19:15 Jason where'd that come from   
546 20:19:18 137 Wow.   
547 20:19:25 qwertyuiop 4 dimensional cube   
548 20:19:32 qwertyuiop from wikipedia   
549 20:20:02 Jason well maybe i'll understand this more if we dealt 

with 3-d cubes first 
  

550 20:20:07 qwertyuiop it can be seen as being made from 8 3D cubes   
551 20:20:22 Jason ok   
552 20:21:19 137 ? 550 

553 20:21:52 qwertyuiop is that going to be a prism of the first problem?   
554 20:22:40 qwertyuiop to make it more 3D, you could continue the 

pattern along the new dimension 
  

555 20:22:57 qwertyuiop not sure how you would draw that...   
556 20:23:38 Jason well going back to our session problems   
557 20:23:38 Jason What are the different methods (induction, series, 

recursion, graphing, tables, etc.) you can use to 
analye these different patterns? 

  

558 20:23:57 Jason i'd say series (recursive or explicit) for many of 
them 

  

559 20:24:49 Jason anyone else?   
560 20:24:59 qwertyuiop induction?   
561 20:25:58 Jason what's that   
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562 20:26:13 Cynthia so i'm wondering if this is a good time to figure out 
the information that you are going to post to the 
wiki? 

  

563 20:26:30 Jason hmm   
564 20:26:30 qwertyuiop the equations...   
565 20:26:55 Jason well im not sure if we formulated too many 

questions to post, but i guess yeah we can write 
up our formulas and how we got them 

  

566 20:28:25 qwertyuiop there are 4, I think: number of squares and 
number of sides for both diamonds and the first 
problem 

  

567 20:28:47 Jason alright   
568 20:29:05 Jason last time we designated one person to write up the 

wiki... do you guys want to do that again or should 
we all assign each other some part to write 

  

569 20:29:35 qwertyuiop we could just do it here   
570 20:29:47 Jason do what here   
571 20:29:59 qwertyuiop write it   
572 20:30:14 qwertyuiop i can't get the typing thing to work in the board   
573 20:30:18 Jason well it'll need to appear on the wiki someday   
574 20:30:35 Jason yeah i guess we could write up the text here and 

someone can paste it into the wiki 
  

575 20:30:43 qwertyuiop yes, we will put it on the wiki but write it here   
576 20:30:52 Jason :-)   
577 20:30:59 137 You can't copy from here and then paste it there   
578 20:30:59 jsarmi textboxes don't work for you qwerty? 572 

579 20:31:17 qwertyuiop no 578 

580 20:31:33 jsarmi try this one 579 

581 20:31:52 qwertyuiop i can't select the text button at the top   
582 20:32:41 jsarmi no luck? When you double click on it, it should let 

you type on it 
579 

583 20:32:48 Jason this one right here? [1] 
Referen
ce to 
whitebo
ard 

584 20:33:12 Jason click it once, make a square somewhere on the 
board, and then start tying 

  

585 20:33:13 Jason typing*   
586 20:33:13 jsarmi how about editing a texbox that is already there, 

like this one 
[1] 
Referen
ce to 
whitebo
ard 

587 20:33:31 qwertyuiop now i can make one but not edit one...   
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588 20:33:31 Jason (double-click that one)   
589 20:33:37 jsarmi this could be because you are back in the history 

of the whiteboard 
581 

590 20:33:48 jsarmi strange 587 

591 20:33:59 qwertyuiop yes, now it works. thanks   
592 20:34:04 jsarmi great 591 

593 20:34:20 Jason woohoo   
594 20:34:29 jsarmi :-)   
595 20:34:30 Jason should we all contribute something   
596 20:34:34 Jason to the wiki   
597 20:34:56 Jason like, should one person write about the formulas 

for the original problem and someone else write 
about the diamond one 

  

598 20:35:00 137 We will all contribute our ideas.   
599 20:35:22 Jason ok   
600 20:35:37 qwertyuiop those are the first 2...   
601 20:36:10 Jason alright   
602 20:36:26 Jason should i write about those? i'd like to if no one else 

wants to 
  

603 20:36:27 qwertyuiop what were the diamond equations?   
604 20:36:38 qwertyuiop sure 602 

605 20:36:43 Jason great   
606 20:36:53 Jason i'll start a new text box and we can post to the wiki 

after i finish 
  

607 20:37:06 Jason i'll need to go soon btw... im kinda getting hungry 
:-) 

  

608 20:37:11 137 one was n^2(n-1)^2   
609 20:37:18 137 Oops.   
610 20:37:22 qwertyuiop +   
611 20:37:30 137 n^2 + (n-1)^2   
612 20:37:31 Jason it appears that what we wrote to the wiki last time 

got deleted 
  

613 20:37:42 137 No, wrong page   
614 20:38:00 Jason o   
615 20:38:10 Jason i guess we were the only ones posting last time   
616 20:38:18 Jason so i guess the only thing we really need to post is 

the diamonds problem 
  

617 20:38:47 qwertyuiop what was the equation for the number of squares 
in a diamond? 

  

618 20:38:54 Jason lemme see if i can find it   
619 20:39:55 Jason sidelength^2 + (sidelength-1)^2 505 

620 20:39:55 Jason i think   
621 20:40:37 137 Ya, it is. 620 



 179 

ID Time of 
Posting 

Author Content Refers 
to 

622 20:40:43 Jason great   
623 20:41:01 Jason here, i'll start making a diagram for the problem for 

the wiki 
  

624 20:41:12 qwertyuiop that's for squares? 619 

625 20:41:17 137 Yes.   
626 20:41:22 Jason for the diamonds i thought...   
627 20:41:35 qwertyuiop oops. I ment sides. I'll look for it. 617 

628 20:41:38 137 FOr the number of squares in a diamond 
formation. 

