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MATHEMATICAL KNOWLEDGE FOR TEACHING HIGH SCHOOL GEOMETRY 
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This paper documents efforts to develop an instrument to measure mathematical knowledge for teaching 
high school geometry (MKT-G). We report on the process of developing and piloting questions that 
purported to measure various domains of MKT-G. Scores on the final set of items had no statistical 
relationship with total years of experience teaching, but all domain scores were found to have statistically 
significant correlations with years of experience teaching high school geometry. We use this result to 
propose ways of conceptualizing how instruction-specific considerations might matter in the design of 
MKT items. 

.eyZords� Mathematical .noZledge for 7eaching� Geometry� +igh School (dXcation� Assessment 

Overview 

,n his description of paradigms for research on teaching, ShXlman �1986a� had called for a focXs on 
teacher NnoZledge. With particXlar reference to mathematics, %all, /XbiensNi, and MeZborn �2001� 
responded to ShXlman¶s call by, on the one hand, revieZing research that shoZed that traditional measXres 
of teachers¶ content NnoZledge �e.g., degrees obtained or mathematics coXrses taNen� had not shoZn to 
maNe a difference on stXdents¶ learning and, on the other hand, argXing that the Nind of teacher NnoZledge 
needed to focXs on Zas a particXlar Nind of mathematical NnoZledge, mathematical NnoZledge for 
teaching �M.7�. 7his M.7 is NnoZledge of mathematics Xsed in doing the ZorN of teaching and it 
inclXdes bXt also goes beyond the pedagogical content NnoZledge that ShXlman �1986b� himself had 
proposed. 7he theoretical and empirical ZorN on %all¶s brand of M.7 that folloZed sXch proposal has 
been vast, shoZing among other things that the possession of M.7 can be measXred, that M.7 is held 
differently by teachers and non�teachers, that M.7 is held differently by teachers of higher grade level 
e[perience than those of loZer grade level e[perience, that it maNes a difference in stXdents¶ learning, and 
that scores on M.7 correlate Zith scores on an observation measXre of good teaching �+ill, Schilling, 	 
%all, 2004� +ill, 5oZan, 	 %all, 2005� +ill et al., 2008�. 7he ZorN on constrXcting measXres of M.7 has 
been concentrated mostly on the mathematical NnoZledge of elementary and middle school teachers �+ill 
	 %all, 2004� +ill, 2007�� a more recent effort has developed M.7 items in algebra �MarN 7hames, 
personal commXnication, 6�15�11�. 7he pXrpose of this paper is to report on a parallel effort to develop an 
instrXment that measXres mathematical NnoZledge for teaching high school geometry. 2Xr effort has 
attempted to folloZ the theoretical conceptXali]ation of M.7 and item development procedXres of %all 
and +ill¶s groXp. 7he paper provides pilot data that compares high school teachers Zith and ZithoXt 
e[perience teaching geometry in terms of their possession of mathematical NnoZledge for teaching 
geometry, and it Xses these resXlts to raise some TXestions aboXt the content specificity of the notion of 
mathematical NnoZledge for teaching.  

