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While computing technologies are widely available in secondary schools, these technologies have had only 
limited impact on changing classroom practices. Partly, this can be attributed to an underdeveloped 
understanding of the role of the teacher in engaging in classroom practices that can support student 
learning with technology. In this study, we analyzed the teaching practices that supported students’ 
learning of a conceptually rich and deep topic (the average rate of change) when using an exploratory 
computer simulation environment. The results illustrate the demands placed on teachers when faced with 
the multiplicity of student ideas generated by their interactions with the simulation and three aspects of a 
teaching practice in response to those demands. These findings contribute to evolving frameworks for 
understanding meaningful and productive technology use in teaching secondary mathematics. 

.eyZords� 7eacher .noZledge� 7echnology� Modeling� Advanced Mathematical 7hinNing 
 
2ver the past three decades, mXch research has focXsed on the potential for compXting technology to 

impact .±16 mathematics edXcation. Graphing calcXlators, internet access, and �most recently� interactive 
Zhiteboards are noZ Zidely available in secondary schools and colleges. %Xt the Zidespread availability 
of compXting technology has had only limited impact in maNing the Ninds of changes to classroom 
practices envisioned by research. While many factors contribXte to the sXccessfXl adoption of any 
technology, one crXcial factor in any Nind of change to classroom practices is the teacher �GodZin 	 
SXtherland, 2004� 5Xthven, Deaney, 	 +ennessy, 2009�. An Xnderlying assXmption of this stXdy is that 
oXr Xnderstanding of the role of the teacher in sXpporting learning Zith compXting technologies is 
Xnderdeveloped. 

7he need to Xnderstand the relationship betZeen pedagogy and stXdent learning Zith technology Zas 
identified in the early 1990s by +oyles and 1oss �1992� as they observed ³the inescapable and perhaps 
Xnpalatable fact that simply by interacting Zith an environment, children are XnliNely to come to 
appreciate the mathematics Zhich lies behind its pedagogical intent´ �p. 31�� they also noted the sparseness 
of research that addresses the natXre of pedagogies that can sXpport stXdent learning Zith compXter 
environments. More recently, 5Xthven and colleagXes have noted that the teaching practices associated 
Zith the Zidespread Xse of graphing technology have received relatively little attention from researchers 
�5Xthven et al., 2009�. 5Xthven et al. argXe for the development of teachers¶ craft NnoZledge to sXpport 
their classroom Xse of technology. 7his perspective is in contrast to a less sitXated approach to teachers¶ 
NnoZledge that is characteri]ed by the 7PAC. �technological pedagogical content NnoZledge� constrXct 
�Mishra 	 .oehler, 2006� 1eiss, 2005�. 

7he larger goal of this stXdy is to contribXte to the development of a model of teaching practices that 
sXpport stXdent learning Zith e[ploratory compXter simXlations. 7o that end, Ze investigated the teaching 
in a pre�college classroom setting Zhere the stXdents Xsed a compXter simXlation to stXdy of the average 
rate of change, a traditionally difficXlt, yet conceptXally rich and foXndational topic in mathematics. 2Xr 
stXdy Zas gXided by the folloZing TXestion� Zhat Zas the natXre of the teaching practices that sXpported 
stXdents¶ learning of average rate of change Zhen Xsing an e[ploratory compXter simXlation" 

Theoretical Background 

MXch recent ZorN on the relationship betZeen teaching practices and technology has draZn on the 
7PAC. model, often e[amining the preparation of teachers or the professional development of in�service 
teachers �e.g., %oZers 	 Stephen, 2011� 1eiss, 2005�. +oZever, Graham �2011� and others have critici]ed 
the 7PAC. model for lacNing clear theoretical distinctions betZeen the elements of the model, a lacN of 
precision in definitions, and difficXlties in discriminating betZeen the proposed constrXcts of 
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³technological content NnoZledge´ and ³technological NnoZledge.´ 7he fX]]iness at the boXndaries of the 
7PAC. model may call into TXestion the e[istence of the proposed constrXcts or it may simply point to 
the need for empirical ZorN on teaching practices that can inform revisions and clarity Zithin the model. 
2Xr pXrpose in this paper is not to critiTXe the 7PAC. model, bXt rather to stXdy teaching practices to 
better Xnderstand the role of the teacher Zhen Xsing compXter technology, in particXlar an e[ploratory 
compXter simXlation. As +oyles and 1oss sXggested in 1992, sXch a pedagogy ZoXld inclXde introdXcing 
a mathematical agenda, a progressive seTXence of compXter tasNs, related paper�and�pencil ZorN and class 
discXssions of compXter�based ZorN, and small groXp activities to bring together compXter and non�
compXter ZorN. 5Xthven and colleagXes �2009� argXe that, Zhen Xsing graphing softZare, the teacher 
plays a fXndamental role in maNing the mathematical relationships meaningfXl for stXdents by sXpporting 
the mathematical interpretation of the technology�based representations. 2Xr goal in this stXdy is to 
contribXte to a clearer Xnderstanding of the natXre of teaching practices Zith compXter technology, 
particXlarly as stXdents come to Xnderstand the concept of average rate of change.  

