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CONNECTIONS ACROSS REPRESENTATIONS IN STUDENTS’ GROUP 
DISCUSSIONS OF A NON-ROUTINE PROBLEM 

William Zahner 
%oston University 
Z]ahner#bX.edX 

This research report examines how two groups of bilingual algebra students made connections among 
representations while solving a non-routine generalization problem. Using a socio-cultural orientation to 
mathematics learning, together with a semiotic lens on students’ joint mathematical activity, this report 
details the type of connections among representations each group of students made as they solved the 
problem. Follow-up analysis shows that some connections afforded making more productive conclusions 
while other connections may have constrained the groups’ solution processes. Finally, analysis of change 
across time reveals that the initial connections made by each group persisted across six weeks, despite 
intervening instruction that suggested other possible connections to solve the problem. The conclusion 
contains implications for researchers and practitioners. 

.eyZords� Generali]ing� Connecting 5epresentations� Collaborative /earning� Algebra and Algebraic 
7hinNing 

7his paper reports on hoZ tZo groXps of bilingXal algebra stXdents made connections among mXltiple 
representations of an algebra problem �a story, diagrams, a table, eTXations, and a graph� Zhile solving a 
non�roXtine problem aboXt generali]ing a linear relationship. 7his analysis addresses the continXXm of 
stXdent learning in school mathematics. MaNing connections²Zhether across presentations, among 
mathematical concepts, and�or betZeen sitXations and mathematical representations²is a critical 
component of mathematical Xnderstanding �+iebert 	 Carpenter, 1992� 1ational CoXncil of 7eachers of 
Mathematics, 2000� 1ational 5esearch CoXncil, 2001� Presmeg, 2006�. Given the centrality of connections 
in stXdents¶ conceptXal Xnderstanding �+iebert 	 Carpenter, 1992�, prior research on hoZ stXdents learn 
aboXt and reason Zith linear fXnctions has e[amined the Zays that stXdents connect or coordinate 
representations �e.g., %renner et al., 1987� /obato, (llis, 	 MXxo], 2003� MoschNovich, Schoenfeld, 	 
Arcavi, 1993� Presmeg, 2006� 5adford, %ardini, 	 Sabena, 2007�.  

7his paper e[tends prior research on mathematical connections by e[amining the affordances of 
different connections made by tZo groXps of stXdents as they solved a non�roXtine generali]ation tasN. 7he 
data for this empirical report are from a stXdy that investigated hoZ bilingXal stXdents learned to reason 
aboXt the rate of change of linear fXnctions throXgh engaging in peer discXssions. 7his research report 
focXses on findings related to the TXestion, +oZ did each groXp of stXdents Xse and connect mXlti�semiotic 
tools to solve generali]ation TXestions dXring peer discXssions of a non�roXtine algebra problem" ,nitial 
ansZers to this TXestion led to a folloZ Xp analysis of the affordances of the different mathematical 
connections each groXp made and the relative persistence of the connections made by each groXp. 

7he primary finding, Zhich is oXtlined in more detail beloZ, is that each groXp connected tZo or more 
representations as they reasoned throXgh the given tasN, bXt there Zere important differences in the 
combination of connections that each groXp relied Xpon. 7he connections each groXp made afforded �and 
at times constrained� maNing accXrate generali]ations. Moreover, the combination of connections each 
groXp discXssed remained mostly stable over a time period of si[ ZeeNs. 

Framework and Prior Research 

7his stXdy is groXnded in a sociocXltXral approach to thinNing and learning �9ygotsNy, 1978� Wertch, 
1998�. Under this approach, learning mathematics may be e[amined as a process of appropriating 
cXltXrally shared tools for engaging in mathematical activities �Forman, 1996� MoschNovich, 2004� 
5ogoff, 1990�. For e[ample, in the domain of school algebra, learning is evidenced by the increasingly 
sNillfXl Xse of tools for algebraic problem solving²Zhere tools inclXde things sXch as mathematical 
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inscriptions, standard algorithms, and mathematical discoXrse practices. 7his frameZorN acNnoZledges 
that the meaning of these tools for thinNing is not static. For this reason, many researchers in this tradition 
often refer to inscriptions rather than representations �Sfard 	 McClain, 2002�. 7his report Xses the term 
representations to align Zith prior research and Zith standards docXments in mathematics edXcation, Zhile 
retaining the notion that the meaning of representations is constantly Xnder negotiation. 

