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Abstract 

This paper uses a sociocultural perspective on mathematical reasoning to describe how 

pairs of eighth-grade students interpreted horizontal segments on a distance versus time 

graph about everyday motion. The analysis describes how students interpreted horizontal 

segments on this graph depicting a bicycle trip in both canonical and non-canonical ways 

and shifted between interpreting horizontal segments as representing not moving and 

moving. We examine how students coordinated multiple semiotic resources (the graph, 

written text, and talk) and how these resources mediated student interpretations. 

 

Note: Text marked between brackets [text] or by an asterisk *( text) refers to aspects of 

the paper that will be addressed in further revisions. 
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Reasoning About a Graph and a Story of Everyday Motion: How Multiple Resources 

Mediate Shifting Interpretations of Line Segments 

 

Introduction 

How do students interpret a graph of everyday motion? One response to this 

question is that learners see what experts see when looking at the distance/time graph 

showing the motion of a biker in Figure 1. This study presents an alternative to this 

response by describing how pairs of students interpreted the horizontal segments on this 

piecewise linear graph in both canonical and non-canonical ways. From a canonical 

perspective, all horizontal segments on this graph represent that the biker was stopped. In 

this study we found that students interpreted some of these horizontal segments as not 

moving and others as moving. We do not view studentsÕ non-canonical interpretations of 

the segments as instances of a misconception. Instead, we show that students shifted 

among contradictory interpretations, depending on the affordances and constraints of the 

problem context, and that there were valid reasoning practices evident in some non-

canonical interpretations. In the paper, we first describe how students interpreted 

horizontal segments and the multiple semiotic resources they used to construct these 

interpretations. We then examine how the problem context, especially the location of the 

segments on the graph and the written text, mediated these contradictory interpretations. 

[Lastly, we explore how shifting student interpretations may reflect a change from one to 

two-dimensional perspectives of this graph (Lobato, Ellis, & Mu–oz, 2003; J. N. 

Moschkovich, 2004).] 

This study is framed by the assumption that mathematical reasoning is a 
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multisemiotic activity (Lemke, 2003; O'Halloran, 2005; Radford, Bardini, & Sabena, 

2007; S‡enzÐLudlow & Presmeg, 2006; Schleppegrell, 2007). Mathematical reasoning 

involves coordinating multiple semiotic tools including oral language, written text, 

mathematical symbols, visual displays, and gestures. In particular, reasoning about linear 

functions includes coordinating mathematical inscriptions such as tables, graphs, rules, 

equations as well as moving flexibly between ÒprocessÓ and ÒobjectÓ perspectives of 

these graphs, tables, and equations (J. N. Moschkovich, Schoenfeld, & Arcavi, 1993). 

These skills and understandings are crucial to participation in advanced mathematics 

courses. 

Our analysis examines the details of how mathematical reasoning involves 

coordinating multiple semiotic tools focusing on oral language, written text, and visual 

displays. This study documents how learners engage in reasoning about linear functions 

using several semiotic tools (written text, talk, and graph) as resources. These findings 

can serve as the basis for designing research-based instruction that supports reasoning 

about linear functions and builds on the resources that learners use. This study is also 

significant because it points to the need for further study of the complexity of early 

student reasoning about intensive quantities such as slope and rate (Lobato & Thanheiser, 

2002; P. W. Thompson, 1994) *[ and the connections between proportional reasoning and 

reasoning about functions]. 

In this study we build on previous work investigating how learners interpret 

graphs in general and graphs of motion in particular (Bell & Janvier, 1981; Crucio, 1987; 

Friel, Curcio, & Bright, 2001; Leinhardt, Zaslavsky, & Stein, 1990) and we address 

questions specific to the interpretation of horizontal segments in distance-time graphs. 
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Specific questions we address in this paper are: How did pairs of students interpret the 

horizontal segments on this graph? How did multiple resources (especially the graph, 

written text, and talk) mediate these shifting interpretations? How did students use one- 

and two-dimensional perspectives of the segments? [How can an analysis of Òjoint focus 

of attentionÓ and Òprofessional visionÓ (Goodwin, 1994) help us understand this problem 

and these studentsÕ interpretations?] 

Conceptual Framework 

This study uses a sociocultural framework to examine learning in a 

complex mathematical domain. This sociocultural perspective implies, first, that learning 

mathematics is viewed as a discursive activity (Forman, 1996) that involves using 

multiple material, linguistic, and social resources (Greeno, 1994). We assume that a) 

participating in mathematical reasoning activity involves practices and artifacts, b) these 

practices and artifacts involve goals, meanings for utterances, and perspectives (J. N. 

Moschkovich, 2004) and, c) these goals, meanings for utterances, and perspectives are 

enacted in different ways in particular communities of practice. We view mathematical 

reasoning as a social activity mediated by semiotic and linguistic resources, and thus take 

each pair of students and their activity to be the unit of analysis. We assume that 

inscriptions (such as graphs) have multiple meanings for participants, that these meanings 

are not inherent to the inscriptions but are embedded in (mathematical) practices, and that 

these multiple meanings for inscriptions are negotiated and reified through patterns of 

interaction (Sfard, 2002; Sfard & McClain, 2002). In particular, discourse is involved in 

the coordination of resources and making sense of inscriptions. 

Bill Zahner! 2/23/08 1:45 PM
Com m ent:   
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Looking at the model of Òdiscoursing in activityÓ shown in Figure 2, the 

mediational means (top left and right corners of the diagram) for the studentsÕ activity 

included the graph, written text, talk, the imagined story, their past experiences as bikers, 

gestures, posture, and gaze. 

-----------------------Insert Figure 2 here------------------------- 

Our current analysis focuses on a subset of these mediational means: the graph, the 

written text, and the talk. Each of these mediational means is more or less salient at 

different times. We also consider the rules or genres (lower left corner of the diagram) 

that students are engaged in while working on this problem. 

Our perspective on student interpretation of the line segments draws on the 

recommendations made by Smith, diSessa, and Roschelle (1993) for analyzing student 

conceptions as functional and valid. Rather than seeing student conceptions merely as 

right or wrong, regardless of context, Smith et al suggest that conceptions should be 

understood in terms of productivity and characterized in terms of the contexts in which 

students use these conceptions. Following this perspective, we consider how student 

interpretations are useful and related to the problem context, in particular how the written 

text and the graph mediated student interpretations of the line segments. 