2ver the last tZenty years, researchers have docXmented the difficXlties that stXdents encoXnter in 
learning to interpret models of changing phenomena �Carlson et al., 2002� 7hompson, 1994�. ,n this paper, 
Ze draZ on a modeling approach to stXdent learning that .aiser and Sriraman �2006� identify as a 
³conte[tXal modelling´ perspective. 7his perspective emphasi]es the design of activities that motivate 
stXdents to develop the mathematics needed to maNe sense of meaningfXl sitXations. MXch ZorN done 
Zithin this perspective draZs on model eliciting activities developed by /esh and colleagXes �e.g., /esh 	 
=aZoMeZsNi, 2007�. SXch activities confront the stXdent Zith the need to develop a model that can be Xsed 
to describe, e[plain or predict the behavior of familiar or meaningfXl sitXations. Considerably less research 
has focXsed on model e[ploration activities, Zhere stXdents e[plore the mathematical characteristics of the 
model. ,n this paper, Ze focXs on a set of model e[ploration activities Xsing a compXter simXlation 
environment, accompanied by stXdent presentations and teacher�led discXssions that focXsed on the 
Xnderlying strXctXre of the model, on the strengths of varioXs representations, and on Zays of Xsing 
representations prodXctively. 7hXs, for this stXdy, Ze designed an instrXctional seTXence that began Zith a 
modeling activity to elicit the constrXct of average rate of change, folloZed by model e[ploration tasNs that 
e[amined the Xnderlying mathematical strXctXre and its representations. 7he focXs of this stXdy is on the 
role of the teacher in facilitating stXdent presentations and leading class discXssions that sXpport stXdents¶ 
Xnderstandings of hoZ to represent the average rate of change. 

Research Design and Methodology 

7his stXdy Xsed design�based research as an approach to stXdying teaching and learning as it occXrs 
Zithin the comple[ity of a natXralistic classroom setting �Cobb et al., 2003�. 7his approach is intended to 
generate principles of practice, in this case related to teaching Zith compXter simXlations. We draZ on the 
mXlti�tiered design e[periment �/esh 	 .elly, 2000�, Zhich provides a frameZorN for collecting and 
interpreting data at the researcher level, the teacher level and the stXdent level. Central to oXr analytic 
approach is the notion that, as researchers, Ze e[amine the teacher¶s actions in the classroom and her 
interpretations of those actions, Zhich are in tXrn inflXenced by the stXdents¶ interactions Zith the tasNs in 
the simXlation environment. 7he researchers and the teacher �the third aXthor� collaboratively developed 
the tasNs that Zere designed to sXpport stXdents in Xnderstanding the concept of average rate of change. 

Simulation Environment and Task Design 

We began the instrXctional seTXence Zith a model�eliciting activity, Xsing the physical sitXation of 
motion along a straight line. StXdents created graphs Xsing their oZn bodily motion and a motion detector 
and Zrote verbal descriptions of that motion. 7his inclXded comparative sitXations of faster and sloZer 
constant speed, changing speed and changing direction. FolloZing the model�eliciting activity, the stXdents 
engaged in a seTXence of model e[ploration tasNs. 7hese tasNs Zere designed to help stXdents to thinN 
aboXt the Xnderlying strXctXre of the model of constant and non�constant motion. An important goal of 
these tasNs Zas to engage stXdents in Xsing informal and formal langXage to describe the average rate of 
change and to develop their Xnderstanding of the representational systems for describing change. As 
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argXed earlier, this brings Zith it a concomitant role for the teacher in Xsing instrXctional strategies that 
Zill sXpport stXdents in interpreting the mathematical relationships intended in the tasNs and instantiated in 
the compXter environment. 