When e[amining Zhether and hoZ stXdents maNe connections, a critical TXestion that arises is, what 
do stXdents connect" 7his analysis focXses on the connections that these stXdents made betZeen the 
mXltiple semiotic resoXrces available in the problem �a story, diagrams, a table, a graph, and TXestions� as 
Zell as representations constrXcted by the stXdents �eTXations, nXmerical ansZers, alterations to the 
diagrams, et cetera�. (vidence of connections is visible Zhen stXdents Xse or coordinate mXltiple 
representations �+iebert 	 Carpenter, 1992� and this can be observed in their talN, gestXres, and Zriting 
�MoschNovich, 2008� 5adford, %ardini, 	 Sabena, 2007�. For e[ample, at one point in this stXdy, one 
stXdent referred to the problem story Zhile pointing at a diagram as his groXp debated Zhich nXmbers to 
fill in to a table of valXes. ,n this case, , argXe that the stXdents connected the story, the diagrams, and the 
table.  

7he content focXs of this stXdy is hoZ stXdents generali]e linear relationships and reason aboXt the 
slope of linear fXnctions as a rate of change. While Xnderstanding the relationship betZeen slope and rate 
of change is a critical topic in school mathematics, prior research sXggests that many stXdents strXggle Zith 
this concept, and that the origin of these difficXlties may lie in hoZ stXdents and their teachers Xse 
representations and compXtational procedXres to reason aboXt the slope of linear fXnctions �/einhardt, 
=aslavsNy, 	 Stein, 1990� /obato, (llis, 	 MXxo], 2003�. 

,n a revieZ of the literatXre on stXdent learning of mathematical fXnctions, ³maNing connections´ Zas 
identified as a Ney component of flXent reasoning Zith mathematical fXnctions �Wlimot, Schoenfeld, 
Wilson, Champney, 	 =ahner, 2011�. 7he centrality of connections is also highlighted in the descriptions 
of mathematical discoXrses as mXlti�semiotic �2¶+allaran, 2003� 5adford, %ardini, 	 Sabena, 2007�. From 
a semiotic perspective, generali]ing from particXlar cases reTXires seeing the particXlar �e.g., the first three 
terms of a geometric pattern� as representative of more than the particXlar �e.g., the nth term of the 
pattern�. 7herefore generali]ing is intimately related to maNing connections �5adford, %ardini, 	 Sabena, 
2007�. 7his ZorN e[tends prior ZorN reported in Wilmot et al. �2011� by e[amining �a� hoZ connections 
developed across time dXring groXp discXssions, and �b� hoZ the TXality of connections mediated each 
groXp¶s sXccess in generali]ing a linear relationship dXring a groXp discXssion. 

Methods 

Setting and Participants 

7his stXdy e[amined the mathematical reasoning of tZo groXps of ninth grade stXdents enrolled in a 
bilingXal algebra class at a comprehensive high school in an agricXltXral region of California. 2ver 90� of 
the stXdents at the school Zere /atino�a and 35� of the stXdents Zere classified as (nglish /earners. 
Seventy�seven percent of the school popXlation Zas eligible for a free or redXced price lXnch. 7he tZo 
groXps Zere enrolled in a bilingXal algebra class taXght by an e[perienced teacher Zho has been 
recogni]ed for her e[cellent teaching and for her sNillfXl Xse of groXp ZorN. 7hirty percent of the stXdents 
in the class spoNe primarily Spanish, and the remaining stXdents spoNe both Spanish and (nglish. 7he 
bilingXal setting Zas chosen intentionally becaXse it is a site Zhere attention to langXage and meaning in 
mathematics Zas liNely �SierpinsNa, 2005�. 

7he algebra cXrricXlXm focXsed on reasoning and problem solving in real�life conte[ts, and this data 
collection coincided Zith a Xnit focXsed on interpreting data and reasoning Zith linear fXnctions �Fendel, 
5eseN, 	 Alper, 1996�. ,n consXltation Zith the researcher, the teacher selected tZo focal groXps of foXr 
stXdents each. 7he groXps Zere chosen to be representative of the class and each groXp had stXdents Zith a 
broad range of prior mathematics achievement. 