626 

629 20:41:43 Jason yeah 628 

630 20:43:25 qwertyuiop is this it? 478 

631 20:43:41 Jason yes   
632 20:44:51 137 Sorry, but I have to go now... Have a class soon.   
633 20:45:08 Jason cya   
634 20:45:11 jsarmi Next session is next Tuesday, same time 137   
635 20:45:15 137 Right.   
636 20:45:19 137 leaves the room   
637 20:45:34 jsarmi Are you guys ok writing your notes on the Wiki?   
638 20:45:45 qwertyuiop where's the wiki?   
639 20:45:50 Jason http://mathforum.org/wiki/VMTStudents/VMTStude

nts?OtherSticksProblemIdeas 
  

640 20:45:56 Jason there's a link under "view topic"   
641 20:46:23 jsarmi to copy this URL use th Alt key when highlighting 

the text and then do copy 
639 

642 20:46:27 qwertyuiop going there.. 639 

643 20:47:18 qwertyuiop can't seem to copy it. i'll just type it. 642 

644 20:47:34 Jason or just follow the link   
645 20:47:49 Jason anyhow, i got a diagram of the diamonds thing at 

http://mathforum.org/wikis/uploads/diamonds.PNG 
  

646 20:49:18 Jason qwertyuiop if you start the wiki writeup it would be 
appreciated... i have to go now but i can 
edit/contribute to our writeup later 

645 

647 20:49:22 Jason i'll stay logged into this thing   
648 20:49:29 Jason goodbye for now..   
649 20:49:42 jsarmi See you next week, Jason   
650 20:50:06 Cynthia bye jason   
651 20:50:11 qwertyuiop who's putting it on the wiki? 645 

652 20:51:13 jsarmi You could write as much as you can now, and 
Jason will complete it later. Is that ok? 

651 

653 20:51:20 qwertyuiop ok   
654 20:51:29 qwertyuiop bye   
655 20:51:38 jsarmi Great...see you next week on Tuesday!   
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656 20:51:51 jsarmi Thanks for attending today!   
657 20:51:56 qwertyuiop leaves the room   
658 20:52:01 jsarmi leaves the room   
659 20:53:43 Cynthia Bye everyone. Thanks   
660 20:53:46 Cynthia leaves the room   
661 21:17:33 Jason leaves the room   
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662 16:08:08 jsarmi joins the room   
663 17:20:42 nan joins the room   
664 17:57:15 jsarmi leaves the room   
665 19:01:25 Jason joins the room   
666 19:02:22 137 joins the room   
667 19:02:37 nan hi Jason and 137, welcome back   
668 19:02:49 Jason hi   
669 19:03:06 137 Hi.   
670 19:03:09 nan i'll be your facilitator tonight   
671 19:03:13 Jason it looks like ssjnish is having connection problems 

again, even after i pointed him to an email on how 
to clear his Java cache 

  

672 19:03:45 qwertyuiop joins the room   
673 19:04:13 nan hi qwertyuiop   
674 19:04:23 qwertyuiop hi   
675 19:04:36 nan do any of you know if david is coming?   
676 19:04:41 137 So we do what we did last time again?   
677 19:04:47 nan yes 676 

678 19:04:52 137 I forgot to ask David at school. 675 

679 19:05:04 137 I don't think he'd remember.   
680 19:05:11 nan first take a few minutes to read the feedback 

posted on the whiteboard 
  

681 19:05:21 nan no problem 678 

682 19:05:27 nan i guess we can start   
683 19:05:48 nan david can join later when he comes   
684 19:05:54 137 Right.   
685 19:06:34 qwertyuiop has everyone read the green text box?   
686 19:06:44 Jason one sec   
687 19:06:45 137 Yes...   
688 19:07:01 Jason alright im done   
689 19:07:02 nan did you see some little squares aftermessage? i 

haven't seen thoese before, interesting 
  

690 19:07:11 qwertyuiop yes   
691 19:07:12 Jason yeah, they just indicate whiteboard activity   
692 19:07:32 137 Oh.   
693 19:07:40 nan i see. i was on a leave for two weeks and this 

version is the latest 
691 
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694 19:11:16 137 Great. Can anyone m ake a diagram of a bunch of 
triangles? 

  

695 19:11:51 qwertyuiop just a grid?   
696 19:12:07 137 Yeah...   
697 19:12:17 qwertyuiop ok...   
698 19:14:09 nan so what's up now? does everyone know what 

other people are doing? 
  

699 19:14:25 137 Yes?   
700 19:14:25 qwertyuiop no-just making triangles   
701 19:14:33 137 I think... 699 

702 19:14:34 Jason yeah   
703 19:14:46 nan good:-) 701 

704 19:14:51 qwertyuiop triangles are done   
705 19:15:08 137 So do you want to first calculate the number of 

triangles in a hexagonal array? 
  

706 19:15:45 qwertyuiop What's the shape of the array? a hexagon? 705 

707 19:16:02 137 Ya. 706 

708 19:16:15 qwertyuiop ok...   
709 19:16:41 Jason wait-- can someone highlight the hexagonal array 

on the diagram? i don't really see what you 
mean... 