A crXcial element in oXr development of items to measXre the mathematical NnoZledge for teaching 
high school geometry has been %all, 7hames, and Phelps �2008� conceptXali]ation of the different domains 
of mathematical NnoZledge for teaching.   According to %all et al. �2008�, the mathematical NnoZledge 
Xsed in teaching can be conceptXali]ed as the aggregation of NnoZledge from si[ domains. 7hese domains 
inclXde Common Content .noZledge �CC.�, Zhich is the mathematical NnoZledge also Xsed in settings 
other than teaching, inclXding for e[ample NnoZledge of canonical methods for solving the problems 
teachers assign to stXdents. 7he domains also inclXde NnoZledge that is specific to the ZorN of teaching. 
7hXs Speciali]ed Content .noZledge �SC.� is NnoZledge of mathematics Xsed particXlarly in doing the 
tasNs of teaching, sXch as, for e[ample, the NnoZledge a teacher needs to Xse in Zriting the problems they 
Zill assign to stXdents or figXring oXt ³Zhether a nonstandard approach ZoXld ZorN in general´ �%all, et 
al, 2008, p. 400�. A third domain, .C7, or .noZledge of Content and 7eaching is defined as a 
combination of NnoZledge of teaching and NnoZledge of mathematics and inclXdes the NnoZledge needed 
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to decide on the best e[amples and representations to Xse for given instrXctional obMectives. And .CS, or 
.noZledge of Content and StXdents, inclXdes a blend of NnoZledge of mathematics and of stXdents¶ 
thinNing, sXch as the capacity to predict Zhat stXdents might find confXsing or Zhat Nind of errors stXdents 
might maNe Zhen attacNing a given problem. ,n oXr effort to constrXct measXres of mathematical 
NnoZledge for teaching high school geometry, Ze developed items that pXrport to measXre each of those 
foXr domains CC., SC., .C7, and .CS. %all et al. �2008� also inclXde +ori]on Content .noZledge 
�+C.� and .noZledge of Content and CXrricXlXm �.CC�, bXt oXr ZorN has not inclXded those domains.    

%all and +ill¶s /earning Mathematics for 7eaching proMect has developed items that measXre the 
different domains of M.7 and that has inclXded, over time, attention to different content strands, inclXding 
nXmber and operation, patterns, fXnctions and algebra, and geometry. 7hese instrXments have also 
inclXded items that pXrport to measXre mathematical NnoZledge for teaching middle school mathematics 
as Zell as for teaching elementary school mathematics. 7he e[tensive item development has yielded 
nXmbers of validated items that can be pXt together into forms that assess M.7 for particXlar content 
strands. %Xt there has not been, as of yet, a systematic development of items to measXre M.7 in different 
content strands or deliberate theoretical consideration aboXt hoZ content�strand differentiation might 
interface Zith the domains of M.7 �+eather +ill, personal commXnication, 2�8�12�. ,n particXlar, hoZ 
ZoXld the specific practice of teaching particXlar mathematics coXrses be considered and featXred in the 
process of designing measXres of the mathematical NnoZledge for teaching those coXrses" ,n this paper Ze 
present oXr beginning attempts to conceptXali]e sXch instrXction�specificity Zithin the frameZorN of 
M.7, by reporting on oXr development of an instrXment to measXre the mathematical NnoZledge for 
teaching high school geometry.  

2Xr interest in M.7 originated from oXr attempts to contribXte to a theory of mathematics teaching 
that accoXnts for Zhat teachers do in teaching in terms of a combination of, on the one hand, individXal 
characteristics of practitioners and, on the other hand, practitioners¶ recognition of the norms of the 
instrXctional sitXations in Zhich they participate and of the professional obligations they mXst respond to 
�+erbst 	 Cha]an, 2011�. While oXr earlier ZorN focXsed completely on the conceptXali]ation and 
empirical groXnding of the latter, the present effort Zas part of a larger proMect in Zhich Ze¶d develop 
measXres of the constrXcts that Ze had contribXted �particXlarly norms and obligations� as Zell as 
measXres of other constrXcts that ZoXld give Xs measXres of individXal resoXrces. 7he conceptXali]ation 
and disciplined approach to measXring M.7 spearheaded by %all and +ill �%all et al, 2008� +ill and %all, 
2004� provided Xs Zith important gXidance for the development of M.7 measXres. +ence, Ze developed 
mXltiple choice items folloZing the definitions of the domains provided by %all et al. �2008�. 