GroXp 1 consisted of tZo boys and tZo girls Zho all reported speaNing Spanish at home, bXt Zho 
primarily spoNe (nglish in class. 7Zo of the stXdents in GroXp 1 moved to the U.S. from /atin America as 
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children, bXt they Zere classified as ³FXlly (nglish Proficient´ by their school at the time of the stXdy. 
GroXp 2 inclXded foXr stXdents Zho Zere all recent immigrants from /atin America. All members of 
GroXp 2 Zere classified as (nglish /earners. 7he members of GroXp 2 spoNe mostly Spanish in class, and 
the teacher provided them Zith copies of the cXrricXlar materials in Spanish. 7Zo members of GroXp 2 left 
the school halfZay throXgh the data collection, and tZo other Spanish�dominant stXdents in the class 
replaced them in the groXp. 

Data Collection 

7he principles for data collection Zere derived from MoschNovich and %renner¶s �2000� natXralistic 
paradigm for research on mathematical thinNing, as Zell as the microgenetic method for e[amining 
learning across time �Chinn, 2006�. FolloZing these principles, the data collection inclXded si[ ZeeNs of 
in�class observations as Zell as a series of three oXt�of�class groXp problem solving discXssions. 7he oXt�
of�class groXp discXssions Zere designed to systematically docXment change across time in the stXdents¶ 
reasoning on non�roXtine problems that reTXired Xsing important concepts related to rate, slope and 
reasoning Zith linear fXnctions. 7he in�class observations are regarded as natXralistic observations that 
reveal hoZ the stXdents¶ mathematical reasoning developed in relation to ongoing activity �MoschNovich 
	 %renner, 2000�. DXe to length restrictions, this report focXses on the oXt�of�class groXp discXssions. 

(ach groXp participated in three oXt�of�class discXssion sessions� one near the start of the Xnit, one 
near the middle, and one a ZeeN after the Xnit Zas finished. 7he problems that the stXdents solved dXring 
these discXssions Zere adapted from previoXs research and piloted before the data collection. (ach groXp 
ZorNed on the same problem mXltiple times across the si[ ZeeNs, alloZing for direct comparisons of 
changes and similarities in the groXps¶ reasoning across time �Chinn, 2006�. ,n the protocol for these 
discXssions, the stXdents Zere instrXcted to discXss each problem as a groXp, come to agreement, and Zrite 
one agreed�Xpon ansZer on the groXp¶s paper. 7hese discXssions Zere video recorded, and copies of the 
stXdents¶ final ansZers and scratch ZorN Zere collected. 7he videos Zere transcribed Zith a focXs on 
captXring the propositional content of the stXdents¶ talN, and gestXres Zere inclXded in the transcript Zhen 
stXdents made deictic statements. 7his analysis focXses on the groXps¶ discXssions of one tasN, +e[agon 
DesNs. 7his tasN Zas chosen becaXse �a� each groXp discXssed it thoroXghly dXring each discXssion 
session, �b� both groXps appeared to come to consensXs on their ansZers to this TXestion, and �c� this 
TXestion invited the most ³real life´ connections for the stXdents. 

+e[agon DesNs asNed the groXps to constrXct a generali]ed linear relationship describing hoZ many 
people coXld sit aroXnd a roZ of 1, 2, 3, and more +e[agon DesNs arranged in a roZ. FigXre 1 contains a 
copy of the problem in (nglish �GroXp 2 received the problem in Spanish�. 9ariations of this tasN have 
appeared on the 1ational Assessment of (dXcational Progress, among many other venXes. 7he type of 
TXestions and the order of the TXestions in +e[agon DesNs Zere Zritten to parallel TXestions from 
mathematics problems that the stXdents completed in class �e.g., observe a nXmerical pattern, maNe a table, 
and then generali]e�. 

7he first TXestion on +e[agon DesNs asNed stXdents to complete a table shoZing the nXmber of people 
Zho coXld sit at a roZ of 4, 5, 6, and 7 desNs. 4Xestion 2 reTXired the stXdents to find hoZ many people 
coXld sit at a roZ of 100 desNs. 4Xestion 3 reTXired generali]ing the pattern for n desNs. ,n 4Xestion 4, the 
stXdents graphed points from the table on a given graph. 4Xestion 5 asNed the stXdents to imagine 
connecting the points Zith a linear fXnction and to compXte the slope of the liner fXnction �the TXestion 
Zas Zorded to sidestep the issXe of discrete and continXoXs fXnctions since that Zas not a topic of 
discXssion in the stXdents¶ class�. 4Xestion 6 asNed the stXdents to e[plain hoZ the slope of the linear 
model related to the story aboXt desNs. Finally, 4Xestion 7 Zas an open ended TXestion asNing the stXdents 
to e[plain hoZ their ansZers ZoXld change if the desNs Zere octagons rather than he[agons. 

