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MATHEMATICS TEACHERS INVESTIGATING REASONING  
AND SENSE MAKING IN THEIR TEACHING 

Lindsay M. Keazer 
Michigan State University 

Nea]er#msX.edX 

The purpose of this study was to generate an understanding of the experiences of mathematics teachers 
examining recommendations for Reasoning and Sense Making (NCTM, 2009) and investigating them in 
their practice. Narrative inquiry incorporates the voices of teachers and illustrates the phenomenon 
studied through narratives of participants’ experiences. This paper presents the findings through four 
analogies that convey abbreviated narratives of teachers’ experiences enacting recommendations for 
Reasoning and Sense Making. 

.eyZords� Standards� 7eacher (dXcation�Professional Development� +igh School (dXcation 
 

5ecent recommendations for improving the natXre of teaching and learning mathematics across the 
United States can be traced bacN to 1980 Zith the 1ational CoXncil of 7eachers of Mathematics �1C7M� 
pXblication of An Agenda for Action �1C7M, 1980�. ,n sXbseTXent years, 1C7M pXblished a series of 
standards docXments �1989, 1991, 1995, 2000� to clarify neZ goals and cXrricXlar recommendations for 
mathematics edXcation. When evalXating the state of mathematics classrooms, discoXrse Zithin the field 
often focXses on the deficits, maNing broad generali]ations pointing to a gap betZeen the state of 
mathematics classrooms throXghoXt the nation and the classroom environments promoted by these 
recommendations. +iebert �1999�, for e[ample, declared that ³the same method of teaching persists, even 
in the face of pressXres to change,´ �p. 11�. Similarly, the Conference %oard of the Mathematical Sciences 
�1975� asserted that ³teachers are essentially teaching the same Zay they Zere taXght in school,´ �p. 77� 
referring to the lacN of impact of the earlier ³neZ math´ reform movement of the 1960s.  

A contribXtor to the gap betZeen cXrricXlar recommendations and classroom practice is the comple[ity 
of learning to teach mathematics differently. 7he changes proposed by reform efforts sXch as the 1C7M 
standards have the Xnderlying assXmption ³that teachers Zill change their Zorld vieZ of mathematics, 
mathematics teaching, and mathematics learning´ �ShaZ 	 -aNXboZsNi, 1991, p. 13�. (ven Zhen sXch 
changes are desired or instigated by the teacher, many have described difficXlties they encoXntered as they 
attempted them in their oZn teaching �e.g., %all, 2000� Cady, 2006� Cha]an, 2000� +eaton, 2000�. ,n short, 
maNing changes to one¶s teaching is a comple[ process.  

7o add to the conversation sXrroXnding teachers¶ responses to 1C7M recommendations, this stXdy 
soXght to develop an Xnderstanding of the e[periences of mathematics teachers attempting to enact 
recommendations for mathematics teaching from Focus in High School Mathematics: Reasoning and 
Sense Making �1C7M, 2009�. 7his docXment proposed that ³reasoning and sense maNing are the 
foXndations of the 1C7M Process Standards´ �1C7M, 2009, p. 5�, and shoXld be incorporated into ³every 
mathematics classroom every day.´ 

A collaboration of seven mathematics teachers Zas formed by recrXiting teachers interested in 
investigating their practice and incorporating recommendations into their teaching. 7he pXrpose of this 
stXdy Zas to learn aboXt the e[periences of mathematics teachers as they investigated 1C7M 
recommendations for Reasoning and Sense Making �1C7M, 2009� and attempted to maNe changes in their 
practice throXgh informal teacher action research. ParticXlarly , focXsed on five aspects of the e[perience� 
conceptions of reasoning and sense maNing, actions that the teacher tooN in their teaching, challenges, 
opportXnities, and the teacher¶s interpretations of the resXlts of their actions. 7eacher action research Zas 
conceptXali]ed as a self�critical inTXiry into one¶s practice Zith the goal of improving practice as Zell as 
developing a better Xnderstanding of that practice �Carr 	 .emmis, 1986�. StenhoXse �1975� promoted 
applying cXrricXlar recommendations to the formation of one¶s action research inTXiry, sXggesting that 
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³the crXcial point is that the proposal is not to be regarded as an XnTXalified recommendation bXt rather as 
a provisional specification claiming no more than to be Zorth pXtting to the test of practice´ �p. 142�.  