Prior studies of how students understand graphs of motion have identified a 

variety of studentsÕ common (mis)interpretations (for a review see Leinhardt, Zaslavsky, 

& Stein, 1990). For example, at times, students interpret graphs of real-life situations 

iconically, treating a graphed line as a ÒpictureÓ of the situation ostensibly described by 

the graph (Bell & Janvier, 1981). Also, while students are often quite adept at reading 

particular values from the graph, they frequently struggle to articulate relationships that 
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involve intervals in the graph, or comparisons between values in different parts of the 

graph (Crucio, 1987; Friel, Curcio, & Bright, 2001). More recent studies have focused on 

the Òconstructive resourcesÓ that students bring to the task of creating representations of 

motion. In one study of how students create representations of motion (rather than 

interpret given representations), Sherin (2000) identified several common resources 

students bring to the task of creating representations of motion, including one 

fundamental assumption from drawing, called Òspace = space.Ó Using this idea, students 

do not allow the same location on the paper to represent two different things. Sherin 

shows how this assumption led students to create representations that began to use two 

dimensions to represent motionÑ one for time, and one for location, especially in the case 

where the students were required to show backward and forward motion (Sherin, 2000). 

Our analysis of studentsÕ interpretations of the graph is also rooted in earlier 

studies of studentsÕ conceptions of speed, rate (P. W. Thompson, 1994), and slope 

(Lobato & Siebert, 2002; Lobato & Thanheiser, 2002). Thompson and ThompsonÕs work 

informs the conceptual framework for our analysis (A. G. Thompson & Thompson, 1996; 

P. W. Thompson, 1994; P. W. Thompson & Thompson, 1994). Specifically, we draw on 

ThompsonÕs (1994) definitions of a rate as a Òreflectively abstractedÓ constant ratio, 

while a ratio is the result of comparing two quantities multiplicatively. In the discussion 

section we elaborate on the relationship between interpreting the slope of lines in a 

distance-time graph as a rate, and how a one-dimensional perspective can lead to non-

canonical interpretations of horizontal segments in a distance-time graph. Our use of the 

term perspective expands on previous work on the object and process perspectives of 

linear functions (J. N. Moschkovich, Schoenfeld, & Arcavi, 1993) and includes not only 
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what one sees in the graph/inscription, but also the (individual & shared) interpretations 

of the inscription/graph. We assume that learning to read between graphs and beyond 

graphs (Friel, Curcio, & Bright, 2001) and appropriating the culturally shared meaning of 

segments on a graph calls for moving flexibly across multiple perspectives. 

Our study shows two contradictory ways in which students interpreted horizontal 

segments and our analysis reveals that these different interpretations were related to 

specific problem contexts. We make a distinction between setting and context (J. N. 

Moschkovich & Brenner, 2000). We use ÒsettingÓ to refer to the physical and social 

environment and ÒcontextÓ to refer to the relationship between a setting and how 

participants interpret the setting, including the meanings of practices and inscriptions. 

Thus, a description of a setting might include what objects, people, and activities are 

present.  A description of a context would need to delve more deeply into the different 

meanings that a setting and the practices taking place in a setting have for different 

participantsi. We use the phrase Òproblem contextÓ to differentiate between the larger 

social context (i.e. the classroom, school, and the layers of social reality within which 

they exist) and the particular problem situation a student pair was working on. We define 

the Òproblem contextÓ to include 1) the location of the horizontal segment on the graph 

(was the segment on the x-axis or not, how long was it, and how high was it, where was it 

located from left to right), 2) the form and placement of a written question, and 3) the 

participantsÕ goals for the activity. 

Data, Participants, and Methods 

The data for this study are eight peer discussion sessions with four pairs of 

students (two discussion sessions per pair). During the peer discussion sessions, pairs of 
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students worked with a time/distance graph to answer questions about an imagined 

bicycle tripii. Participants in the peer discussion sessions were members of an eighth-

grade bilingual mathematics classroomiii in an urban school in Massachusettsiv. All of the 

pairs analyzed for this study spoke mostly English during the peer-discussions. 

The four pairs of students responded to a problem with twelve questions about a 

distance-time graph depicting the motion of an imagined biker. The graph and the 

questions are shown below in Figure 1. The problem was selected and designed with 

several goals in mind. The graph and questions contain no numbers because one goal was 

to elicit studentsÕ qualitative interpretation and conceptual understanding, rather than 

procedural, calculational, or computational skills. The questions were designed to parallel 

the form and content of questions in the classroom units from Connected Mathematics 

Project, and used terms and phrases commonly used in the unit, such as steady pace, 

most progress, least progress, etc. The students were instructed to discuss the questions 

and to agree on an answer before writing their final answer. The first question asked the 

students to tell a story about a biker corresponding to the given graph. Questions two 

through eight asked students to identify when the biker was going fastest, slowest, or 

stopped. Questions nine through twelve asked about what was happening for particular 

segments of the graph.  

--------------Insert Figure 1 here---------- 

The introduction to the discussion sessions included a description of the 

guidelines for how the student pairs were to discuss the problem and record their 

responses. The students were instructed to provide answers and explanations for each 

problem. To structure the dialogue and promote the discussion of different conjectures, 
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students were told that they did not have to agree on their initial choices, and that their 

individual choices would be recorded on the paper and on the videotape, but that they had 

to agree on their final answers. The conversations that ensued are labeled Òdiscussions,Ó 

because they meet the criteria for a mathematical discussion as Òpurposeful talk on a 

mathematical subject in which there are genuine pupil contributions and interactionsÓ 

(Pirie, 1991, p. 143). The design of the discussion sessions created a setting where pairs 

of students were required to communicate with each other during problem solving. 

Each pair participated in two peer discussion sessions, separated by 

approximately eight weeks, where they worked on the same problem. During the interval 

between discussion sessions, the students worked on a unit on graphing and everyday 

motion in their mathematics class. The peer discussion sessions were conducted before 

and after an eight-week Connected Mathematics Project curriculum unit titled ÒMoving 

Straight Ahead.Óv All of the peer-discussion sessions were video-taped and transcribed 

and the studentsÕ written work was collected and included in the analysis. 

Analysis 

For the purpose of this study, we treat the pair of students as the unit of analysis. 

In order to describe how pairs of students interpreted horizontal segments in the graph, 

we compared what students wrote as their final answer on a shared answer sheet with the 

video and transcripts of the discussion that took place between students as they worked 

towards consensus. In this analysis we focus on the studentsÕ interpretations of the 

horizontal segments a, c, e and g not only because different pairs interpreted these 

segments differently, but also because within each pair, the statements students made 

about horizontal segments were often conflicting. 

Social Sciences U.C. É, 2/23/08 2:59 PM
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Since mathematical reasoning activity frequently involves the coordination of 

multiple semiotic resources (Lemke, 2003), the analysis included attention to the variety 

of semiotic tools that students used such as the graph, the written text, studentÕs written 

responses, and spoken language (including terms referring to parts of the graph, terms 

used during classroom lessons, and terms borrowed from the text in the written 

questions). We were also attentive to the ÒrhetoricalÓ function of student utterances 

*(Sandoval & Reiser, 2004). We recognize that utterances are always Òtwo-sidedÓ acts 

*(Volosinov, 1973 p. 82) in the sense that meanings are always Òdetermined equally by 

whose word it is and for whom it is meantÉ  it is precisely the product of the reciprocal 

relationship between the speaker and listener, addresser and addresseeÓ (p.86)]. Finally, 

we found that in order to understand how the student pairs were interpreting horizontal 

segments in the graph, it was crucial to understand the problem context not as a given or 

from an expertÕs perspective, but from the studentsÕ perspective and as co-constructed by 

the pair (Walkerdine, 1988). 