  

710 19:17:30 Jason hmm.. okay   
711 19:17:43 qwertyuiop oops [1] 

Reference 
to 
whiteboard 

712 19:17:44 Jason so it has at least 6 triangles?   
713 19:17:58 Jason in this, for instance [1] 

Reference 
to 
whiteboard 

714 19:18:53 137 How do you color lines?   
715 19:19:06 Jason there's a little paintbrush icon up at the top   
716 19:19:12 Jason it's the fifth one from the right   
717 19:19:20 137 Thanks.   
718 19:19:21 Jason there ya go :-)   
719 19:19:48 137 Er... That hexagon.   
720 19:20:02 Jason so... should we try to find a formula i guess   
721 19:20:22 Jason input: side length; output: # triangles   
722 19:20:39 qwertyuiop It might be easier to see it as the 6 smaller 

triangles. 
  

723 19:20:48 137 Like this? 722 

724 19:21:02 qwertyuiop yes   
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725 19:21:03 Jason yup   
726 19:21:29 qwertyuiop side length is the same...   
727 19:22:06 Jason yeah   
728 19:22:13 Jason so it'll just be x6 for # triangles in the hexagon   
729 19:22:19 137 Each one has 1+3+5 triangles.   
730 19:22:23 Jason but then we're assuming just regular hexagons   
731 19:22:29 qwertyuiop the "each polygon corrisponds to 2 sides" thing we 

did last time doesn't work for triangles 
  

732 19:23:17 137 It equals 1+3+...+(n+n-1) because of the "rows"?   
733 19:24:00 qwertyuiop yes- 1st row is 1, 2nd row is 3...   
734 19:24:49 137 And there are n terms so... n(2n/2)   
735 19:25:07 137 or n^2 734 

736 19:25:17 Jason yeah   
737 19:25:21 Jason then multiply by 6   
738 19:25:31 137 To get 6n^2 737 

739 19:25:39 Jason but this is only with regular hexagons... is it 
possible to have one definite formula for irregular 
hexagons as well 

  

740 19:25:46 nan (sorry to interrupt) jason, do you think you can ask 
ssjnish to check the email to see the instructions 
sent by VMT team, which might help? 

  

741 19:25:48 Jason i'm not sure if its possible tho   
742 19:25:48 qwertyuiop an idea: Find the number of a certain set of 

colinear sides (there are 3 sets) and multiply the 
result by 3 

  

743 19:26:03 Jason i did--apparently it didn't work for him 740 

744 19:26:13 Jason or his internet could be down, as he's not even on 
IM right now 

  

745 19:26:13 nan i see. thanks! 743 

746 19:26:36 137 As in those? 742 

747 19:27:05 qwertyuiop no-in one triangle. I'll draw it... 746 

748 19:28:10 qwertyuiop those   
749 19:28:28 qwertyuiop find those, and then multiply by 3   
750 19:28:50 137 The rows?   
751 19:30:01 qwertyuiop The green lines are all colinear. There are 3 

identical sets of colinear lines in that triangle. Find 
the number of sides in one set, then multiply by 3 
for all the other sets. 

  

752 19:30:23 137 Ah. I see.   
753 19:31:07 137 Wait. Wouldn't that not work for that one?   
754 19:31:12 Jason yeah   
755 19:31:15 Jason beacuse that's irregular   
756 19:31:17 137 Or are we still only talking regular ones?   
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757 19:31:22 137 About   
758 19:31:24 qwertyuiop side length 1 = 1, side length 2 = 3, side length 3 = 

6... 
  

759 19:32:50 137 Shouldn't side length 2 be fore? 758 

760 19:32:53 137 *four   
761 19:33:10 qwertyuiop I count 3. 759 

762 19:33:25 137 Oh. Sry.   
763 19:33:30 qwertyuiop It's this triangle. [1] 

Reference 
to 
whiteboard 

764 19:33:45 137 We   
765 19:33:54 qwertyuiop I don't see the pattern yet... 758 

766 19:34:01 137 We're ignoring the bottom one?   
767 19:34:29 qwertyuiop no, 3 is only for side length 2. 766 

768 19:34:52 137 And I think the'y;re all triangular numbers. 765 

769 19:35:17 qwertyuiop "triangular numbers"? 768 

770 19:35:37 Jason you mean like 1, 3, 7, ...   
771 19:35:39 Jason ?   
772 19:35:59 137 Like 1,3,6,10,15,21,28. 770 

773 19:36:02 qwertyuiop the sequence is 1, 3, 6... 770 

774 19:36:30 137 Numbers that can be expressed as n(n+1)/2, 
where n is an integer. 

  

775 19:36:45 qwertyuiop ah   
776 19:37:18 137 So are we ignoring the bottom orange line for 

now? 
766 

777 19:37:36 qwertyuiop "green"? 776 

778 19:37:48 137 THe short orange segment.   
779 19:38:05 137 PArallel to the blue lines.   
780 19:38:05 qwertyuiop I don't think so...   
781 19:38:26 137 Wait, we are counting sticks right now, right? 780 

782 19:38:48 qwertyuiop yes-one of the colinear ets of sticks   
783 19:39:08 qwertyuiop oops-"sets" not " ets"   
784 19:39:42 137 So we are trying to find the total number of sticks 

in a given regular hexagon? 
782 

785 19:40:18 qwertyuiop not yet-we are finding one of the three sets, then 
multiplying by 3 

784 

786 19:40:40 qwertyuiop that will give the number in the whol triangle   
787 19:40:51 137 Then shouldn't we also count the bottom line? 785 

788 19:41:01 Jason are you taking into account the fact that some of 
the sticks will overlap 

786 

789 19:41:41 137 Then number of sticks needed for the hexagon, 
right? 

786 
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790 19:42:22 qwertyuiop Yes. The blue and green/orange lines make up on 
of the three colinear sets of sides in the triangle. 
Each set is identical and doesn't overlap with the 
other sets. 