7he model e[ploration tasNs Xsed SimCalc MathZorlds �.apXt 	 5oschelle, 1996�. 7his compXter 
simXlation environment Zas designed aroXnd the conte[t of one�dimensional motion to e[plore the 
relationship among position, velocity and acceleration, the connections betZeen variable rates and 
accXmXlation, and an Xnderstanding of mean valXes. 7he drag�and�drop environment maNes Xse of 
pieceZise linear fXnctions to create position or velocity graphs� these graphs drive the one�dimensional 
motion of cartoon�liNe characters in the linNed WalNingWorld. 7he MathWorlds environment reversed and 
e[tended the representational space of the model�eliciting activity Zith the motion detector Zhere bodily 
motion created a position graph� in the simXlation environment, the stXdents created velocity graphs that 
generated the cybernetic motion of a character. From the simXlated motion, the stXdents created position 
graphs, thXs developing an Xnderstanding of hoZ the position graph coXld be constrXcted by calcXlating 
the area betZeen the velocity graph and the x�a[is. ,n e[ploring this linNed relationship among the 
characters¶ motion, the velocity graph and the position graph, stXdents began to reason aboXt the position 
of characters solely from information aboXt the velocity of the characters. 7his model e[ploration tasN 
provided an opportXnity for stXdents to develop their abilities to interpret position information from a 
velocity graph and velocity information from a position graph. SXbseTXent model e[ploration tasNs 
introdXced the concepts of average velocity, negative velocities, linearly increasing and decreasing 
velocities and their associated position graphs.  

Context and Participants 

7he seTXence of model e[ploration tasNs Zas part of a larger set of modeling tasNs that formed the 
basis for a si[�ZeeN coXrse for stXdents Zho Zere preparing to enter their Xniversity stXdies. 7he teacher 
and the first aXthor collaborated in the development of the entire set of tasNs for the coXrse. 7he teacher 
had three years of e[perience teaching secondary and college stXdents� this Zas her second year teaching 
the sXmmer coXrse. 7here Zere 17 stXdents in the coXrse all of Zhom volXnteered to participate in the 
stXdy. 7hree of the participants Zere female and 14 Zere male. All participants had completed foXr years 
of stXdy of high school mathematics� 11 stXdents had stXdied calcXlXs in high school and si[ had not 
stXdied any calcXlXs. 7he model e[ploration tasNs Zere done individXally at a compXter� hoZever, the 
participants Zere encoXraged to discXss their ZorN Zith each other. FolloZing each tasN in the seTXence, 
there Zas a Zhole�class discXssion that XsXally involved stXdents in presenting the resXlts of the ZorN 
prodXced dXring the model e[ploration tasNs. 7he class discXssion folloZing these tasNs focXsed on the 
mathematical strXctXre of the model and on the relationships among different representational systems.  

Data Collection and Analysis 

Consistent Zith the methodology of mXlti�tiered design e[periments, data for this stXdy Zere collected 
at tZo levels� the level of the teacher and the level of the stXdents. 7he data soXrces at the teacher level 
inclXded videotapes of all class sessions, Zritten field notes and memos, class materials sXch as ZorNsheets 
and a record of board ZorN, the teacher¶s lesson plans and annotations made by the teacher dXring the 
lesson. FolloZing each lesson, there Zas a debriefing session Zith the teacher, Zhich captXred the 
teacher¶s reflections on the lesson and any changes to the plans for sXbseTXent lessons. 7hese debriefing 
sessions Zere aXdio�taped and transcribed. 7he model e[ploration activities Zith the simXlation Zorld tooN 
place over a total of si[ lessons� each lesson lasted one hoXr and 50 minXtes. Central to oXr analytic 
approach is the notion that as researchers Ze e[amine the teacher¶s descriptions, interpretations, and 
analyses of artifacts of practice that Zere developed, e[amined and refined dXring oXr collaborative ZorN 
on the design and teaching of these si[ lessons. ,n this paper, Ze only report on the analysis of the teacher 
level data, althoXgh Ze acNnoZledge that this analysis Zas inflXenced by the data at the stXdent level. 