The development of our coding scheme for analyzing the studentsÕ discussion was 

motivated by a concern with staying ÒcloseÓ to studentsÕ interpretations, a focus on the 

specifics of how student interpretations were mediated by a particular problem context, 

and an emphasis on interpretation as a productive practice. The first stage of our three-

step coding process involved identifying and paraphrasing utterances that referred to all 

seven labeled line segments of the graph. At this stage, in order to increase reliability, we 

coded utterances independently and then compared codes. We revisited discrepancies and 

reviewed transcripts in conjunction with the original video data. The second stage 

involved compiling paraphrased utterances that could be attributed to each of the 
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horizontal line segments on the graph. The third stage involved deriving and using two 

super-ordinate headings to group clusters of utterances. For example, the responses 

Òstayed where he wasÓ and ÒdidnÕt move at allÓ and Òhe stoppedÓ were clustered under 

the heading not moving and responses such as Òstarted going againÓ or Ògoing fast and 

steadyÓ were clustered under the heading moving. After coding, clustering, and 

quantifying student utterances we returned to the transcripts, video, and written data to 

examine relationships between these clustered target utterances and the problem context 

associated with these utterances. 

Findings 

In this paper we report on three findings. First, students interpreted horizontal 

segments on this graph in both canonical and non-canonical ways. Second, students 

changed their interpretations of horizontal segments, at times interpreting horizontal 

segments as representing that the biker was moving, while at other times as representing 

not moving. Third, studentsÕ interpretations of the horizontal segments were mediated by 

several characteristics of the problem context, including the location of segments on the 

graph and the order of the written questions. We examine the role of the graph in terms of 

the location of a segment on the graph and the role of the written text in terms of the form 

of each written question and the placement of the written questions in the sequence of 

questions. In particular, we found that while students changed their interpretations of the 

three horizontal segments above the x-axis (segments a, c, and g), the pairs consistentlyvi 

interpreted the horizontal segment e, located on the x-axis, as representing the biker not 

moving. 
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Table 1 contains a summary of the studentsÕ interpretations of the horizontal 

segments in the graph and shows how many pairs interpreted each horizontal segment as 

moving or not moving during the two discussion sessions. 

------------Insert table 1 here---------- 

Students changed their interpretations of horizontal segments a, c, and g both within the 

same session and across two sessions. At times students interpreted segments a, c, and g 

as representing not moving (the canonical interpretation of these segments) while at other 

times they interpreted these horizontal segments as representing moving. Segment e 

offers a contrast: with the exception of one utterance by one pair during the second peer 

discussion session, all pairs consistently interpreted segment e as representing not 

moving. 

Shifting Interpretations Within A Session 

Looking at Table 1 across all four horizontal segments (a, c, e, and g) and all four 

pairs of students, we can summarize how interpretations for segments a, c, and g changed 

within sessions and across sessions 1 and 2. Three of the four pairs shifted in their 

interpretations of at least one horizontal segment during the first discussion session. Two 

of the four pairs changed their interpretation of at least one horizontal segment during the 

second discussion session. If we look at segment a, during the first session, all four pairs 

interpreted segment a as showing that the biker was moving (although this was not 

necessarily each pairÕs final, agreed upon written solution) and three of the pairs also 

interpreted segment a as representing not moving during this first session. We describe 

changes within a session as students shifting in their interpretation of a segment during a 

discussion session. While we might have expected students to change their interpretations 

Social Sciences U.C. É, 2/23/08 2:59 PM
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between the first and second sessions due to many reasons (time passing, the eight weeks 

of instruction in the classroom, etc.), the repeated shifts within a session at a micro-

genetic level was surprising. 

The two excerptsvii below provide an example of how one pair of students shifted 

between two interpretations of the horizontal segments a, c, and g within one session. 

Excerpts 1 and 2 are both taken from the second discussion session and occurred a few 

minutes apart. In these two excerpts, Carlos and David debated whether the horizontal 

segments represented when the biker was Òmaking the least progress,Ó was Òstopped,Ó or 

was Ògoing at a slow and steady speed.Ó  These two excerpts show how this pair 

negotiated and shifted in their interpretations of the horizontal segments in the graph. In 

Excerpt 1 Carlos and David interpreted segments a, c, e, and g as representing that the 

biker had ÒstoppedÓ or made the Òleast progress.Ó In Excerpt 2, the pair changed their 

interpretations and answered that only segment e represented the biker as being stopped 

because Òthe distance decreased to zeroÓ and that c and g represented going at a Òslow 

and steady speed.Ó  

In Excerpt 1 David first proposed that a, c, and g show the biker moving Òat a 

steady paceÓ and that e the biker Òstopped.Ó Carlos disagreed with David and argued that 

if something (it is not clear form the transcript what he was referring to) represented 

distance, and distance depends on time, then a segment Ògoing upÓ would show Òa steady 

pace.Ó At the end of line 85, Carlos seemed to be proposing that a and c show Òleast 

progress.Ó In response, David then proposed that e and g are the segments showing Òleast 

progressÓ or covering Òleast distanceÓ and David now seemed to agree with Carlos. 

 

Social Sciences U.C. É, 2/23/08 2:59 PM
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Excerpt 1 [C&D Session #2, 7:26-8:10] 

Written Question #3: ÒWhen is the biker making the least progress or coving the 

least distance?Ó 

84. David: He went at a STEADY pace here. a, c, and g went at a steady. At e he 

stopped. 

85. Carlos: No. But this is the distance, though. You see, so -- time depends -- no, 

distance depends on time. So, this -- if he is not -- so this should be going up if he 

is going at a steady pace. ThatÕs why heÕs going at a steady pace here, but he had 

stopped. So -- when is the biker making the least progress? a, c= 

86. David: e and g. 

87. Carlos: =e and g because 

88. David: He is stopped. 

 

During Excerpt 2, when the pair encountered the next question in the problem 

(question 4: ÒWhen does the biker stop?Ó), Carlos and David shifted to different 

interpretations of segments a, c, and g. David argued that in segment e the distance 

decreased to Òzero,Ó (line 104), and they agreed that e shows when the biker was stopped 

or not moving. However, when answering the next question (ÒWhen is the biker going at 

a slow and steady speed?Ó) for their response they wrote that a, c, and g showed the biker 

moving at a Òslow and steady speed.Ó 

 

Excerpt 2 [C&D Session #2, 9:37-10:47] 

(Written Question 4: ÒWhen does the biker stop?Ó) 
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101. Carlos: So, when did the biker stop? 