788 

791 19:42:50 Jason ok   
792 19:43:11 Jason this would be true for hexagons of any size right>   
793 19:43:13 qwertyuiop triangle, so far 789 

794 19:43:25 137 Oh.   
795 19:43:26 qwertyuiop this one [1] 

Reference 
to 
whiteboard 

796 19:43:52 137 Yes, but they will overlap...   
797 19:44:13 137 Eventually when you multiply by 6 to get it for the 

whole figure. 
  

798 19:44:30 qwertyuiop no, the sets are not colinear with eachother. I'll 
draw it... 

796 

799 19:44:59 137   798 

800 19:46:34 137 Oh. I see.   
801 19:46:52 qwertyuiop Those are the 3 sets. One is red, one is green, 

one is purple. 
  

802 19:47:12 Jason wait--- i don't see the green/purple ones   
803 19:47:40 qwertyuiop so we find a function for that sequence and 

multiply by 3 
774 

804 19:48:49 nan (we got a question for you from another team, 
which was posted in the lobby: 

  

805 19:48:53 nan Quicksilver 7:44:50 PM EDT: Hey anyone from 
team c, our team needs to know what n was in 
your equations last week 

  

806 19:49:04 Jason oh   
807 19:49:15 137 The length of a side.   
808 19:49:16 qwertyuiop was n side length?   
809 19:49:33 Jason are you talking about the original problem with the 

squares 
  

810 19:49:48 137 I think nan is. 809 

811 19:49:58 qwertyuiop i think it's squares and diamonds 809 

812 19:49:58 Jason oh   
813 19:50:12 Jason then if you look in the topic description, theres a 

column for N; 
  

814 19:50:14 Jason thats what it is   
815 19:50:17 nan ok, quicksilver said they got it   
816 19:50:25 Jason so yes it is # sides   
817 19:50:26 nan thanks guys   
818 19:52:19 qwertyuiop what about: f(n)=2n-1 where n is side length 772 
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819 19:53:03 137 I don't think that works. 818 

820 19:53:18 137 Howbout just n(n+1)/2   
821 19:53:41 Jason for # sticks?   
822 19:53:48 qwertyuiop that's number of sides for one set 820 

823 19:53:51 qwertyuiop ?   
824 19:53:59 Jason oh ok nvm   
825 19:54:29 137 Ya. 822 

826 19:54:58 qwertyuiop then x3 is 3(n(n+1)/2) 820 

827 19:55:07 qwertyuiop simplified to... 826 

828 19:55:37 qwertyuiop (n(n+1)1.5   
829 19:55:44 137 On second thought, shouldn't we use n(n-1) for 

these: 
826 

830 19:55:55 nan just a kind reminder: Jason mentioned that he 
needs to leave at 7p central time sharp 

  

831 19:56:19 nan rest of you can continue if you like   
832 19:56:25 137 Is that 5 pm PST?   
833 19:56:31 137 or 4pm?   
834 19:56:32 nan yes 832 

835 19:56:42 137 Ah.   
836 19:56:56 nan which is a couple of min from now, right, Jason? 834 

837 19:57:16 qwertyuiop Jason?   
838 19:57:33 137 I think he left? 837 

839 19:57:52 Jason sorry i was away for a couple minutes   
840 19:58:02 Jason yeah i'll need to go pretty soon   
841 19:58:25 qwertyuiop back to this? 829 

842 19:58:34 137 Ya   
843 19:58:49 qwertyuiop why not n(n-1)? 829 

844 19:58:50 Jason you guys pretty much have the formula for this 
hexagon problem... 

  

845 19:59:28 qwertyuiop We almost have it for the triangle. I don't know 
about the hexagon. 

844 

846 19:59:50 Jason well that's just multiplied by a certain number for a 
hexagon, provided that it is regular 

845 

847 20:00:14 qwertyuiop but the sides of the triangles making up the 
hexagon overlap 

846 

848 20:00:18 Jason well i have to leave now; sorry for not participating 
as much as i wanted to, it's a pretty busy night for 
me with school and extracurricular stuff 

  

849 20:00:35 Jason see you guys Thursday!   
850 20:00:48 nan thanks for participating 849 

851 20:00:57 nan see you Thursday   
852 20:01:00 137 Cya/   
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853 20:01:07 Jason leaves the room   
854 20:01:31 137 Anyways, if we multiply the orange by 3, we get 

the: 
  

855 20:01:34 nan do two of you want to continue working for a bit or 
stop here? 

  

856 20:01:44 nan i guess that's the answer 854 

857 20:01:48 nan go ahead   
858 20:02:14 137 So then we add 12n for:   
859 20:02:15 qwertyuiop actually, this doesn't complicate it that much. The 

overlaps can be accounted for with "-6n" 
847 

860 20:02:55 137 Oh. 859 

861 20:03:07 137 I like addition more than subtraction.   
862 20:03:16 qwertyuiop do you see why that works 859 

863 20:03:18 qwertyuiop ?   
864 20:03:29 137 So: 9n(n+1)-6n.   
865 20:03:45 qwertyuiop 9, not 3?   
866 20:04:14 137 ? 865 

867 20:04:35 qwertyuiop you have "9n(n..."   
868 20:04:47 qwertyuiop not "3n(n..."?   
869 20:05:00 137 But we need to multiply by 6 then divide by 2 868 

870 20:05:22 qwertyuiop x6 and /2 for what? 869 

871 20:05:47 137 FOr each triangle   
872 20:06:02 137 and /2 because it's part of the equation.   
873 20:06:06 137 of n(n+1)/2   
874 20:06:20 qwertyuiop it's x3 for the 3 colinear sets, then x6 for 6 triangles 

in a hexagon... where's the 9 and 2? 
  