7he analysis of the data tooN place in three phases. Consistent Zith the iterative approach of design�
based research, the first phase of analysis tooN place dXring the si[ ZeeNs of teaching. ,n this phase, the 
research team met Zith the teacher and regXlarly engaged in discXssion aboXt the model e[ploration tasNs, 
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the progress of the class as a Zhole, and oXr observations aboXt stXdents¶ thinNing aboXt average rate of 
change and their langXage for e[pressing their ideas. Analytic memos Zere Zritten by members of the 
research team to docXment their emerging Xnderstandings of the teaching practices and observations aboXt 
stXdent learning.  

,n the second phase of the analysis, the research team vieZed the videotapes and Zrote a detailed script 
of each lesson, identifying the natXre of the teacher¶s activity in each segment of the lesson and its time�
stamp and dXration. FolloZing the principles of groXnded theory �StraXss 	 Corbin, 1998�, preliminary 
codes Zere developed to categori]e Zhat the teacher did in the classroom. DraZing on this analysis, the 
research team identified a set of appro[imately si[ to eight video segments Zithin each lesson that 
captXred recXrrent themes and for Zhich Ze Zanted the teacher¶s retrospective perspectives and 
interpretations. 7hese video segments Zere the basis for video stimXlated recall Zith the teacher and gave 
fXrther insights into the teaching practices from the perspective of the teacher. 7his in tXrn led to fXrther 
refinement of the coding scheme. ,n the third phase of the analysis, Ze coded the videotapes of the si[ 
lessons Xsing the revised coding scheme. As Ze analy]ed the teaching practices, Ze soXght confirming and 
disconfirming evidence in the teacher¶s lesson plans and annotations dXring the lesson, and Zith the 
teacher¶s perspective on the lesson from the de�briefing intervieZs and the post lesson video stimXlated 
recall. 7his led to the formXlation of the resXlts in three broad categories� �1� pressing stXdents for 
representations� �2� harvesting stXdent ideas� and �3� sorting oXt and refining stXdent ideas. ,n this paper, 
Ze report on the resXlts in the first category� pressing stXdents for representations. 

Results 

A representational press occXrs Zhen the teacher applies pressXre on stXdents for the pXrpose of 
fXrthering the stXdents¶ emerging Xnderstandings of the representations of average rate of change, Zhich in 
this case occXrred Zithin the compXter simXlation environment and in stXdents¶ related ZorN. 7his related 
ZorN coXld be any one of the forms of the folloZing representations� langXage �both Zritten and spoNen�� 
table� symbolic �sXch as fXnction notation and algebraic e[pressions�� iconic or graphical� and enactments 
�either cybernetically in the simXlation Zorld or bodily in the real physical Zorld�. We foXnd three 
categories of representational presses that the teacher engaged in� �1� e[plicitly inserting a representation 
into the discXssion to sXpport connections to other representations� �2� pressing the stXdents to give 
interpretations of their representations in terms of the conte[t of the tasN, Zhile articXlating argXments that 
MXstify their interpretations� and �3� pressing stXdents to Xse representations to clarify a sitXation or 
TXestion. DXe to space limitations, Ze report here only on the second and third categories. 

Interpreting Representations 

,n this episode, Ze illXstrate hoZ the teacher pressed the stXdents to give interpretations of their graphs 
in terms of the conte[t of the tasN Zhile articXlating argXments that ZoXld MXstify their interpretations. 7his 
episode occXrred in the foXrth day in the seTXence of the si[ lessons. 7he teacher led a Zhole class 
discXssion aboXt the characteristics of three different linear velocity graphs and their corresponding 
position graphs, Zhich had been the focXs of the tasNs Zith the simXlation environment. 7he three velocity 
graphs are shoZn in FigXre 1 and their corresponding position graphs are shoZn in FigXre 2. 
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   �a�         �b�          �c� 

Figure 1: Comparing three velocity graphs from the simulation environment 

 

      
   �a�      �b�       �c� 

Figure 2: Comparing the corresponding position graphs 

DXring the Zhole class discXssion, the teacher labeled the graphs on the blacNboard Zith the stXdents¶ 
verbal interpretations of the graphs. Graph �a� Zas described as constant velocity and constant speed� 
graph �b� Zas described as increasing velocity, increasing speed, and acceleration� and graph �c� Zas 
described as decreasing velocity, decreasing speed, and acceleration. 7he position graphs shoZn in FigXre 
2 Zere interpreted as� �a� linear, increasing position� �b� cXrved, accelerating, increasing position, ³ZalN 
sloZ then fast´� and �c� accelerating, increasing position, ³ZalN fast then sloZ.´ ,n the folloZing e[cerpt 
from the class discXssion, the teacher focXsed stXdents¶ attention on the velocity graph �c� in FigXre 1. ,n 
this e[change, Ze see the teacher pressing stXdents �1� for the Xse of appropriate langXage to describe the 
graph, �2� for maNing connections betZeen cybernetic and physical enactments, and �3� for Xnderstanding 
the meaning of the relationship betZeen a constant or linearly changing velocity graph and its associated 
position graph. 