Development of MKT-Geometry 

2Xr item development process covered a relatively Zide range of topics from the high school 
geometry coXrse. We consXlted cXrricXlXm gXidelines in varioXs states and on that basis soXght to develop 
items dealing Zith definitions, properties, and constrXctions of plane figXres inclXding triangles, 
TXadrilaterals and circles, parallelism and perpendicXlarity, transformations, area and perimeter, three�
dimensional figXres, sXrface area and volXme, and coordinate geometry. 7hose topics by themselves Zere 
good enoXgh a gXide to create items of Common Content .noZledge. %Xt the definitions of the M.7 
domains, particXlarly the definition of Speciali]ed Content .noZledge, calls for items that measXre 
NnoZledge of mathematics Xsed in the tasNs of teaching. 7o draft these items Ze foXnd it XsefXl to create a 
list of tasNs of teaching in Zhich a teacher of geometry might be called to do mathematical ZorN. 7he list 
inclXded elements liNe designing a problem or tasN to pose to stXdents, evalXating stXdents¶ constrXcted 
responses, particXlarly stXdent�created definitions, statements, e[planations, and argXments, creating an 
ansZer Ney or a rXbric for a test, and translating stXdents¶ mathematical statements into conventional 
vocabXlary. As Ze soXght to draft these items, Ze noted that those tasNs of teaching coXld call for different 
Ninds of mathematical ZorN depending on specifics of the ZorN of teaching geometry. For e[ample, the 
tasN of designing a problem ZoXld involve a teacher in different mathematical ZorN if the designed 
problem Zas a proof problem versXs a geometric calcXlation. While the former might involve the teacher 
in figXring oXt Zhat the givens shoXld be to maNe sXre the desired proof coXld be done, the latter might 



	������������������������ �����'���������$������������������ �

�

��������#��%��%#���#��%&�%#�*������!#��%��%�(���%)%�(-+,-)%�	��������������������
���
�������������������������
����
�������

��������
����
���������������	��������������
���
���������
������������"��#���$������������������
��������!.�

..+�

involve the teacher in posing and solving eTXations and checNing that the solXtions of those eTXations 
represented Zell the figXres at hand. 7hXs Zhile a list of generic tasNs of teaching Zas XsefXl to start the 
drafting of items, this list appeared to groZ more sophisticated Zith attention to tasNs that are specific of 
different instrXctional sitXations in geometry teaching �+erbst, 2010�.  

7he tasNs of teaching Zere also XsefXl in drafting items that measXred NnoZledge of content and 
teaching. 7o draft these items Ze Xsed as a heXristic the notion that the item shoXld identify a Zell�defined 
instrXctional goal and the possible ansZers shoXld name mathematical items that, Zhile correct in general, 
ZoXld be better or Zorse choices to meet the specified goal. For e[ample, teachers often need to choose 
e[amples �and MXstifications� for the concepts �vi]. statements� they teach. While different e[amples �vi]. 
different MXstifications� might be mathematically correct, they might not all be pedagogically appropriate to 
meet particXlar instrXctional goals� 2ne e[ample may be better than others as a first or canonical e[ample 
Zhile another e[ample may be better as an illXstration of an e[treme case� one argXment may reTXire less 
prior NnoZledge and thXs be more appropriate Zhen stXdents don¶t NnoZ many of the properties of the 
figXre at hand, Zhile another argXment may illXstrate hoZ all the properties of a figXre interrelate.  

Finally, to create items that measXred NnoZledge of content and stXdents, Ze Zere attentive to the 
definition provided by %all et al. �2008� and soXght to draft especially items that tested for NnoZledge of 
stXdents¶ errors. As in the case of other domains, there Zere specifics of the high school geometry class 
that shaped the items Ze developed. 7hXs, Zhile Ze did create items that probed for teachers¶ NnoZledge 
of stXdents¶ misconceptions aboXt geometric concepts �e.g., angle bisector�, Ze also created items that 
probed for their NnoZledge of stXdents¶ misconceptions aboXt processes or practices that are specific to 
geometry²sXch as the notion that empirical evidence is sXfficient proof or that definitions are e[haXstive 
descriptions. 