875 20:06:28 qwertyuiop oh 872 

876 20:06:38 137 So 18/2.   
877 20:06:50 137 A.K.A. 9   
878 20:07:08 qwertyuiop (n(n+1)/2)x3x6 873 

879 20:07:15 137 Yeah.   
880 20:07:27 qwertyuiop which can be simplified...   
881 20:07:46 137 To 9n(n+1) 880 

882 20:08:04 qwertyuiop that's it? 881 

883 20:08:12 137 -6n.   
884 20:08:24 137 So 9n(n+1)-6n   
885 20:08:34 qwertyuiop i'll put it with the other formulas...   
886 20:09:47 qwertyuiop number of triangles is...   
887 20:10:28 137 That. 738 

888 20:10:43 137 6n^2   
889 20:11:26 qwertyuiop oops 888 
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890 20:12:22 qwertyuiop what about the hypercube?   
891 20:12:33 137 Er... 890 

892 20:12:39 137 That thing confuses me. 891 

893 20:13:00 137 The blue diagram, right?   
894 20:13:13 qwertyuiop can you imagine extending it it 4 dimensions, and 

a square extends into a grid? 
  

895 20:13:17 qwertyuiop yes 893 

896 20:13:30 137 I didn't get that? 894 

897 20:13:32 qwertyuiop I'm having trouble doing that. 894 

898 20:13:45 qwertyuiop didn't get this? 894 

899 20:13:50 137 Ya.   
900 20:15:02 qwertyuiop If you have a square, it extends to make a grid that 

fills a plane. A cube fills a space. A simaller pattern 
of hypercubes fills a "hyperspace". 

  

901 20:15:19 137 The heck? 900 

902 20:15:29 137 That's kinda confusing. 900 

903 20:15:43 qwertyuiop So, how many planes in a hyper cube latice of 
space n? 

  

904 20:16:05 137 Er... 903 

905 20:16:07 qwertyuiop instead of "how many lines in a grid of length n"   
906 20:16:17 qwertyuiop does that make any sense?   
907 20:16:30 137 No. No offense, of course. 906 

908 20:16:43 qwertyuiop ok... let me think...   
909 20:17:19 qwertyuiop Imagine our first problem with a grid of squares.   
910 20:17:31 137 Right. 909 

911 20:18:07 qwertyuiop The squares are 2 dimensional and they can be 
arranged in a grid to tessalate over a plane. The 
plane is also 2 dimensional. 

  

912 20:18:41 137 Right. 911 

913 20:18:54 qwertyuiop If you use 3 dimensional cubes, they can be 
arranged to fill a 3 dimensional space. 

  

914 20:19:17 137 And that structure's 4 dimensional? 913 

915 20:19:25 qwertyuiop If you have hypercubes, they can be arranged to 
fill a 4 dimensional "hyperspace" 

  

916 20:19:36 qwertyuiop what's 4D? 914 

917 20:19:46 137 ? 916 

918 20:20:04 nan you may want to make your ideas available on the 
wiki before you go 

  

919 20:20:09 nan which may take some time   
920 20:20:24 137 Actually, I only have around 10 minutes left. 919 

921 20:20:29 qwertyuiop you say "and that structure's 4 dimensional?" -
what's "that" 

914 

922 20:20:34 nan oh 920 
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923 20:20:35 137   921 

924 20:20:43 137 The hypercube   
925 20:20:50 qwertyuiop yes 924 

926 20:21:02 137 Um...   
927 20:21:09 qwertyuiop I have homework to do, too... 920 

928 20:21:33 137 So how the heck are we supposed to calculate the 
number of four-dimentional figures? 

  

929 20:21:42 nan do you want to stop here and start putting ideas on 
wiki? 

  

930 20:21:47 qwertyuiop ok   
931 20:21:52 137 Sure. 929 

932 20:22:09 qwertyuiop resume from here next time? 928 

933 20:22:17 nan sure   
934 20:22:19 137 Ya.   
935 20:22:48 qwertyuiop We have the 2 hexagon equations to put on the 

wiki. 
  

936 20:23:04 137 Right. 935 

937 20:23:18 qwertyuiop Where's the wiki again?   
938 20:23:30 nan open "view topic" 937 

939 20:23:31 137 Somewhere in the View topic button   
940 20:23:41 nan there's link   
941 20:23:54 qwertyuiop I see it.   
942 20:24:28 137 leaves the room   
943 20:25:02 qwertyuiop i'll write it.   
944 20:25:05 qwertyuiop leaves the room   
945 20:25:19 nan leaves the room   
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946 13:53:58 nan joins the room   
947 14:01:24 nan leaves the room   
948 14:04:11 nan joins the room   
949 14:06:44 nan leaves the room   
950 13:49:15 nan joins the room   
951 15:34:23 tutor joins the room   
952 15:38:04 nan leaves the room   
953 15:46:26 tutor leaves the room   
954 18:07:07 jsarmi joins the room   
955 18:10:21 jsarmi Team C, here are some thoughts about your last 

ession. 
[1] 
Referenc
e to 
whiteboa
rd 

956 18:10:41 jsarmi leaves the room   
957 18:32:26 Gerry joins the room   
958 18:34:26 tutor joins the room   
959 18:35:15 Gerry leaves the room   
960 18:53:05 Cynthia joins the room   
961 18:56:56 Jason joins the room   
962 18:58:43 qwertyuiop joins the room   
963 18:59:18 tutor leaves the room   
964 19:00:46 Cynthia Hi Jason and qwe   
965 19:01:15 qwertyuiop hi   
966 19:01:59 Cynthia do you all know if others are coming tonight   
967 19:02:12 qwertyuiop i don't   
968 19:02:17 Jason ssjnish should be here soon if he can overcome 

some technical difficulties 
  

969 19:02:30 Jason he's here   
970 19:02:40 Cynthia yes 969 

971 19:03:27 137 joins the room   
972 19:03:41 ssjnish joins the room   
973 19:04:50 Cynthia so glad to see ya'll   
974 19:05:08 Cynthia have fun   
975 19:05:14 Jason alright   
976 19:05:18 Jason should we get started?   
977 19:05:32 qwertyuiop has everyone read the textbox?   
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978 19:05:37 137 Yeah.   
979 19:05:46 ssjnish yup   
980 19:06:22 qwertyuiop do we want to keep thinking about the hexagon 

thing or start on the hypercube? 
  