7eachers represented si[ high schools and ranged from 0 to 11 years of teaching e[perience �mean of 
3.5�. 7hey agreed Xpon the theme of Reasoning and Sense Making as the focXs of their ZorN together. We 
met regXlarly throXghoXt the school year, a total of nine times. 7eachers initially read and discXssed 
Reasoning and Sense Making and began to focXs their action research inTXiries in individXal Zays by 
selecting specific actions to taNe in their practice to incorporate their interpretation of the 
recommendations. 7eachers learned informally aboXt the methods of action research throXgh PoZerPoint 
presentations, reading e[cerpts of methods handbooNs, and narrative e[amples of teacher action research. , 
created a library of practitioner readings that Zere related to their goals, from Zhich they selected 
additional readings. Meetings served as a time for them to discXss readings and share their goals, 
challenges, and sXccesses.  

Data Analysis 

DXring this stXdy a variety of data soXrces, or field texts �Clandinin 	 Connelly, 2000�, Zere collected 
to generate an Xnderstanding of teacher¶s e[periences. See FigXre 1 for an illXstration of the data soXrces 
that inform this analysis.  

 

 

Figure 1: Data sources that inform the research question 

7his stXdy Xsed narrative inTXiry to investigate the Zays teachers incorporated recommendations into 
their practice. 1arrative inTXiry Zas selected to alloZ the voices of teachers to be heard and e[pand oXr 
Xnderstandings of ³Zhat the e[perience is liNe.´ Clandinin and Connelly �2000� describe narrative inTXiry 
as ³a Zay of Xnderstanding e[perience. ,t is a collaboration betZeen researcher and participants, over time, 
in a place or series of places, and in social interaction Zith milieXs´ �p. 20�. 1arrative researchers illXstrate 
a phenomenon stXdied throXgh creating Xnified, coherent narratives that convey the meaning of their 
e[periences ZorNing together. 7he method of analysis is emplotment and narrative configXration 
�PolNinghorne, 1995�, in Zhich data snapshots are pieced together to develop a plot. 7his reTXires a 
synthesis of the data rather than separating it into its constitXent parts.  

As data Zas collected, , continXoXsly revieZed it. After all data Zas collected, , organi]ed the data 
pieces pertaining to each teacher into chronological order in spreadsheets. , coded data pieces according to 
the aspects of the e[perience previoXsly identified� conceptions of reasoning and sense maNing, actions 
that the teacher tooN in their teaching, challenges, opportXnities, and the teacher¶s interpretations of the 
resXlts of their actions, plXs the additional category of conte[tXal information. Coded data for each teacher 
Zas then reorgani]ed into condensed spreadsheets according to category. , continXoXsly revieZed these 
consolidated spreadsheets Xntil recXrring ideas and connections developed to synthesi]e the information 
into the ³plot´ of the narrative. 7hen the process of Zriting of interim texts �Clandinin 	 Connelly, 2000� 
or smaller drafts of the research te[t, Zas an important element of the emplotment and narrative 
configXration. 7hroXgh repeatedly e[perimenting Zith the Zriting process by Zriting interim te[ts, and 
then sharing those te[ts Zith the teachers, , eventXally prodXced the final research te[ts. More details aboXt 
the analysis Zill be shared in the presentation.  
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Findings 

7he analysis revealed the comple[ity of each teacher¶s e[perience. 7eachers varied in their past 
e[periences as a mathematics teacher, and in the aZareness they held of the Zays they inflXenced stXdent¶s 
opportXnities to reason and maNe sense of mathematics. 7eachers also varied in the actions they tooN to 
adapt their teaching in response to the recommendations. 7heir action research foci varied from improving 
their TXestioning strategies, cXrricXlXm, role in discXssion, prompting stXdents¶ MXstification, prompting 
Zriting aboXt mathematics, and incorporating stXdent creativity into the doing of mathematics. As , 
developed narratives of the teachers¶ e[periences, it became apparent that Zithin the different MoXrneys, 
sXbtle similarities e[isted. , compared the plotlines of narratives that held similarities to clarify my 
Xnderstanding, and , e[amined the differences across groXps. As , read and reread my data, , tested 
different categori]ation schemes in my oZn sense maNing process to Xnderstand the Zays , groXped 
teachers¶ narratives. 7Zo aspects of their e[periences emerged that provided a Zay to categori]e their 
narratives. 7he first aspect Zas their level of awareness—both at the time they entered oXr collaboration 
and the development of their aZareness over time²of the Zays that they inflXenced stXdents¶ 
opportXnities to engage in reasoning and sense maNing. 7he second aspect Zas their evolXtion, or 
development in any direction, of the Zays they acted on this aZareness by developing strategies to 
promote stXdents reasoning and sense maNing.  