102. David: At e. 

103. Carlos: The biker stopped at e. We think this because why? Because the 

distance shows that he is not moving. 

104. David: The distance decreased to zero -- 

105. Carlos: Yes, but -- yes. ((pause while he writes)) The distance decreased and 

stopped. Okay.  

(Reading the written Question 5: ÒWhen is the biker going at a slow and steady 

speed?Ó) 

105. When is the biker going at a slow and steady speed? Why do you think that? 

Isn't that practically the same thing as this? It's a- 

106. David: c and g. 

 

While their interpretation of segment e remained unchanged from Question 3 to 

Question 4, their interpretation of segments a, c, and g changed from Òleast progress,Ó in 

response to Question 3, to Òslow and steady speed,Ó in response to Question 5. The pair 

thus shifted between interpreting segments a, c, and g as not moving (lines 86-88) to 

moving (line 106).  

During the first session, three pairs in this study shifted between contradictory 

interpretations of horizontal segments a and c and two pairs shifted between 

contradictory interpretations of horizontal segment g (see table 1). During the second 

session, two pairs shifted between contradictory interpretations of horizontal segments a, 

c, and g (we documented only one utterance where one pair shifted between contradictory 
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interpretations of horizontal segment e). Overall, more pairs shifted in interpretations of 

segments a and c than in interpretations of segments e and g. In the next two sections we 

describe how the problem context mediated these shifts in interpretations of segments a 

and c as well as the relatively stable interpretations of segments e and g. 

How Problem Context Mediated Interpretations 

In this section we examine the ways that the graph and the written text mediated 

studentsÕ interpretations of the horizontal segments. We focus on the role of two semiotic 

resources (the graph and the written text) that the pairs used to make sense of the 

problem. We first examine the role of the graph, describing how the location of each 

segment on the graph, in terms of the segment height, length, and order form left to right, 

mediated student interpretations. We then examine the role of the written text, describing 

how the form and placement of the written questions mediated student interpretations. 

From this analysis, we develop a description of the  Òproblem contextÓ for this problem to 

include: 1) the location of each horizontal segment on the graph (segment height, length, 

and order from left to right on the graph) and 2) the form and placement of the written 

text, and 3) the goals for activity. 

1. Role of the graph: Segment location 

One aspect of the problem context that may have mediated student interpretations 

was the location of the segments as one ÒreadsÓ the graph from left to right. This reading 

of the graph may have led the students to have longer discussions and more 

disagreements about segments a and c than about segment g. The relative stability of 

studentsÕ interpretations of segment g may be, in part, because g appears to the far right 

in the graph and thus later than other segments. We have seen that some pairs re-

Social Sciences U.C. É, 2/23/08 3:29 PM
Delete d : location 



  Reasoning About Everyday Motion 18  

evaluated their understanding of segments a and c based on their interpretation of 

segment e (as in Excerpts 1 and 2 above). Since segment g comes after segment e in the 

graph (when reading from left to right), studentsÕ re-evaluation of segments a and c based 

on the case of segment e occurred before students discussed segment g. This left-to-right 

reading of the graph may explain, in part, why more pairs shifted interpretations for 

segment a than for segment g (as shown in Table 1). 

We can see how the graph played a strong role in studentsÕ interpretations if we 

examine the location of the segments in terms of their height and length. Sometimes 

students interpreted horizontal segments which were longer or higher as representing 

more movement by the imagined biker. Segment e, due to its location on the x-axis, 

played an important role in the studentsÕ interpretation of the graph. Despite the shifts in 

the studentsÕ interpretations of the horizontal segments a, c, and g, with the exception of 

one utterance, all of the pairs interpreted segment e as representing not moving during 

both discussion sessions. 

For all of the pairs, one of the most striking aspects of their discussions of 

segment e is how persuasive was the explanation that since segment e was on the x-axis, 

it must be Òzero,Ó and hence represent that the biker is not moving. For the pairs who 

shifted within one session in their interpretations of the other segments not on the x-axis 

(a, c, and g), when one student pointed out that e was on the x-axis, that observation was 

often sufficient to change the other studentÕs interpretation of these three other horizontal 

segments. For instance, in the discussion between Excerpts 1 and 2 above, David 

explained to Carlos that segment e was really zero because it was on the x-axis. After this 

explanation, Carlos abandoned his reasoning from line 85 (Excerpt 1), that the segments 
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showing motion should be Ògoing up.Ó (Later in the paper we elaborate further on other 

possible reasons why the students were so consistent in their interpretations of segment 

e). 

Excerpt 3 below is a typical example of how students interpreted segment e and 

illustrates the role that the height of a segment played in student interpretations: 

Excerpt 3 [F& M Session #2, 4:40-6:05] 

Written Question: When does the biker stop? 

33. Maria: When does the biker stop? I think it stopped, like, e? What do you think? 

34. Francis: The biker stopped? Yes, e Ð because distance, that would be zero right there, 

and then, see Ð thatÕs at zero. That wouldnÕt be when they stopped because thatÕs 

probably, like, five or something. ((Francis appears to be pointing at segment a)) 

35. Maria: This one stops, so Ð e. The biker stopped at e because it is on the zero on the 

distance  

36. Francis: The zero on the distance. 

37. Maria: You know Ð 

38. Francis: ItÕs a zero, itÕs on the zero distance. 

39. Maria: Is on the distance and time, and that is where e is. 

Another example illustrates the role of both the height and the length of a 

segment. During the first discussion sessions, Carlos and David responded to the written 

question ÒWhen did the biker make the most progress or cover the most distance?Ó by 

using only one dimension of segments a and c, comparing the relative lengths of the 

segments only in the horizontal dimension. They answered that the biker covered the 
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most distance in segments a and c, explaining their answer by saying that these two 

segments were the Òlongest linesÓ on the graph (C&D Session #1, lines 44-50). 

One way to understand Carlos and DavidÕs interpretations of segments a and c is 

that they were using a one-dimensional perspective of these segments and they 

interpreted length in the x-direction as distance rather than time (or, the graph as a speed-

time). This resulted in their interpreting segments a and c as covering the most distance 

and thus moving. Carlos and DavidÕs interpretation of segments a, c, e and g as when the 

biker was making the least progress (Excerpt 1) and later segments a, c, and g as Òslow 

and steady speedÓ (Excerpt 2) may also be examples of how a one-dimensional 

perspective of a horizontal segment can lead to a non-canonical interpretation. 