 

 

Figure 1: Example of an SCK-Geometry Item (left) and KCT-Geometry Item (right) 

2Xr research groXp drafted and revised an initial set of TXestions inclXding 13 CC., 20 SC., 26 .C7, 
and 16 .CS TXestions� this drafting and revision process relied among other things on general gXidance 
and comments on specific items by Deborah %all, +yman %ass, /aXrie Sleep, and MarN 7hames.2 7he 
TXestions drafted tooN the form of mXltiple�choice items, as Zell as mXltiple�response items Zithin a 
single TXestion �e.g., a single stem Zith 3±4 yes�no TXestions folloZing�. 7hese items Zere sXbmitted to a 
process of cognitive pretesting �.arabenicN et al., 2007�, by Zay of intervieZing teachers and asNing them 
to comment on Zhat they thoXght each item Zas asNing. Data from the cognitive intervieZs Zas also Xsed 
to e[amine the content validity of the items, as Zell as improving sXch validity. ,tems Zere revised to 
improve interpretability and validity. A revised set of items Zas pilot tested Zith inservice secondary 
mathematics teachers from the same MideZestern state betZeen -Xly and 2ctober of 2011. 7en TXestions 
from each domain Zere Xploaded into the /essonSNetch online platform and completed by participants 
Zho tooN them either by coming in person to a compXter lab �37 participants� or by responding to the 
items online from their homes or ZorNplace �10 participants�. For the pXrposes of this chapter, all data 
reported is pooled from both samples �n   47�. Participants Zere predominantly CaXcasian �96.4�� and 
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female �56.4��. Participants varied in the amoXnt of mathematics teaching e[perience �M   13.02, SD   
7.30�, mathematics content coXrses �M   10.78, SD   4.46�, and mathematics pedagogy coXrses �M   3.04, 
SD   2.54�. Additionally, 67� of participants had taXght Geometry for 3 years or more. Participants 
completed other TXestionnaires inclXding one in Zhich they reported on their years of e[perience teaching 
secondary school mathematics and teaching high school geometry. 2Xr goal Zas to Xse the pilot to select 
five TXestions from each domain, as Zell as additional pXblic�release items. 

,tem analysis for the M.7�Geometry test Zas condXcted separately for each domain �CC., SC., 
.CS, .C7�. We also Xsed the pilot data to select the pXblic�release TXestions �see FigXre 1�. ,n e[amining 
the fit of items for each domain, Ze Xsed biserial correlations �CrocNer 	 Algina, 2006� to measXre item 
discrimination or hoZ Zell the items discriminated betZeen higher scoring test�taNers and loZer scoring 
test�taNers. CrocNer and Algina �2006� note that in performing classical item analysis sXch as the one Ze 
present here shoXld ³«have 5 to 10 times as many sXbMects as items´ �p. 322�. Since Ze condXcted item 
analysis per M.7 domain, this sXggests a sample of appro[imately 50 participants �5�10 items per 
domain�.   

7he item analysis of all 10 CC. TXestions yielded an initial Cronbach¶s alpha coefficient of .54. We 
Xsed loZ biserial correlations �beloZ .30� as one indicator for possible item removal. 7his resXlted in the 
removal of 3 TXestions and an acceptable level of internal reliability  
��   .64�. 7he final set of seven TXestions had biserial correlations ranging from .30 to .48, sXggesting 
sXfficient item discrimination. Additionally, item difficXlty, in the form of percentage of the sample 
selecting the µcorrect¶ ansZer, ranged from 30� to 83�.  