7hese tZo aspects, teachers¶ awareness and their strategies, Zere intertZined Zithin each teacher¶s 
e[perience. ParticXlarly, teachers¶ awareness of the Zays they impacted stXdents¶ engagement in 
reasoning, and their strategies for fostering stXdents¶ reasoning, evolved in response to each other over 
time. (volXtion in teachers¶ aZareness Zas only recogni]able Zhen teachers self�reported neZ things they 
had come to reali]e aboXt their teaching. (volXtion in teachers¶ strategies Zas more easily identifiable, 
throXgh teachers sharing neZ strategies they Zere developing and throXgh my oZn observations dXring 
classroom visits. As , made sense of differences in teachers¶ MoXrneys, , generated foXr analogies to 
represent their MoXrneys. 7here isn¶t sXfficient space to present the narratives of teachers¶ e[periences here, 
bXt , Zill offer a glimpse throXgh the foXr analogies� a linear fXnction, a pieceZise fXnction, a step 
fXnction, and a scatterplot. 7he independent variable in this mathematical relationship is the time spent 
stXdying one¶s teaching practice. 7he dependent variable is the evolXtion of strategies to sXpport stXdents¶ 
engagement in reasoning and sense maNing. While these analogies attempt to illXstrate teachers¶ 
e[periences over the seven months Ze collaborated, this Zas a brief stretch amidst their longer MoXrney as a 
mathematics teacher.  ,n the proceeding sections, , introdXce each analogy and provide illXstrations from 
the data of the teachers that they represent.  

A Linear Journey 

7eachers Peter and Ale[is both entered the collaboration having already problemati]ed many aspects 
of mathematics teaching that Reasoning and Sense Making soXght to change. %oth talNed openly aboXt the 
problematic conseTXences of teaching mathematics throXgh providing a list of procedXres, conseTXences 
they had seen firsthand. Peter Xsed hXmor to tell stories illXstrating the negative effects of stXdents¶ 
reliance on procedXres or the teacher¶s aXthority, instead of reasoning and sense maNing. ³, really Zant my 
stXdents to start critically thinNing. , sZear that , coXld say, µ<oXr lesson today is to learn that 5 � 8   22.¶ 
And they Zill MXst Zrite 5 � 8   22, and not even thinN a thing aboXt Zhat they¶re actXally Zriting, Zhether 
it even maNes sense at all´ �12�9�10, meeting 3�. Peter talNed often aboXt hoZ ³Ze¶re fighting a decade¶s 
Zorth of ingrained math,´ after seeing indications that his stXdents Zere Zell practiced at learning 
mathematics without reasoning. As Peter and Ale[is read Reasoning and Sense Making, they agreed 
Zholeheartedly Zith the proposition of the docXment that teaching mathematics throXgh steps and 
procedXres did not prodXce positive stXdent learning oXtcomes.  