Although a one-dimensional perspective using only the length of a horizontal 

segment can lead to a non-canonical interpretation of the graph, at times a one-

dimensional perspective using only the length of a horizontal segment led to surprising 

(and convincing) arguments that align with a canonical interpretation of this graph. In 

Excerpt 4, Susan and Kristin reasoned that the biker made the least progress during the 

time interval represented by segment a because the biker had stopped for a longer period 

of time. This pair used the length of the horizontal segments (representing how long the 

biker had stopped) to refine the meaning of the question ÒWhen is the biker making the 

least progress or covering the least distance? How do you know?Ó Below we see how 

these two students used a one-dimensional perspective of the segments, comparing the 

lengths of the horizontal segments to explain why segment a represented making the least 

progress, less than the bikerÕs progress represented by the other segments. This example 

reminds us that using a one-dimensional perspective is not necessarily a mistake or 
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detrimental to interpreting the graph in canonical ways. In fact, a one-dimensional 

perspective may be useful when thinking about speed with this graph, as long as the 

length of the segment in the x-direction is interpreted to represent time (and not distance 

as in the example for Carlos and David). 

Excerpt 4 [S& K Session #2, 5:35 Ð 6:12] 

27. Susan: When is the biker making the least progress? 

28. Kristin: I think it's e. 

29. Susan: No, because that's -- she only stopped for a little while in e. 

30. Kristin: That's the least progress. 

31. Susan: Hold up, in part a, she ((unintelligible)) stop for the ((unintelligible)) 

32. Kristin: The least progress, covering the least distance. 

33. Susan: Which would be part a. 

34. Kristin: Why? 

35. Susan: Because she stops for like, let's say in part a, she stops for like an hour then in 

part e, she only stops for like ten minutes. What's the least progress, stopping for an hour 

or stopping for ten minutes? 

2. Role of the written text 

Students were simultaneously negotiating and coordinating the meaning of the 

segments on the graph as well as the meaning of the written text. Thus, the written 

questions also played an important role in mediating student interpretations. For example, 

in the discussion during Excerpts 1 and 2, we see that Carlos and David were not only 

interpreting the horizontal segments on the graph, they were also negotiating the meaning 

of the words in the written question such as Òsteady speed,Ó Òmost progress,Ó and Òleast 
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progress.Ó In particular, the written text mediated studentsÕ interpretations of the 

horizontal segments through the form of the questions and the placement of each written 

question in the sequence of questions.  

The placement of the questions in the sequence of questions mediated the length 

of the discussions. The first few questions elicited longer discussions as the pairs 

negotiated the goals of the problem, the meaning of the written questions, and their 

interpretations of the graph. Questions placed early in the problem such as Question 2 

(ÒWhen is the biker making the most progress or covering the most distance?Ó) elicited 

longer discussions (in terms of time spent on each question and number of words/turns 

during the discussion) than questions that appeared later in the problem, such as Question 

9 (ÒWhat is happening at d?Ó). Most pairs answered Question 9 with little discussion, and 

no pair spent more than one minute on this question, a marked contrast from the extended 

discussions student had in response to Question 2. 

In this section we consider how the form of the written question (whether a 

question asked students to generate a story, consider Òwhen,Ó or consider a particular 

segment) and the placement of the questions in the sequence of questions mediated 

student interpretations. 

As mentioned earlier, there was only one utterance where one pair seemed to 

imply that segment e represented moving (as noted in Table 1). Below is the excerpt 

where this utterance occurred and examine how the form and placement of the written 

question may have constrained or afforded this one instance of an interpretation of 

segment e as not moving. 

Excerpt 5 [F& M Session #2, 0:30-2:30] 
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Written Question: This graph shows the distance a biker went during a bike trip. Tell the 

story of this bike trip. What happened during the trip? 

7. Francis: Okay. Well, for the a line, the line is straight, so they probably didnÕt go 

anywhere. In b, they Ð or, well, the person Ð b the person went, like, not too fast. They 

went somewhere. c they didnÕt go anywhere because itÕs a straight line, and d is a very 

steep line going down, sort of how they went Ð I have no idea. And then e, they went 

nowhere. f they went very fast, g they stopped. I donÕt know. 

8. Maria: I think that in a, they went in a steady pace, they stopped. Then they went 

faster, then at c they went in the same pace. And at d Ð 

9. Francis: But how can you, like, go less than stopping? 

10. Maria: What do you mean? 

11. Francis: Because a, itÕs, like, stopping, theyÕre not going anywhere. d Ð 

12. Maria: No, but I said that they were going Ð 

13. Francis: Oh, that they were going slow? 

14. Maria: Yes, and that this point right there where Ð this point right there where it 

divides a and b, I said that they stopped there. And then after. . . they went, and they Ð I 

donÕt know Ð they either, like, went faster and here Ð they went the same pace. And I 

donÕt know what happened in d. In e, they went really slow. f they- 

15. Francis: Maybe d they went really, really slow. 

16. Maria: Yes, this went down. And f, and the pace went slow, and g is the same pace. 

Although this was the only instance where any pair interpreted segment e as 

ÒmovingÓ (or going Òreally slowÓ) and is an exception, it seems important to consider 

how the written text may have mediated this pairÕs interpretations of segment e. The 
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discussion in Excerpt 5 ensued while students attempted to generate a story about a biker 

that matches the graph (Question #1). One explanation is that student interpretations of 

the horizontal segments may have been different when answering one of the written 

questions about least/most progress than when generating a story about the imagined bike 

trip. Another explanation is that the placement of the questions in the sequence of 

questions mediated student interpretations. Since the excerpt above is the studentsÕ 

response to Question 1, this seems to be a plausible way to explain this pairÕs 

interpretation of segment e. 

3. Goals for activity 

The order and sequence of the questions, together with the pairsÕ understandings 

of the goals for this activity, mediated the studentsÕ shifting interpretations of the 

horizontal segments. Some students were hesitant to give the same answer for two 

different questions. In Excerpt 6 below, Carlos and David changed their answer to 

Question 3 (ÒWhen did the biker make the least progress or cover the least distance?Ó) 

based on their answer for the subsequent question in the task (ÒWhen did the biker 

stop?Ó). While the pair did not engage in an explicit discussion of their strategy, the 

excerpt below shows how they negotiated a shared understanding of the goals for the 

problem, treating it as a school-like quiz and assuming that different questions could not 

have the same answer. 

Excerpt 6 [C& D Session #1, 6:40- 8:12] 

Written Question #3: When did the biker make the least progress or cover the least 

distance? and Written Question #4: When did the biker stop? 
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52. Carlos: When is the biker making the least progress covering the right, the least 

distance? ((Reading the written question.)) 

53. David: The least?ÉH ow about here. ((Pointing to the graph.)) 

54. Carlos: Naw but he stopped here.  

55. David: Yea. 

56. Carlos: So he didnÕt, so he trave -, well he - because if he traveled the less distance - 

are they like the same height, the same angle down. 

57. David: It looks like it. 

58. Carlos: Because if they are, then they traveled the s- okay, let me just put - he 

traveled=  

59. David: (The least distance) 

60. Carlos: =the less distance at e. 

61. David: uh hmm At e. 

62. Carlos: ((Begins reading next question)) When does the biker s- oh, (laughter) we put 

it wrong. ((erases previous answer)) 

63. David: how about at (d or) b 

64. Carlos: No, because yes, it seems like b. b, yes. ((Re-reads next question)) When does 

the biker stop? Why? I donÕt know. 