981 19:06:43 Jason well if we want to start on the hypercube i'll need 
to first fully understand the concept of the fourth 
dimension 

  

982 19:07:05 qwertyuiop what needs clairifying?   
983 19:07:12 Jason everything, pretty much   
984 19:07:19 ssjnish same here   
985 19:07:30 qwertyuiop ok... imagine a cube   
986 19:07:56 qwertyuiop it tessalates in a grid to fill a 2 dimensional plane   
987 19:08:39 qwertyuiop it's made of 4 parts (sides) of one dimension 

lower than itself (1 dimensional lines) 
  

988 19:08:49 qwertyuiop does that make sense so far?   
989 19:09:08 137 Yeah.   
990 19:09:42 Jason hmm   
991 19:10:01 qwertyuiop a cube is made of 6 parts one dimension lower 

than itself (6 2 dimensional faces) and can be 
arranged to fill a 3 dimensional space 

  

992 19:10:03 Jason well u guys can go ahead with the hypercube if 
you want, i probably wont be able to contribute 
much though 

  

993 19:10:20 137 Neither will I. 992 

994 19:10:36 qwertyuiop we could just do a cube   
995 19:10:45 Jason ok, that'll probably be a bit easier :-)   
996 19:11:01 qwertyuiop i'll start drawing   
997 19:13:10 qwertyuiop there's a cube on a 3-D graph   
998 19:14:09 qwertyuiop on the first problem, the pattern continued in 2 

dimensions (up and left) so this should continue 
in 3 (along each axis) 

  

999 19:14:18 qwertyuiop does that make sense?   
1000 19:14:31 Jason yea   
1001 19:14:32 137 Yes.   
1002 19:14:58 qwertyuiop i'm not sure how to draw that in an inteligable 

way... 
  

1003 19:15:42 137 That kinda works...   
1004 19:16:34 qwertyuiop i wonder if the first method of assigning each 

square (or cube) to certain vertecies (or mabey 
faces) will work 

  

1005 19:18:12 Jason hmm   
1006 19:18:23 qwertyuiop I have an idea that might make this easier-one 

min. 
  

1007 19:18:38 Jason since this has three dimensions maybe it would   
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be necessary to derive the formula from 
something relating to cubes (as in ^3, to the third 
power) 

1008 19:18:52 Jason so if there is a "height" of 2   
1009 19:18:59 Jason then there would be 4 squares   
1010 19:19:25 Jason a height of 3 -- er, i cant visualize that too well in 

my head 
  

1011 19:19:52 qwertyuiop Do you know of "Wings3D"?   
1012 19:20:04 137 No...   
1013 19:20:15 ssjnish isnt that a design program   
1014 19:20:19 ssjnish for airplanes   
1015 19:20:22 ssjnish or sumthin   
1016 19:20:31 137 I think we should just look at it in 3 groups of 

parallel lines like last time. 
  

1017 19:20:46 qwertyuiop It's a simple 3D modler I have. It might be easier 
to visualize that way. I'll paste something 

  

1018 19:21:17 Jason ok   
1019 19:21:37 Jason alright   
1020 19:21:44 Jason should there be another cube there or no   
1021 19:21:49 Jason so that the height will always be 2   
1022 19:21:56 Jason no matter which axis ur looking from   
1023 19:22:21 qwertyuiop hm? 1020 

1024 19:22:33 137 As in fill it so there is a big cube?   
1025 19:23:03 Jason oh wait nvm   
1026 19:23:07 Jason there's 4 cubes there   
1027 19:23:12 Jason heh, i miscounted :-)   
1028 19:26:05 qwertyuiop so this would be a continuation of it...   
1029 19:26:22 Jason yeah   
1030 19:26:29 Jason can you get the next level for these cubes   
1031 19:26:38 Jason then we might be able to start seeing a pattern   
1032 19:27:20 qwertyuiop I think that's n=4.   
1033 19:27:34 137 The number of cubes is the sum of n consecutive 

triangular numbers... 
  

1034 19:27:49 qwertyuiop triangular? 1033 

1035 19:27:49 qwertyuiop     
1036 19:27:57 Jason woah   
1037 19:28:15 Jason (reacting to the diagram i mean)   
1038 19:28:22 137 Numbers that are the sum of counstecutibe 

numbers starting from 1... 
1034 

1039 19:28:43 Jason how many cubes are in that diagram that you just 
posted? 