Along Zith identifying certain teaching practices as discoXraging to stXdents¶ reasoning and sense 
maNing, Peter and Ale[is began their action research Zith a similar aZareness of the Zays that their role as 
teacher inflXenced stXdent¶s engagement in reasoning and sense maNing. %oth agreed Zith the philosophy 
of the recommendations and shared Zays they had already made improvements to their teaching that 
aligned Zith recommendations. For instance, Ale[is shared�  
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 formXla to find slope. , Xse t�charts and pXt si[ graphs Xp on the board Zhen , 
Zant to start teaching them aboXt slope. « So >the stXdents@ figXred oXt Zhen yoX pXt it in y m[�b 
form, Zhere that >slope@ nXmber Zas coming from. And they reali]ed, yoX NnoZ, if it Zas negative it 
Zent left, positive Zent right. « And so, Ze looN at all the graphs, and Ze talN aboXt the change in y 
over the change in [, and hoZ it goes Xp and over, and Zhere those nXmbers came from, and then Ze 
MXst call it change in y over change in [. �11�16�10, meeting 2� 

Despite e[amples of shifts aZay from a focXs on procedXres, Xpon reading Reasoning and Sense 
Making both Peter and Ale[is saZ themselves as gXilty of reliance on practices that did not promote 
stXdents reasoning and sense maNing. 7hey both identified room for groZth to align their teaching Zith 
these recommendations. While their described approaches varied, they each developed their oZn Zays to 
³transfer the deliverance of my lesson to my stXdents´ �Peter, 2�22�11, reflection�. Peter focXsed on 
removing opportXnities for stXdents to rely on his aXthority instead of their oZn reasoning, throXgh habits 
he developed sXch as ³Neeping silent,´ ³firing stXdents¶ TXestions bacN at the class,´ and ³going along Zith 
Zrong ideas.´ Ale[is focXsed on developing her TXestioning� restrXctXring lessons so that stXdents 
Xncovered the mathematical ideas throXgh class discXssions facilitated by her TXestions.  

7o illXstrate the similarities among their MoXrneys and the differences betZeen their MoXrneys and those 
of others, , draZ on the analogy of a linear fXnction �see FigXre 2�. While Peter and Ale[is faced 
challenges, , conceptXali]ed their evolXtion of strategies as being fairly linear Zhen compared Zith that of 
others. 7hey conceptXali]ed a vision for their teaching and developed their strategies to move continXoXsly 
toZards their goal. 7heir aZareness of their oZn impact on stXdents¶ opportXnities to engage in reasoning 
and sense maNing facilitated a steady progression in the direction of their vision.  

 

 

Figure 2: The analogy of the linear function 

A Piecewise Journey 

7eachers /ogan and Melinda both e[pressed interest in the theme of Reasoning and Sense Making as 
they Moined the stXdy, bXt they did not cite e[amples of Zays that their teaching methods inflXenced 
stXdents¶ opportXnities to engage in reasoning and sense maNing. 7hey hoped to learn more strategies to 
foster reasoning and sense maNing as a resXlt of their collaboration in the groXp. 

After reading the recommendations, both /ogan and Melinda formXlated goals that Zere related to 
improving their classroom discXssions. %oth Zere interested in changing the strXctXre of lessons to move 
aZay from direct instrXction by incorporating TXestions and Xsing stXdent�generated ideas to move a 
lesson forZard. %oth identified their initial changes in their teaching as sXccessfXl based on their stXdents¶ 
responses. +oZever, at different points dXring the school year, each teacher e[perienced frXstration as they 
encoXntered stXdents responding to their TXestions Zith increasing silence. When their best efforts Zere 
met Zith resistance from stXdents, they became discoXraged and Zondered if some of their stXdents Zere 
not capable of reasoning.  

2ne day after observing Melinda teaching an Algebra lesson, she asNed if , ZoXld teach the same 
lesson to the ne[t class ZalNing in. , agreed, and this proved to be a valXable opportXnity to foster her 
thinNing aboXt her teaching. After Zatching me teach her lesson, and noticing the Zays her stXdents 
responded to my TXestions, she said, ³, thoXght the problem Zas that my stXdents coXldn¶t reason. %Xt 
noZ , see that , Zas MXst asNing the Zrong TXestions.´ After that episode, , observed noticeable differences 
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in the TXestioning that Melinda Xsed. 5ather than TXestioning patterns that resembled those described as 
³fXnneling´ �Wood, 1998�, her TXestioning changed to resemble more closely the pattern described as 
³focXsing´ �Wood, 1998�. For e[ample, previoXs TXestions had directed stXdents toZards a particXlar 
procedXre sXch as ³Which fraction shoXld Ze Xse" What if Ze Xse this one" Can Ze cross anything oXt"´ 
+er neZ TXestioning tended to be more open to alloZ stXdents to determine their oZn solXtion methods, 
sXch as ³+oZ can yoX find the side length of a sTXare Zith an area of five"´ and ³Steve sXbtracted and 
then divided. Do Ze have to do it in that order"´ 7he folloZing year, Melinda continXed to e�mail to share 
ongoing sXccesses she saZ as a resXlt of long�term Xse of her neZ TXestioning strategies.  