65. David: He stopped on e because he need to eat. 

66. Carlos: He - - hold on - - he stop at  

67. David: He needed something to eat. 

68. Carlos: at e because he wanted to go to McDonaldÕs. 

69. David: No, Burger King. (laughs) 
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This excerpt shows how the placement of the question in the sequence of 

questions and the pairÕs goals, mediated this pairÕs shifting interpretations. Carlos 

appeared to be confused since applying his reasoning about slope led to two consecutive 

questions in the problem having the same answer. His assumption that a repeated 

question signals an incorrect answer reflects a form of school-based reasoning 

(Walkerdine, 1988). Hence, Carlos changed his interpretation of the horizontal segments 

in order to match his understanding of the goals for the task. 

The boysÕ responses in this excerpt bring to mind the common strategy in school-

based question and answer discussions where a teacher will re-state a question when he 

or she does not receive the expected response (Walkerdine, 1988). Students are then 

expected to recognize that a teacherÕs repeated question is an implicit demand for an 

answer different from the first answer that was given. Here, Carlos and David appeared to 

respond to Question 4 as if it were a teacherÕs repeated question: they implicitly treat 

each question in the task as if it has a unique answer, and therefore they change their 

answer to the third question based on the taken-as-shared understanding that Questions 

three and four cannot have the exact same answerviii. 

Discussion 

In this study of studentsÕ interpretations of a graph of everyday motion we found 

that students interpreted horizontal segments in canonical and non-canonical ways, that 

students shifted in their interpretations (except that pairs consistently interpreted segment 

e located on the x-axis as not moving), and that problem context mediated student 

interpretations. In this section we discuss these findings in relation to prior research on 

how student conceptions change, how students understand slope and rate, how problem 
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context mediates student interpretations, *[ and how perspectives on graphs mediate 

student interpretations of these graphs]. 

We are not the first to notice that people who are solving mathematics problems 

change their responses and may try to reconcile changing and even contradictory 

interpretations of inscriptions in response to a challenging problem. Two examples of 

studies that documented such changing approaches to a problem are ClementÕs (1982) 

study and PiagetÕs (1975/1985) work. Clement documented college students attempting 

to reconcile contradictory interpretations of the infamous Òstudents and professorsÓ 

problem as they translated verbal sentences into algebraic equations. Clement identified 

three strategies students used and described how Òverbal matchingÓ and Òstatic 

comparativeÓ strategies led to a reversal error in writing algebraic equations, while 

participants adopting the ÒoperativeÓ strategy were able to solve the problem 

successfully. Clement attributed the first two flawed strategies to either verbal 

misconceptions (i.e. treating variables as labels) or spatial misconceptions (i.e. picturing 

more members in one group than the other, and therefore putting the larger coefficient in 

front of that groupÕs variable). He also described how these misconceptions require 

replacement with properly formed internal "conceptual schemas" (i.e. treating equations 

as a balance). Clement described studentÕs internal schema as both "resilient" and "deep-

seated" (pp. 17-18) yet also presented evidence that many participants in his study 

"shifted" between at least two of the three identified strategies while solving the problem. 

According to Clement, the practice of shifting between cognitive schemes can be 

problematic because students exhibiting this behavior are not consciously aware of the 

inconsistencies associated with different and sometimes contradictory approaches they 
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are using. Thus, Clement concluded that "inconsistent, semiautonomous schemes may be 

an important factor in a wide variety of educational problems" (p.28).  

Piaget (Piaget, 1975/1985) also took an interest in what appeared to be moments 

of cognitive conflict. However, unlike Clement, who argued that inconsistent schemes are 

generally disruptive and problematic for problem solvers, Piaget considered the 

contradictions he observed during problem solving activity to be critical for the 

development of new understandings. Piaget described a developmental process where 

thinkers move from one state of conceptual stability -- or cognitive ÒequilibriumÓ-- to a 

Òqualitatively different state of equilibriumÓ (*p. 14), where this iterative process of Òre-

equilibrationÓ is possible only by way of multiple instances of Òdisequilibria.Ó According 

to Piaget, although contradictory rationales and equivocal behaviors do not necessarily 

result in newly equilibrated forms, when re-equilibration does occur, it is typically 

preceded by evidence of multiple contradictions and/or equivocations. Piaget was 

convinced that Òdisequilibria and conflictÓ were crucial for triggering development. At 

the same time however, he observed that the ÒfecundityÓ of these disturbances Òis 

measured in terms of the possibility of overcoming or escaping from themÓ (p.7). Other 

influential ideas about how periods of uncertainty have the potential to generate new 

learning, including Dewey's (1933) notion of "reflective thinking", Festinger's (1957) 

theory of "cognitive dissonance", and Berlyne's (1960) theory of "conceptual conflict" are 

rooted in Piaget's theory of equilibration (for a review see Zaslavsky, 2005).  

The findings from this study support a view that efforts to reconcile competing 

interpretations can serve as productive learning opportunities. The transcripts and written 

work we analyzed for each of the four student pairs document multiple moments of 
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ÒdisequilibriaÓ (i.e. students shifting between interpretations of a horizontal segment as 

moving and not moving, followed by evidence of emerging Òre-equilibrationÓ (i.e. more 

consistent interpretations of a horizontal segment as not moving). *We can see in Table 1 

that responses were relatively more stable for all four horizontal segments during the 

second discussion session seen in Table 1 and this suggests emerging re-equilibration. 

Smith, DiSessa, and Rochelle (1993) argue for a transformation of the 

Òmisconceptions modelÓ as exemplified in the early work by Clement, suggesting instead 

that studentsÕ early conceptions should be treated as a resource for building more robust 

understandings. We agree that a focus on misconceptions misses the point that all 

conceptions contain seeds that may grow into deep understanding (Chiu, Kessel, 

Moschkovich, & Mu–oz-Nu–ez, 2001; J.N. Moschkovich, 1999). The misconceptions 

approach also treats student conceptions as staticÑ they are either right or wrong, existent 

or non-existent. In contrast, this study provides evidence that student interpretations were 

mediated by problem contexts and shows how multiple semiotic systems mediate these 

interpretations. 

While the problem in our study did not explicitly ask students to find the slope of 

each line segment, in a number of ways our findings parallel (pun intended) those 

described by Lobato and her colleagues (2002 and 2003) and Thompson & Thompson 

(1994 and 1996). Lobato and colleaguesÕ work on how students understand slope 

emphasized that a primary challenge for students in algebra is learning to ÒseeÓ the slope 

of a line as a single measure expressed as a proportional relationship between two 

quantities (Lobato, Ellis, & Mu–oz, 2003; Lobato & Siebert, 2002; Lobato & Thanheiser, 

2002). Thompson & ThompsonÕs work analyzed how students learn about rates, and the 
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connections between ratios, rates, proportional reasoning, and treating intensive 

quantities as a measure (A. G. Thompson & Thompson, 1996; P. W. Thompson, 1994; P. 