  

1040 19:28:45 qwertyuiop counstecutible? 1038 
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1041 19:28:57 137 consecutive.   
1042 19:29:07 137 Sry.   
1043 19:29:09 qwertyuiop 1 min 1039 

1044 19:29:34 137 10+6+3+1=20.   
1045 19:29:40 Jason 1, 4, 20, ...   
1046 19:29:53 137 YOu missed the 3-sided ones.   
1047 19:29:53 Jason so multiply by one more number each time?   
1048 19:29:56 Jason 1*4 = 4   
1049 19:30:01 Jason 4*5 = 20   
1050 19:30:09 Jason projected: 5*6 = 30?   
1051 19:30:18 Jason sry 20*6 = 120?   
1052 19:30:29 137 Side length 3 should have 6+3+1...   
1053 19:30:36 137 So 1,4,10,20.   
1054 19:30:50 qwertyuiop counting... 1053 

1055 19:31:11 Jason isn't it 1, 4, 20, 120 ... not 10 before 20? 1053 

1056 19:31:22 qwertyuiop n=4 is 20   
1057 19:31:27 137 Those are side lengths 1,2, and 4.   
1058 19:31:31 137 You missed n=3.   
1059 19:32:02 137 You missed n=3   
1060 19:32:19 Jason oh ok   
1061 19:32:25 Jason then i guess my pattern is void then   
1062 19:32:52 Jason     
1063 19:32:54 Jason oops sry   
1064 19:33:05 qwertyuiop yes, that's right 1033 

1065 19:33:07 Jason i was going to say that it seems the change in the 
change in the change is constant 

  

1066 19:33:16 Jason so the formula should include something to the 
third power 

  

1067 19:33:20 Jason 3x change 1065 

1068 19:33:43 137 It should be... um... 1+3+...n(n+1)/2   
1069 19:33:59 Jason oh   
1070 19:34:04 137 so f(x)=f(x-1)+x(x+1)/2   
1071 19:34:34 Jason have you checked that for sure   
1072 19:34:35 Jason ?   
1073 19:34:44 137 No...   
1074 19:34:48 137 I'm trying right now.   
1075 19:35:03 137 It works so far.   
1076 19:36:02 137 Am I lagging or is noone posting?   
1077 19:36:19 qwertyuiop no one is posting   
1078 19:36:33 qwertyuiop i'll type the equation with the others   
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1079 19:38:01 qwertyuiop Shall we do number of verticies now?   
1080 19:38:15 137 Number of edges?   
1081 19:38:17 Jason ok, the equation seems correct to me   
1082 19:38:37 Jason except, isnt it recursive   
1083 19:38:39 qwertyuiop yeah, that's what i meant. sry 1080 

1084 19:38:44 Jason and there is no f(0)   
1085 19:38:56 Jason (if you plug in f=1)   
1086 19:39:41 137 f(0)=0?   
1087 19:39:57 Jason oh yeah, i forgot   
1088 19:39:59 Jason heh   
1089 19:41:05 qwertyuiop edges?   
1090 19:41:25 qwertyuiop or do we want to put that function in a different 

form? 
  

1091 19:41:35 Jason i think that form is good   
1092 19:41:49 Jason like we said earlier, recursiveness=easy to track 

pattern of growth 
  

1093 19:41:52 137 Wouldn't this work? 1016 

1094 19:42:06 137 Each cube has 2 pointing each direction.   
1095 19:42:11 137 Wait.   
1096 19:42:13 137 4   
1097 19:42:28 qwertyuiop i think so 1093 

1098 19:43:38 qwertyuiop the overlap is different depending on wether the 
cube is on the outside of the shape or on the 
inside 

  

1099 19:43:48 137 ? 1098 

1100 19:43:57 137 Oh.   
1101 19:44:01 137 I see.   
1102 19:45:02 qwertyuiop Take the cube at the very top. 4 of its edges 

overlap with other cubes. Take the cube just 
below it. Only 1 of its edges doesn't overlap with 
any other cube. 

1099 

1103 19:45:54 qwertyuiop that would stil have to acount for the overlap that 
way 

1093 

1104 19:46:03 Jason so are you thinking about a function that first 
takes into account how many verticies there are 
total, including overlaps, and then subtracting 
how many overlaps there are based on another 
formula 

  

1105 19:46:42 qwertyuiop or the sum of different formulas for cubes in 
different places 

1104 

1106 19:47:48 Jason that would work too i guess   
1107 19:48:21 qwertyuiop an idea: Each cube is assigned to 3 edges. Then 

add the edges on the diagonalish face. 
  

1108 19:48:44 qwertyuiop does that make sense?   
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1109 19:48:58 137 Not really... 1105 

1110 19:49:13 qwertyuiop let me think how to explain it...   
1111 19:49:13 Jason well some would be the same 1109 

1112 19:51:36 qwertyuiop oops   
1113 19:52:44 qwertyuiop see those 3 highlighted edges? [1] 

Referenc
e to 
whiteboa
rd 

1114 19:53:32 Jason yeah   
1115 19:53:37 Jason theyre in red   
1116 19:54:09 qwertyuiop those would be the edges assigned to that cube 

(the cube at the bottom corner) 
  

1117 19:54:15 qwertyuiop still make sense?   
1118 19:54:42 Jason so far, yesh   
1119 19:54:43 Jason yes*   
1120 19:55:13 qwertyuiop oops [1] 

Referenc
e to 
whiteboa
rd 

1121 19:56:06 qwertyuiop Now I've highlighted the edges corisponding to 
the cube just above that one. 