A similar e[perience happened in /ogan¶s action research. +e became discoXraged for several months 
dXring the spring semester, and began to Zonder if the MXniors and seniors in his ³intro´ level Algebra ,, 
coXrses Zere capable of reasoning. After persXading him to alloZ me to teach one of his lessons, , 
attempted to maNe an ³e[istence proof´ that his stXdents could reason mathematically. 7he folloZing is an 
e[cerpt of his reflection� 

When Zatching /indsay teach my class, , noticed hoZ she Zas able to get everyone involved. She Zas 
calling on stXdents Zho had not volXnteered to share an idea in months. , have made a point to call on 
each and every stXdent in my class since then. , also do not let stXdents get aZay Zith MXst saying, ³, 
don¶t NnoZ.´ 7hey Zere actXally saying, ³, don¶t Zant to thinN right noZ,´ so , have to maNe them tell 
me something that they do NnoZ. �5�6�11, final reflection�   
 

 

Figure 3: The analogy of the piecewise journey 

7o illXstrate the similarities among /ogan and Melinda¶s MoXrneys, , draZ on the analogy of a 
pieceZise fXnction. While /ogan and Melinda initially saZ short�term improvement in their stXdents¶ 
engagement in reasoning and sense maNing, both also e[perienced a plateaX. 7hey overcome the obstacle 
Zhen they developed a heightened aZareness of Zays they impacted stXdents¶ opportXnities to reason. A 
neZ aZareness of their teaching prompted the development of neZ actions to sXpport stXdent¶s reasoning 
and sense maNing.  

A Step Function Journey 

Sarah, a foXrth year teacher of high school geometry and algebra, shared that she had not previoXsly 
considered the importance of fostering reasoning and sense maNing opportXnities Xntil reading these 
recommendations. 7he aXthority of the docXment convinced her of the importance of developing sXch 
practices in stXdents to prepare them for their fXtXre. %eginning Zith sXggestions pXlled from the 
docXment, throXgh trial and reading other practitioner articles, she narroZed the focXs to asNing more 
TXestions and reTXiring stXdents to MXstify all ideas. 7hese changes increased the amoXnt of stXdent talN in 
Sarah¶s classroom, opening Xp opportXnities for stXdents to ³sXrprise´ her Zith their mathematical ideas. 
7hroXgh stXdying her teaching, these Xne[pected incidents became learning opportXnities that increased 
her aZareness of hoZ to sXpport stXdents¶ reasoning and sense maNing.  

<oX remember the Algebra class Zhere they Zanted to Xse synthetic division" (laughing) , Zas so 
caXght off gXard becaXse ,¶ve never thoXght of Xsing that method >in that conte[t@ before in my life. , 
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Zas liNe, ³2Nay let¶s go Zith it.´ %Xt , Zas really sXrprised. And , shoXld¶ve been more calm aboXt 
it« becaXse then they Zanted to NnoZ Zhat ³my Zay´ Zas. %Xt it totally caXght me off gXard. 
�5�18�11, final intervieZ� 

(ach neZ Xne[pected finding fXeled fXrther development of her actions. 2ne thing she learned from her 
stXdents Zas the valXe of alloZing them to determine their oZn solXtion path�  

%efore, , ZoXldn¶t let them >solve problems@ the Zay that they Zanted to. « , thinN a lot of times , 
ZoXld MXst be liNe, ³Well didn¶t yoX see this method,´ instead of MXst letting them do it their Zay. , 
thinN its oNay noZ MXst to let them do it a different Zay, even if it¶s the hard roXte. -Xst let them be, 
becaXse that¶s the Zay they Xnderstand. Giving them that freedom. �5�18�11, final intervieZ� 

7he analogy of a step fXnction illXstrates Sarah¶s e[perience �see FigXre 4�. (ach step in the fXnction 
represents actions she tested in her teaching and sXbseTXently learned from, resXlting in neZ NnoZledge 
and a heightened aZareness of strategies to sXpport stXdents reasoning. 7he heightened aZareness 
facilitated her in developing her actions fXrther, represented by the ne[t step in the fXnction. Sarah¶s 
e[perience Zas XniTXe from the others by the pattern of repeated instances of sXrprise that resXlted in neZ 
aZareness that fXeled developments to her action strategies.  
 