W. Thompson & Thompson, 1994). Thompson showed that many students initially treat 

a rate such as speed as a distance, and they solve problems involving speed, distance, and 

time (i.e. Òhow long will it take to travel 100 meters at a speed of 40 m/s?Ó) by 

quotatively dividing a given distance into speed-lengths. (Note that converting a speed 

(rate) into a distance transforms the problem from a two-dimensional proportional 

reasoning task into a one-dimensional arithmetic task). This one-dimensional treatment of 

an intensive quantity is also pivotal in Lobato & ThanheiserÕs study (2002), where 

students were asked to develop a measurement for the slope of various ramps. Lobato and 

Thanheiser found that students frequently used the angle of inclination, or the slant length 

of the ramp to measure the incline, rather than using the slope. Both measures, the angle 

and the slant length, are one-dimensional measurements of the ramp situation. Likewise, 

in Lobato, Ellis, and Mu–oz (2003), the students who were trying to find a slope given a 

table of linear function values often used a one-dimensional difference for the measure of 

the slope while deriving the equation of a line. Lobato et al (2003) described how 

students learned to focus on particular actions (such as using the difference to find the 

value of m in the equation y = mx + b) and used one-dimensional differences in place of 

the ratio between differences. 

Lobato et al.Õs work documented studentsÕ one-dimensional interpretations of 

slope in graphs and real-life situations. Several pairs in our study used only the height or 

length of a segment to compare segments, thus using/adopting a one-dimensional 

perspective of the segments. A one-dimensional perspective of the segments was 
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reflected in some inferences about the horizontal segments that were based only on the 

height or length of a particular horizontal segment. For example, in Excerpt 3 Francis and 

Maria used only the height of the horizontal segments to determine when the biker had 

stopped. During session #1 (lines 44-50, no excerpt provided), Carlos and David used 

only one dimension of segments a and g (their length in the x-direction) to answer a 

question about when the biker made the most progress.  

Our analysis suggests that these students shifted between one- and two-

dimensional perspectives of the segments and that a one-dimensional perspective was not 

always detrimental to interpreting or explaining the meaning of the segments. A one-

dimensional perspective did not always lead to inaccurate conclusions, and in one case, 

such a one-dimensional perspective on the horizontal segments led to a sophisticated (and 

unexpected) answer to the question about when the biker made the least progress. SusanÕs 

use of only the length of each horizontal segment in Excerpt 3 allowed her to make an 

argument for when the biker made the least progress based on the amount of time the 

biker stayed in one place. *[ this may need to be said earlier?] Susan and Kristin are an 

example of a pair who flexibly moved between one- and two-dimensional perspectives of 

the horizontal segments. They consistently interpreted segments a, c, e, and g as 

representing not moving even though the various segments were different heights and 

lengths. What is crucial is that their one-dimensional perspective of segments was 

coupled with an interpretation of length interval in the x-direction as representing time, 

not distance, as was the case for other student interpretations. Finally, studentsÕ consistent 

interpretation of segment e across pairs and sessions is likely due to the location of 
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segment e, since either one- or two-dimensional perspectives can lead to interpreting 

segment e as representing not moving. 

Like Lobato et al., we found that students tended to focus on absolute, one-

dimensional quantities (height or length) rather than the proportional quantity of slope. 

However, we also see how a one-dimensional perspective can be, at times, a productive 

way to focus on the graph for this activity. In the questions about Òmost distanceÓ 

students  were asked to focus on the time interval that created the greatest vertical 

change, without regard to slope. Thus, we do not conclude that students must learn to 

move from an  incorrect focus on one-dimensional perspective to the correct, two-

dimensional perspective. Rather, we contend that learning to work with 

distance/speed/time graphs is a matter of  learning to move flexibly among multiple ways 

of interpreting the graph, seeing both proportional slope relationships, as well as (one-

dimensional) displacement. 

The problem used in our study included written questions that asked students to 

Òread the graphÓ as well as questions that required students to Òread between the graphÓ 

(Friel, Curcio, & Bright, 2001). For example, the questions about particular segments 

(such as Question #11 ÒWhat is happening at c?Ó) call for the students to read data in the 

graph. On the other hand, questions such as Question #7, ÒWhen is the biker going the 

fastest speed?Ó required the students to identify that the speed is represented in the 

(absolute value of the) slope of each segment, and then compare the slopes of the 

segments to identify which one had the greatest slope. Question #1, which asked the 

students to tell a story about the graph, appears to be a question that required the students 

to Òread beyondÓ the graph, and connect the representation of motion in the graph to a 
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Òreal-life story.Ó Friel, Curcio & BrightÕs theory of graph-reading tasks complements our 

analysis of one- and two- dimensional perspectives of this graph. 

We argue that the problem context also mediated studentsÕ interpretations of the 

graph through the role of the written questions, in particular the form and the placement 

of a question and the studentsÕ goals. Some of the studentsÕ shifting between 

contradictory interpretations should be understood in light of these aspects of the problem 

context. For example, in Excerpt 4, Carlos and David appeared to interpret this 

problem as a ÒmatchingÓ problem and assumed that the answer to Questions 3 and 4 

could not be the same. Therefore, when they had to answer a question for when the biker 

stopped (Question #4), they changed their answer about when the biker covered the least 

distance (Question #3) in order to make their responses match. In many ways, this is 

analogous to WalkerdineÕs finding (1988) that children reversed their answers to a 

question when it was asked twice during a clinical interview. Walkerdine attributed this 

to the pattern of traditional classroom discourse, where a teacher often repeats the same 

question after an incorrect answer in the response slot of the IRE sequence (Mehan, 

1979). In this case, the students appeared to be using a ÒmatchingÓ strategy to work their 

way through written questions rather than responding to a repeated verbal question from 

the authoritative interviewer. Yet, the resultÑ reversed answers and apparent doubt are 

the same. 