1 Tchr: +oZ ZoXld yoX describe this motion here >graph �c� in FigXre 1@" 
2 Chris: Uhmm, it¶s deceleration >inaXdible@ 
3 Tchr: 2Nay, so Ze also have acceleration here, oNay, Xhmm, becaXse Zhy" 
4  >Several stXdents talNing@  
5 Tchr: %ecaXse Zhy" 
6 Chris� Umm, as the«becaXse the velocity is changing 
7 Tchr: Um, hoZ ZoXld yoX have to ZalN" ,f yoX Zere trying to match that graph from the third 

day Ze did Hiker >an earlier activity@" <oX¶re holding the motion detector. +oZ ZoXld 
yoX tell the person to ZalN" 

8 Quent: For Zhich one" >7eacher points to graph �c� in FigXre 1@  
9 Vic: <oX tell him to ZalN aZay from the censor� 
10 Quent: 5eal fast 
11 Tchr: 5eal fast 
12 Vic: And then sloZing doZn 
13 Tchr: And then sloZ« 2Nay.  
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7his episode began Zith the teacher pressing the stXdents to interpret the decreasing velocity graph 
from the simXlation environment and to verbali]e deceleration as changing velocity. ,n tXrn 7, the teacher 
pressed for a description of this changing velocity in terms of enacted physical motion. She invited the 
stXdents to describe an enactment of the motion in terms of a device �the motion detector� that coXld 
measXre and record the physical motion of a person ZalNing. ,n this Zay, the teacher engaged the stXdents 
in generating verbal descriptions of simXlated motion that Zere e[plicitly connected to physical motions 
that the stXdents had e[perienced earlier.  

Using Representations to Clarify Situations 

,n this episode, Ze illXstrate hoZ the teacher pressed a stXdent to insert a representation into an 
argXment so as to sXpport and clarify his reasoning aboXt a specific sitXation. 7he teacher had posed the 
folloZing TXestion to the class for homeZorN� ³,f tZo people taNe a ZalN and end together, have the same 
velocity throXghoXt the ZalN, then both mXst have ZalNed for the same amoXnt of time. 7rXe or false"´ 
7his tasN Zas designed Zith some intentional ambigXity aroXnd Zhat it means to ³have the same velocity´ 
that the stXdents ZoXld need to resolve in ansZering the TXestion. ,n the class discXssion the ne[t day, the 
teacher polled the stXdents and made pXblic the resXlt of the poll� all of the stXdents, e[cept one, thoXght 
that the claim in the posed TXestion Zas trXe. 7he teacher decided to hear aboXt the false argXment�  

1 Vic:  ,t says taNe a ZalN. ,t doesn¶t say that they started the same time, so one >person@ can have 
already been going at« that for a Zhile so« they coXld have«. at the same time so« /et¶s say 
>inaXdible@ one¶s going someZhat faster and the other one coXld be going someZhat sloZer, bXt 
the sloZer one started earlier« so they end together, at the same place at the same time« bXt« 
this does not seem, , mean« they had their oZn velocities, Xh for the ZalN« that is to say that, 
they both had the e[act same velocities. 

2 Tchr:  ,s this boXncing off of 9ic or neZ idea" >to -orge Zho is holding Xp his hand@ 
3 Jorge:  , have a neZ idea. Uh, it says that they ´have the same velocity´. ,f they didn¶t have the 

same velocity and one person Zas already ahead of the other then they ZoXld never end Xp at the 
same time. 