[1] 
Referenc
e to 
whiteboa
rd 

1122 19:56:52 Jason ok   
1123 19:57:59 qwertyuiop you could assign each cube to 3 lines that way 

and get all the lines except these 
  

1124 19:58:24 qwertyuiop you would need to add in a different equation for 
those 

  

1125 19:58:55 qwertyuiop all together it would account for overlap, as each 
cubes 3 lines doesn't overlap with any other 

  

1126 19:59:30 137 ? 1123 

1127 19:59:32 qwertyuiop 137 and ssjnish?   
1128 19:59:53 Jason i think this makes sense   
1129 20:00:00 qwertyuiop the assigning or the "except these" part   
1130 20:00:07 qwertyuiop ?   
1131 20:00:09 Jason at first i thought there was going to be some 

overlap in the front of the cube (this current view) 
  

1132 20:00:17 Jason i think i get it   
1133 20:00:33 qwertyuiop Which part doesn't make sense? 1126 

1134 20:00:51 137 Which parts aren't accounted for?   
1135 20:01:09 qwertyuiop the ones highlighted in the current picture   
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1136 20:01:15 137 THe red?   
1137 20:01:18 qwertyuiop yes   
1138 20:01:23 137 Oh.   
1139 20:01:28 137 Howbout the yellow?   
1140 20:01:44 qwertyuiop that was a mistake. It should be red.   
1141 20:01:44 ssjnish i g2g   
1142 20:01:46 ssjnish bye   
1143 20:01:48 ssjnish leaves the room   
1144 20:01:49 qwertyuiop bye   
1145 20:01:59 137 Oh.   
1146 20:02:49 qwertyuiop so the first part of the equation would be 3 times 

the number of cubes 
  

1147 20:03:12 qwertyuiop I cn't think how to get the other part, though.   
1148 20:03:34 Cynthia excuse me, i hate to interrupt, but does anyone 

else need to leave because we wanted to talk to 
you all a bit about the project overall 

  

1149 20:03:53 137 I need to go at 5:10...   
1150 20:04:03 Jason i can stay for as long as necessary   
1151 20:04:09 qwertyuiop I still have homework to do... 1148 

1152 20:04:38 Cynthia so maybe we should talk and then folks that want 
to keep working can after? How's that? 

  

1153 20:04:45 137 Sure.   
1154 20:04:46 Jason sure   
1155 20:04:47 qwertyuiop ok   
1156 20:05:19 Cynthia http://www.fi.uu.nl/toepassingen/02015/toepassin

g_wisweb.en.html 
  

1157 20:05:44 Cynthia ignore that for now, but that's a great cube 
building site 

  

1158 20:05:56 Jason thanks :-) 1156 

1159 20:06:02 Cynthia So here's the first question: Would you like to 
continue working with your team after tonight? 

  

1160 20:06:20 Jason sure, i would love to   
1161 20:06:26 137 Same. 1160 

1162 20:06:30 qwertyuiop i would   
1163 20:06:43 Cynthia So What did you notice during these session that 

seems most interesting to you as far as doing 
math in a group? 

  

1164 20:07:10 Jason the fact that we could explore our own questions 
as a group 

  

1165 20:07:43 qwertyuiop thinking...   
1166 20:08:04 137 We can help each other...   
1167 20:09:15 qwertyuiop Usually when I work in a group, I don't do much. 

Here, I had a lot more to say. 
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1168 20:09:38 Cynthia What did you do well in these chats that help you 
work as a team? 

  

1169 20:09:48 137     
1170 20:09:59 Jason helping to find formulas, mostly 1168 

1171 20:10:04 137 I have to go...   
1172 20:10:13 Cynthia see ya, and thanks   
1173 20:10:21 137 leaves the room   
1174 20:10:29 qwertyuiop I found the ability to paste pictures very usefull. 1168 

1175 20:11:01 Cynthia So was it fun?   
1176 20:11:13 Cynthia doing math here?   
1177 20:11:14 qwertyuiop Yes.   
1178 20:11:15 Jason definitely   
1179 20:11:30 Cynthia What aspects were the most fun?   
1180 20:11:47 Jason just the idea of working with math online i guess   
1181 20:11:58 Jason working online with others   
1182 20:12:32 qwertyuiop Putting different people's ideas together and 

thinking visually. 
  

1183 20:12:42 Cynthia Do you have any suggestions for the 
programmers who are developing this chat 
system? Are there things you like a lot in it? 
Confusing features? Things you would add? 

  

1184 20:13:36 Jason well i would like the ability to post links to other 
Web sites, but this is a minor thing and the overall 
experience is not affected by it 

  

1185 20:14:16 qwertyuiop I can't think of anything.   
1186 20:14:58 Cynthia great Well, thank you very much for participating 

in the VMT Spring Fest. As we said at the 
beginning, we offered these sessions to give 
students the chance to do interesting math in 
teams via the Internet. A number of groups have 
participated and engaged actively in discussing 
everyone's ideas, formulating interesting math 
questions and exploring them 

  

1187 20:15:13 Jason what about the prizes? :-)   
1188 20:15:28 Cynthia We are going to review all of these sessions and 

select the most collaborative "Virtual Math 
Teams." We will be in touch with your teachers to 
inform you of the results. Do you have any 
questions? 

  

1189 20:15:43 qwertyuiop no   
1190 20:15:52 Jason when will these results be announced?   
1191 20:16:02 Cynthia So be sure to look at that link that i posted. It's a 

nice applet 
  

1192 20:16:49 Cynthia so thanks a lot. I really enjoyed listening to you 
guys do math. 
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1193 20:17:09 qwertyuiop okay. bye.   
1194 20:17:12 qwertyuiop leaves the room   
1195 20:17:18 Cynthia bye   
1196 20:17:30 Jason goodbye   
1197 20:17:38 Cynthia I'm not sure 1190 

1198 20:18:00 Cynthia But they'll let your teacher know soon, I'm sure   
1199 20:18:09 Jason ok, thank you   
1200 20:18:10 Jason bye   
1201 20:18:12 Jason leaves the room   
1202 20:18:21 Cynthia leaves the room   
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