 

Figure 4: The analogy of the step function 

A Scatterplot Journey 

ClaXdia and -ames Zere in their first year of teaching, and both MXggled many neZ responsibilities.  ,t 
tooN them more time to develop the focXs of their actions, and their initial actions changed freTXently as 
they e[perimented Zith a variety of different strategies. ClaXdia reflected on these early months and 
discXssed the challenge of trying to focXs her actions�  

With it being my first year and everything, , didn¶t NnoZ Zhat my teaching style Zas and hoZ , 
Zanted to change or improve it... , Nept Nind of trying the different things , heard people talNing aboXt, 
thinNing, ³,s this Zhat , need to ZorN on" ,s this something that interests me"´ �4�28�11, meeting 9� 

%oth teachers eventXally narroZed their efforts to posing open�response prompts on assessments. 7his 
approach to incorporating reasoning Zas more liNe an add�on to their teaching than a part of their everyday 
roXtine. -ames e[plained in a Zritten reflection Zhy he picNed a sXbtle approach� 

, ZoXld love to hold classroom discXssions and asN TXestions Zhere stXdents learn from their mistaNes, 
discXss problems Zith one another, and problem solve Zhen they do not get the correct ansZer 
�(ggleton et al., 2001�. 7hat type of classroom environment is one that , envision for the fXtXre, bXt , 
do not believe my classes are ready for sXch radical changes all at once. 7o me, Zriting seems liNe a 
natXral and sXbtle Zay for stXdents to convey their reasoning and sense maNing. �1�12�11, reflection� 

%oth teachers also dealt Zith school�Zide pressXres to raise stXdents¶ scores on the state�Zide algebra 
e[am. With the many other things vying for their attention, ClaXdia and -ames at times ZoXld ³forget´ 
their focXs. 2ver time ClaXdia and -ames recogni]ed the need to incorporate reasoning beyond 
assessments and into their mathematics lessons. 7hey each tried fostering reasoning throXgh occasional 
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stXdent�centered activities. +oZever, limitations in time and resoXrces hindered them from incorporating 
activities on a daily basis. (ach saZ room for improvement and made plans to continXe their actions in 
sXbseTXent small steps in the fXtXre.  

 

 

Figure 5: The analogy of the scatterplot 

7heir MoXrney is illXstrated by the analogy of a scatterplot Zith a positive correlation Zhich became 
stronger over time. 7his analogy is distinct from the others as it illXstrates the variety of seemingly 
disconnected actions that ClaXdia and -ames tested in their practice bXt also indicates a progression 
toZards developing more focXsed and refined strategies. 

Conclusion  

While each teacher focXsed their efforts to foster reasoning and sense maNing in XniTXe Zays, the 
elements they chose to taNe Xp and test in their practice Zere a reflection of those that held meaning for 
them in the conte[t of their teaching. Common gains among all teachers Zere a heightened aZareness of 
the Zays they impacted stXdents¶ opportXnities to engage in reasoning. Given the trend to focXs on the 
deficit betZeen 1C7M recommendations and mathematics classroom practices, this research e[pands the 
discoXrse by illXminating the e[periences of teachers attempting changes in their practice. Past research on 
mathematics teacher change has measXred changes in practice along continXXms or stages that gaXge the 
degree to Zhich teachers¶ instrXctional practices adhere to preconceived change obMectives �e.g., Fennema 
et al., 1996�. Alternatively, this stXdy approached teacher change by seeNing to Xnderstand the comple[ity 
of teachers¶ attempts at change from their perspective. 1arrative inTXiry offers a valXable perspective to 
the discoXrse sXrroXnding mathematics teacher change, validating the NnoZledge and e[periences of 
teachers and seeNing to learn from them.   
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