4 Tchr: Uh hXh 
5 Jorge: /iNe if tZo people are ZalNing at 4 meters per second ± hoZ are they gonna end Xp at the 

same place in the same amoXnt of time if one already started ZalNing. 
6 Tchr: So Zhat do yoX taNe ³same´ to mean" 
7 Jorge: 7hat« basically tZo people are ZalNing at the same time, and one ZalNs for a longer 

dist>ance@, for a longer amoXnt of time, then he¶ll ZalN more distance. 
8 Tchr: 2Nay. 
9 Vic:  Um 
10 Tchr: >7o Vic@ Do yoX have a rebXttle to that" 
11 Vic:  Uh hXh 
12 Tchr:  <oX Zant to argXe Zith that" 
13 Vic:  <es, Xm, that¶s still not taNing into accoXnt that someone coXld have already been ahead of 

the other >person@. %Xt going into, the velocity, Xm, bXt it¶s still, maNing the velocity constant. ,t 
isn¶t saying that it has, that is, that it has to have the e[act same velocity. ,t says ´have the same 
velocity throXghoXt the ZalN.´ 7hat coXld mean anything. 7hat coXld even MXst mean constant 
velocity. 

,n the first tXrn, 9ic offers the argXment that the ³same´ velocity means that the ZalNers each had their 
oZn ³same´ constant velocity throXghoXt the ZalN. %Xt, in tXrn 5, -orge maNes clear that he has interpreted 
³same´ velocity to mean the same as each other� both are ZalNing at a constant velocity of ³4 meters per 
second.´ ,n tXrn 6, the teacher acNnoZledges the ambigXity of the meaning of the ³same´ and in tXrn 10 
invites 9ic to fXrther his argXment.  
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Figure 3: Representing the “same velocity” with different times 

After checNing Zith the stXdents in the class for their Xnderstanding of 9ic¶s argXment the teacher 
asNed 9ic� ³Do yoX thinN that yoX can demonstrate Zhat yoX are talNing aboXt",´ a sXggestion 9ic TXicNly 
taNes Xp� he goes to the blacNboard and draZs the graph shoZn on the left in FigXre 3. 7his graph shoZs 
³the sloZer one´ �as 9ic e[pressed in tXrn 1� starting behind the other ZalNer in terms of position �as 
e[pressed in tXrn 13�, bXt both ZalNers ZalN the same amoXnt of time and hence this is not a 
coXnterargXment to the original claim. As 9ic elaborates his thinNing, he correctly revises his graph to the 
one shoZn on the right in FigXre 3, Zhich shoZs the sloZ ZalNer being ahead of the fast ZalNer, bXt the 
ZalNers ZalN for different amoXnts of time, an argXment that convinces many stXdents that the original 
claim is false. 7he teacher had not �and coXld not� fXlly anticipate all of the stXdents¶ argXments and 
pressing for representations Zas helpfXl to her in Xnderstanding the comple[ity of the stXdents¶ argXments. 

Discussion and Conclusions 

StXdents¶ difficXlties in learning to interpret rates of change, particXlarly in the conte[t of one�
dimensional motion, are Zell NnoZn in the research literatXre. CompXting technology ZoXld seem to hold 
great potential for helping stXdents to Xnderstand this rich and yet challenging concept. +oZever, the 
relationship betZeen pedagogy and stXdent learning Zith technology is still an area in need of research 
�+oyles 	 1oss, 1992� 5Xthven et al., 2009�. 7he compXter technology provided a fle[ible Zay for 
stXdents to represent their ideas and to manipXlate them. As stXdents engaged Zith the tasNs in the 
environment, and the related non�compXter tasNs Zhere they had to interpret the meaning of graphs and 
give verbal descriptions or argXments MXstifying their representation, more stXdent ideas Zere generated 
and conflicts among interpretations arose that needed to be resolved by mathematical reasoning. 7he 
technology also provided a common frame of reference for small groXp conversations and Zhole class 
discXssions. +oZever, as +oyles and 1oss �1992� Zarned, one cannot assXme that the stXdents fXlly 
Xnderstand the representations in the compXting environment. 7he generation of stXdent ideas and the need 
for stXdents to interpret and give meaning to the representations in the compXter environment place neZ 
demands on the craft NnoZledge of the teacher. ,n this stXdy, Ze foXnd the emergence of a teaching 
practice that responded to these neZ demands, namely pressing for representations. 7hroXgh this practice, 
the teacher pressed the stXdents to articXlate the connections among representations, to maNe 
interpretations of their representations Zhile giving argXments to MXstify their interpretations, and to Xse 
representations to clarify sitXations and resolve TXestions. 
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