Some TXestions on +e[agon DesNs demanded maNing at least one connection, Zhile other TXestions 
invited, bXt did not reTXire, maNing mXltiple connections. For e[ample, 4Xestion 6 asNed the stXdents to 
e[plicitly connect the slope of the linear model bacN to the story aboXt pXshing desNs together �e.g., ³the 
slope is 4 becaXse each neZ desN adds foXr neZ places at the roZ of desNs´�. 7his TXestion reTXired 
maNing a connection betZeen tZo representations. ,n contrast, 4Xestion 1 invited, bXt did not reTXire, 
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maNing connections becaXse it coXld be solved ZithoXt connecting representations by noticing the 
nXmerical pattern Zithin the table. 

 

 

Figure 1: The task the students discussed 

Analysis 

7his analysis relied primarily on the transcripts of the groXp discXssions and the copies of the stXdents¶ 
Zritten ZorN. +oZever, the video recordings Zere Xsed throXghoXt the analysis process to clarify 
ambigXities in the stXdents¶ talN and to docXment the stXdents¶ gestXres. 7he transcripts Zere divided into 
segments corresponding Zith each groXp¶s ZorN on a particXlar problem in +e[agon DesNs. For e[ample, 
each groXp¶s talN aboXt 4Xestion 2 Zas one segment in each transcript. Some segments Zere divided into 
sXb�segments Zhen the groXp discXssed sXbparts of a TXestion separately. For e[ample, as GroXp 1 
discXssed 4Xestion 1of +e[agon DesNs, they engaged in several sXb�discXssions to decide Zhich valXes to 
add in each cell in the table. 

7he first stage of analysis reTXired docXmenting the connections among representations made by each 
groXp. Connections Zere coded by noting Zhen each groXp made verbal, gestXral, or Zritten references to 
more than one representation dXring a particXlar segment in the transcript. For e[ample, Zhen completing 
the table of valXes on 4Xestion 1, Mateo in GroXp 1 e[plained Zhy the net resXlt of adding a neZ he[agon 
is adding foXr neZ spaces� ³yoX add another one >he[agon@ and nobody¶s gonna be sitting on that one.´ As 
he said ³sitting on that one,´ he pointed to a vertical line at the intersection of tZo he[agons on .rystal¶s 
paper. With this Xtterance the groXp Zas coded as maNing a connection betZeen the nXmerical table, the 
diagram, and the story aboXt seating stXdents at desNs. 

,n addition to docXmenting connections, each groXp¶s final Zritten ansZers Zere analy]ed to e[amine 
Zhether the final resXlt of the groXp¶s discXssion Zas a correct response to each TXestion. 7his analysis led 
to claims aboXt the relative affordances of different connections made by each groXp. Finally, the 
connections made by each groXp and each groXp¶s agreed�Xpon final ansZers Zere compared across the 
three discXssion sessions to analy]e Zhether and hoZ the groXps¶ connections developed across time. 

Results 

(ach groXp made mXltiple connections as the stXdents ZorNed throXgh the TXestions on +e[agon 
DesNs. ,n general, GroXp 1 had longer discXssions and they made connections among mXltiple semiotic 
resoXrces as they solved each TXestion, Zhile GroXp 2 tended to be focXs on pair�Zise connections. For 
e[ample, in the TXotation from Mateo in GroXp 1 above, Mateo connected the table, the given diagrams, 
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and the story aboXt seating stXdents at desNs. ,n contrast, Zhen GroXp 2 discXssed the same TXestion on 
+e[agon DesNs, they focXsed e[clXsively on the nXmerical pattern Zithin the table. 7his is illXstrated in 
the folloZing e[cerpt from their first discXssion of +e[agon DesNs. �1ote� in the transcript, comments are 
in doXble parentheses, Zhile translations are in doXble parentheses and TXotation marNs�. 

1. Hector   Son seis catorce, son seria ((“it’s six, fourteen, they are a series”)) 
2. Iris    Yo puse xxx de cuatro ((“I put xxx by four”)) 
3. Hector Dieciocho ((looks at Iris and points at Graciela's paper)) Dieciocho ((“eighteen 

eighteen”)) 
4. Graciela  Por qué? ((“why?”)) 
5. Hector Dieciocho, son cuatro-- cada uno tiene cuat- ((“Eighteen it is four, each one has 

four”)) Este tiene seis, este tiene diez, y este tiene catorce ((pointing at the table on 
Graciela’s paper)). Cuánto es la diferencia? ((“This one has six this one has ten, 
and this one has fourteen. How much is the difference?”))   