Conclusions 

*[ In closing, we briefly mention how an analysis of shifting interpretations and 

flexible perspectives can illuminate the complexity of advanced mathematical thinking 
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problems.  As an example, consider this question from a released version of the AP 

Calculus exam: 

 

An analysis of this problem indicates that, like the problem students discussed in this 

study, this problem requires that students flexibly shift between multiple perspectives of 

the graph in order to answer each question successfully. Part (a) asks the students to Òread 

the graphÓ and observe that since the acceleration is positive at t = 2, the velocity of the 

car was increasing at time t = 2. Part (b) requires that students Òread between the graphÓ 

and find the time when the accumulated positive acceleration was canceled out by 

negative accelerationÑ at t = 12 seconds. Part (c) demands first  a focus on the 

acceleration as the derivative of the velocity function, and identifying the time of 

maximum velocity to be located at t = 6, when the derivative function has a zero (and is 

positive to the left and negative to the right). Additionally, part (c) requires the students 

to make a global comparison, and to verify that neither endpoint represented the time of 

maximum velocity. Finally, part (d) requires students to read between all intervals on the 

graph, and identify if the accumulation function given by 

! 

v(t) = a(t)
0

18

"  dt + 55 never 

equals zero. This brief exegesis of an AP calculus problem illustrates how developing and 
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flexibly moving between multiple interpretations and perspectives is key to coordinate 

multiple resources for interpreting graphs. ] 
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Deleted paragraph on Òjoint focus of attentionÓ 

Moschkovich (2004) presents an analysis of Òjoint focus of attentionÓ of a student and a 

tutor working on connecting algebraic equations of lines to graphs. To explain how the 

student learned to connect the two representations of a line by appropriating the tutorÕs 

perspective on the task, Moschkovich, building on RogoffÕs (1990) use of Òjoint focus on 

attentionÓ and Òappropriation,Ó introduced the concept of Òjoint focus of attentionÓ to 

describe the details of appropriation. One of MoschkovichÕs claims is that for this 

student, learning entailed appropriating some of the goals, meanings for utterances, and 

ways to focus attention that the tutor brought to the interactions. In this analysis, 

Moschkovich showed how the student came to align her focus of attention with the focus 

of attention of  the tutor. For example, when working with a tutor, the student initially 

ÒsawÓ changing the value of b in the equation y = mx+b as causing a horizontal shift in 

the graph. The tutor, in contrast focused on how changing the value of b led to a vertical 

shift. ]. 

Deleted paragraph: 

*[ Students were using the labels for segments in multiple ways. During Excerpt 5, 

Maria appeared to use the labels for segments sometimes to refer to the end points and 

other times to refer to the interval between end points. In line 14 Maria seemed to claim 

that segment e represented the biker going Òreally slow.Ó It is difficult to interpret this 

claim because it is unclear whether Maria was referring to the endpoints or intervals 

when using the labels. She argued that the horizontal segments represent going at a 

Òsteady paceÓ and that the ÒcornersÓ or endpoints are the places where the biker stopped. 

This Òendpoint-intervalÓ confusion was not a persistent interpretation for this pair (or for 
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other pairs). The other three pairs (and eventually also this pair) used the labels of the 

segments to refer to intervals rather than endpoints]. 
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Table 1 

Interpretations of Horizontal Segments by Pairs 

Number of pairs with at least one utterance coded as moving or not moving 

Session 1 Session 2 

Segment Moving Not Moving Moving Not Moving 

     

a 4 3 2 4 

c 4 3 2 4 

e 0 4 1 4 

g 2 2 2 4 

 

 

Note: The numbers represent the number of pairs (out of four) that interpreted each 

segment as moving or not moving at least once during a session. 
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Figure 1: The problem students discussed in pairs. 

 
1) This graph shows the distance a 
biker went during a bike trip. Tell the 
story of this bike trip. What happened 
during the trip? 
2) When is the biker making the most 
progress or covering the most 
distance? How do you know? 
 

3) When is the biker making the least 
progress or covering the least distance? 
How do you know? 
4) When does the biker stop? How do you 
know? 
5) When is the biker going at a slow and 
steady speed? How do you know? 
6) When is the biker going at a fast and 
steady speed? How do you know? 
7) When is the biker going at the fastest 
speed? How do you know? 
8) When is the biker going at the slowest 
speed? How do you know? 
9) What is happening at d? 
10) What is happening at f? 
11) What is happening at c? 
 

 

This problem was designed by J. Moschkovich using a graph adapted from Investigations 

(TERC, 4th grade, Graphs) and questions used in this classroomÕs text/unit from 

Connected Mathematics Project *( reference here). 

* Insert Spanish translation? 
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Figure 2 

A transactional model of discoursing in an activity system (taken from Wells 2006) 
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i These definitions are parallel to but different from LaveÕs definitions of arena, setting, 

and context.  In particular, Lave uses the term ÒarenaÓ to refer to what we call setting, and 

the term ÒsettingÓ in a different sense than we intend, defining setting as the Òrepeatedly 

experienced, personally ordered and edited versionÓ (Lave, 1988, p. 151) of an arena. We 

use context in the same sense that Lave does, to refer not to a single entity, such as a 

place, but to Òan identifiable, durable framework for activity, with properties that 

transcend the experience of individuals, exist prior to them, and are entirely beyond their 

control. On the other hand, context is experienced differently by different individuals 

(Lave, 1988, p. 151).Ó 
 
ii While the student pairs worked together on the task, the third author observed silently 

and then asked follow-up questions in order to clarify student responses and understand 

studentsÕ assumptions about the goals of the task. Since this study focuses on the 

meanings generated by the students during their peer discussions, our analysis is 

restricted to the part of each discussion session where the students worked collaboratively 

on the given task without input (beyond clarifying directions) from the researcher. 
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iii In this school there was a two-way bilingual program for Grades K-6. These students 

were in a bilingual 8th grade mathematics classroom in that not only the teacher but also 

many students used both Spanish and English during classroom lessons and small group 

work. The questions were provided in both Spanish and English. This study reports on 

the student pairs who used mostly English during the peer discussions. We are continuing 

the analysis of the discussions for one pair who spoke Spanish during the discussions. 

iv Students in the school were approximately one-third Latino, one-third White, and one-

third African American. Sixty-one percent of the students in the school were low income 

(eligible for free or reduced school lunch). Eighth-graders in this school scored in the 

41st percentile of the California Achievement Test in Reading and in the 33rd percentile 

in mathematics. In the 7th and 8th grades the students in the bilingual program had some 

classes, including mathematics, together, but these classes were not conducted as dual 

immersion classes after the 6th grade. This class was conducted mostly in English, with 

some discussions and explanations in Spanish. The teacher used Spanish mostly when 

addressing students who were Spanish dominant. Some students spoke mainly English, 

some students used both languages, and some students spoke mainly in Spanish. 

v The present study reports on the peer-discussion sessions. The classroom data are 

analyzed elsewhere (Moschkovich, in press). 

vi With the exception of one utterance by one pair. 

vii These transcripts are based on JeffersonÕs conventions as described in Schiffrin (1994). 

Line numbers are taken the original transcripts. Uncertain transcription is enclosed with 

(single parenthesis). Comments and gestures are enclosed in ((double parenthesis)). Self-

interruption or sudden pauses in the middle of a turn are shown with Ò-Ò , and Ò=Ó 
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denotes latched phrases. The names of segments from the graph are italicized to 

distinguish them from surrounding text. 

viii We note that the imagined story played a role in this pairÕs responses to the question 

Òwhy?Ó (see lines 64-69) which they interpreted to be asking about the reasons why the 

biker stopped, rather than why they thought this was the answer. The question (ÒWhy?Ó 

was subsequently changed to ÒHow do you know?Ó 

 