We applied the same process to the stXdy of the 10 TXestions that pXrported to measXre the SC. 
domain. ,tem analysis resXlted in the removal of three TXestions. 7he internal reliability of the remaining 
TXestions Zas foXnd to be sXfficient ��   .68�,  Zith item difficXlties ranging from 19� to 96�. 7hese 
resXlts sXggest both sXfficient item discrimination and range of difficXlty levels. ,tem analysis for the .C7 
domain led to removal of 3 items Zith a Cronbach¶s alpha of .57 Zith item difficXlties ranging from 17� 
to 60�. ,tem analysis of the ten .CS items resXlted in the removal of 3 items. ,tem difficXlties ranged 
from 17� to 74� ��   .62�. 

Table 1: Composite Scores and Descriptive Statistics 

Domain M S
D 

N � 

CCK – Geometry 0.68 0.22 48 0.64 
SCK – Geometry 0.64 0.19 48 0.68 
Subject Matter Knowledge of Geometry (CCK & SCK) 0.66 0.18 48 0.74 
KCT – Geometry 0.39 0.24 47 0.57 
KCS – Geometry 0.44 0.25 47 0.62 
Pedagogical Content Knowledge of Geometry (KCT & 
KCS) 

0.41 0.21 47 0.66 

MKT – Geometry  0.54 0.18 47 0.84 
 

Table 2: Correlations Between MKT-G Domain Scores 

 CCK SCK KCT KCS 
CCK -    
SCK .44** -   
KCT .41* .59** -  
KCS .68** .55** .48** - 

*p < .05, **p < .01 
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,tems chosen throXgh item analysis Zere Xsed to compXte scores for each domain �CC., SC., .C7, 
and .CS� shoZn in 7able 1 above. Correlations betZeen the domain scores are presented in 7able 2, and 
sXggest moderate to strong relationships betZeen the different domains. 7hese resXlts shoZ similar trends 
to those foXnd by +ill et al. �2004� for CC. and .CS, Zhich sXggest that the different domains are, to a 
degree, interrelated. 7hXs, Ze interpret the findings from 7able 2 similarly in that sXch relationships maNe 
sense, as it ZoXld be XnXsXal for a teacher Zith higher .CS or .C7 scores to have significantly loZer 
CC. and SC. scores.  

FolloZing the notion proposed by %all et al. �2008� that some of the M.7 domains �notably .CS, 
.C7, and .noZledge of Content and CXrricXlXm� operationali]e the notion of Pedagogical Content 
.noZledge Zhile the other M.7 domains �CC., SC., and +ori]on Content .noZledge� operationali]e 
SXbMect Matter .noZledge, Ze created tZo additional scores� PC.�G Zhich aggregates scores in .C7 and 
.CS and SM.�G Zhich aggregates scores in SC. and CC.. 7hese are also sXmmari]ed in 7able 1.  

Relationships Between MKT-G Scores and Teaching Experience 

2Xr interest in M.7 contribXtes to a larger proMect that investigates the inflXence that individXal 
factors �sXch as mathematical NnoZledge for teaching� and sociali]ation to the ZorN demands of teaching a 
particXlar high school coXrse �in this case, high school geometry, as indicated by teachers¶ recognition of 
instrXctional norms and professional obligations� have in the decisions that a teacher ZoXld maNe. A 
TXestion Ze posed to the pilot data is Zhat is the relationship betZeen mathematical NnoZledge for 
teaching geometry and e[perience teaching the high school geometry coXrse. 7herefore, Ze correlated 
scores for each domain Zith teachers¶ years of e[perience teaching high school, bXt also Zith teachers¶ 
years teaching mathematics in general. 7hese resXlts are presented in 7able 3.  

5esXlts indicated a statistically significant and positive relationship for each domain e[amined. 7hese 
resXlts shoZ that the more years of e[perience a participant had teaching high school geometry, the higher 
their scores Zere for each domain. While that relationship Zas statistically significant for years of 
e[perience teaching geometry, sXch a relationship Zas not foXnd to be statistically significant, or 
particXlarly meaningfXl in si]e for most measXres, Zhen looNing at years of e[perience teaching 
mathematics in general. 7herefore, these resXlts sXggest that Zhile teaching e[perience may affect M.7�
Geometry scores, it is the particXlar e[perience of teaching the geometry coXrse. 7o the e[tent that 
mathematical NnoZledge for teaching is the NnoZledge of mathematics Xsed in the ZorN of teaching, the 
resXlts lead to asN hoZ the specifics of the instrXctional ZorN a teacher does in a coXrse matter in the 
mathematical NnoZledge for teaching the teacher has.  