6. Graciela  Cuatro. ((“four”)) 
7. Hector   Son cuatro ((lifts up four fingers)) ((“They are four”)) 
8. Graciela  Um 
9. Hector   Entonces son dieciocho ((“Then they are eighteen”)) 
10. Iris    Son dieciocho ((”they are eighteen”)) 
11. Hector Son veintidos(.) Son vientiseis(.) Son treinta(.) ((“They are twenty two, they are 

twenty six, they are thirty”)) 
12. Graciela  Ah hum ((nods her head up and down)) 

7his trend in the Zay each groXp made connections held across all three discXssions. GroXp 1 
repeatedly made mXltiple connections among three representations for the problem� they referred to the 
given diagram, the story, and the table as they solved 4Xestions 2, 3, and 7, and they discXssed hoZ these 
representations Zere related. GroXp 2 adopted a narroZer focXs, they consistently connected each TXestion 
bacN to the nXmerical patterns from the table. For e[ample, Zhen GroXp 1 generali]ed the pattern for 100 
he[agons �4Xestion 2�, they focXsed on the contribXtions of the top, bottom, and sides of the diagram of a 
chain of he[agons to calcXlate the ansZer of 200 � 200 � 2   402. ,n contrast, each time GroXp 2 
attempted 4Xestion 2, they attempted to generali]e the nXmerical pattern Xsing only the table. 7heir 
ansZers across all three discXssions Zere 100 � 4   400, 150, and 42 � 10   420 respectively, shoZing that 
they Zere not able to Xse this nXmerical pattern to sXccessfXlly generali]e to the hXndredth case. 

A first folloZ Xp analysis compared the connections across representations that the groXps made Zith 
each groXp¶s agreed Xpon final ansZers. While both groXps made some connections, not all connections 
proved eTXally XsefXl for solving the problem or reaching a generali]ation. GroXp 2¶s responses to 
4Xestion 2 shoZ that their Zays of focXsing on the nXmerical pattern in the table Zas not XsefXl for 
developing a generali]ation aboXt hoZ many stXdents coXld sit at a roZ of 100 desNs. %y the third 
discXssion both groXps Zere able to Xse the graph to sXccessfXlly compXte the slope in TXestion 5. GroXp 2 
Zas able to correctly ansZer 4Xestion 6 �interpret the meaning of the slope� by noting that the slope of the 
linear model Zas 4, and they also Xsed a connection betZeen the linear fXnction and the story to describe 
the meaning for the slope, saying that this slope Zas the same as the ³add foXr´ that resXlts from adding an 
additional desN to the roZ of desNs. MeanZhile, althoXgh GroXp 1 Zas able to calcXlate the slope Xsing the 
graph, they did not describe the meaning of the slope in relation to the problem, thXs there Zas no evidence 
that they Zere connecting representations to MXstify their response to the slope interpretation TXestion. 2ne 
possible e[planation for GroXp 1¶s difficXlties interpreting the slope is that the net change of ³add foXr´ 
Zas not as readily apparent Zhen focXsing on the ³adding and sXbtracting´ action of adding a neZ 
he[agon on the end of the diagram. 7hXs, the different connections made by each groXp provided different 
affordances for MXstification and for generali]ation.  

Finally, the second roXnd of folloZ�Xp analysis e[amined hoZ the connections made by each groXp 
shifted as they solved +e[agon DesNs on three distinct occasions across the si[�ZeeN data collection 
timeline. ,n general, each groXp consistently dreZ Xpon a similar set of connections each time they 
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discXssed the problem. For e[ample, dXring DiscXssion 1, GroXp 1 repeatedly made connections betZeen 
the table, the diagrams of he[agons, and the story as they completed the table in 4Xestion 1. DXring 
DiscXssions 2 and 3 GroXp 1 again referred to the table, the diagrams, and the story as they reasoned 
throXgh Zhich valXes to pXt in each line of the table. /iNeZise, GroXp 2 consistently Xsed the connection 
to the nXmerical ³add foXr´ pattern in the table all three times they solved 4Xestion 1. While there Zere 
some changes in the groXps¶ responses across time, the relative consistency in the connections made by 
each groXp indicates that once a groXp maNes connections among representations, these may remain 
consistent for a particXlar problem. 

Discussion 

7his stXdy has illXstrated the connections across representations made by tZo groXps of stXdents as 
they solved a non�roXtine generali]ation problem, e[plored the affordances of maNing different 
connections, and illXstrated that each groXp¶s initial connections remained fairly stable across si[ ZeeNs.  

Implications for Research 

7hese findings indicate that making connections may be a necessary, bXt not sXfficient, characteristic 
for describing hoZ stXdents develop conceptXal Xnderstanding in mathematics. -Xst as Wertsch �1998� 
noted that some nXmber systems afford calcXlation by hand Xsing standard algorithms, some connections 
may afford more mathematical insight than others, especially for developing generali]ations. 2ne 
connection, sXch as the recXrsive rXle of ³add foXr´ in the table is common, bXt it is not necessarily the 
most XsefXl connection for maNing generali]ations aboXt linear models �see also .apXt 1992 on the 
particXlar issXe of recXrsive rXles�. Moreover, this stXdy indicates that the connections that stXdents 
initially made Zere relatively robXst across time. For mathematics edXcators, this stXdy invites a more 
systematic e[amination of Zhich connections among Zhich representations, and for Zhich pXrposes or 
goals, have the most affordances for stXdents¶ mathematical reasoning.   

7Zo possible folloZ Xp stXdies might investigate �a� Zhat seTXences of instrXctional activities promote 
prodXctive shifts in the connections that stXdents maNe Zhile generali]ing aboXt linear fXnctions, and 
�b� Zhether the affordances of different connections can be incorporated in assessments to better 
Xnderstand stXdents¶ emergent mathematical Xnderstandings. 

Connections to Practice 

7he data collection for this stXdy coincided Zith a classroom Xnit on interpreting data, graphing, and 
reasoning Zith linear fXnctions. While this analysis focXsed on the groXps¶ oXt of class discXssions, the 
stability of the connections made by each groXp across time Zas sXrprising to both the researcher and 
teacher becaXse, to Xs, the stXdents¶ in�class ZorN appeared related to the goal of generali]ing linear 
fXnctions from data. For teachers and instrXctional designers, this stXdy illXstrates the Zell�NnoZn fact that 
stXdent thinNing can be oriented toZard different goals than those intended by cXrricXlXm designers 
�1eZman, Griffin, 	 Cole, 1989�. StXdent thinNing may also remain consistent from the learners¶ oZn 
perspectives and thXs appear to teachers as resistant to change throXgh instrXction. ,n this stXdy, althoXgh 
the stXdents did reason Zith linear fXnctions, maNe sense of slope, and solve real life problems in the 
classroom, they did not seem to draZ Xpon those classroom e[periences Zhile solving +e[agon DesNs. 
While this stXdy does not necessarily shoZ hoZ to help stXdents draZ on their classroom e[periences, it 
does indicate that there is a continXing need to address this issXe in both research and practice. 

7he difference in hoZ each groXp made connections �and the affordances of those connections� is not 
sXitable evidence to maNe generali]ations aboXt all bilingXal stXdents learning math in Spanish or (nglish. 
First, these groXps Zere chosen to illXminate tZo particXlar cases of stXdents Xsing social and lingXistic 
tools, bXt not to represent of all bilingXal stXdents. Second, the data shoZ that both groXps Zere sXccessfXl 
in different Zays. For e[ample, GroXp 1 Zas able to solve 4Xestion 2 by connecting the diagrams and 
story, bXt they Zere not able to solve 4Xestion 6. Conversely, GroXp 2 Xsed a connection to the ³add foXr´ 
pattern in the table solve 4Xestion 6 bXt that did not ZorN for solving 4Xestion 3.  
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Conclusion 

7his analysis of the connections among representations made by tZo groXps of stXdents illXstrates a 
critical issXe faced by stXdents as they navigate transitions along the learning continXXm of school algebra. 
7he connections that stXdents maNe betZeen representations are primary mediators of stXdents¶ learning 
and Xnderstanding �1ational CoXncil of 7eachers of Mathematics, 2000� 1ational 5esearch CoXncil, 
2001�. 7he findings of this stXdy sXggest that simply maNing connections across representations is not 
enoXgh. 5esearchers and teachers need a better Xnderstanding of Zhich connections stXdents maNe, for 
Zhich pXrposes, and hoZ connections develop across time. An improved Xnderstanding of these issXes can 
affect stXdents¶ sXccess navigating the continXXm of school mathematics. 
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