Table 3. Correlations Between Experience-Type and Score 

 Years Teaching 
Geometry 

Years Teaching 
Mathematics 

CCK-G .32* .03 
SCK-G   .31*   .11 
SMK-G   .37**   .08 
KCT-G   .36*   .27 
KCS-G .37*   .13 
PCK-G   .42**   .23 
MKT-G   .43**   .17 
*p < .05, **p < .01 

Discussion and Conclusion 

,n oXr earlier and parallel ZorN Ze have argXed that the particXlar natXre of the didactical contract 
�%roXsseaX, 1997� +erbst 	 Cha]an, in press� for a coXrse creates conditions of ZorN that maNe the 
teaching of geometry different than the teaching of other mathematics coXrses, inclXding algebra.  7he data 
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shoZn above seems to sXggest that teachers of geometry have more mathematical NnoZledge for teaching 
geometry, Zhile the difference does not seem to be accoXntable to general e[perience teaching secondary 
mathematics. While at one level one might not find that resXlt sXrprising, the fact that three of the foXr 
domains of mathematical NnoZledge for teaching Ze tested for �SC., .C7, and .CS� are defined as 
mathematical NnoZledge Xsed in the ZorN of teaching helps raise TXestions for fXtXre inTXiry.  

As Ze noted above, the cXrrent conceptXali]ation of M.7 has not addressed content differentiation 
Zithin domains. A natXral Zay of thinNing aboXt differentiation coXld be the topical content of the item²
items draZing on NnoZledge from different branches of mathematics might aggregate into different scores. 
%Xt that approach seems to apply Zell only to differentiation Zithin the domain of Common Content 
.noZledge. 7o the e[tent that the other domains are defined in relation to the ZorN of teaching, it is 
plaXsible that differentiation Zithin each domain Zill reTXire considerations of the specifics of the teaching 
involved. 7he resXlts from this stXdy sXggest that the teaching of high school geometry may entail specific 
mathematical NnoZledge demands.  

,n particXlar, SC. is defined as the NnoZledge of mathematics Xsed in doing the tasNs of teaching. 
2ne coXld e[pect that some of those tasNs Zill not be coXrse specific� 7he tasN of creating a grading 
system, for e[ample, involves a teacher in maNing a mathematical model that feeds from grades in 
individXal assignments� bXt there is no reason for this mathematical ZorN to be different for teachers of 
different high school coXrses. 2ther tasNs of teaching, hoZever, Zhile amenable to generic statement �e.g., 
choosing the givens of a problem for stXdents�, may involve practitioners in different mathematical ZorN 
depending on the specifics of the tasN �e.g., choosing the nXmbers for a Zord problem in algebra involves 
different mathematical ZorN than constrXcting a geometric diagram to inclXde in a geometry ZorNsheet�. 
Are those differences merely differences in mathematical strand �algebra vs. geometry� or do they also 
reflect differences in the instrXctional sitXations �+erbst, 2006� to Zhich those tasNs contribXte"  

We sXggest that the management of instrXctional sitXations involves teachers in singXlar mathematical 
ZorN. An instrXctional sitXation has been defined �+erbst, 2006� as a frame for e[changes betZeen types 
of mathematical ZorN that stXdents Zill be doing and the NnoZledge claims that a teacher can maNe on 
their behalf based on their accomplishing that ZorN. 7he teacher¶s management of instrXctional sitXations 
inclXdes in particXlar the choosing of the varioXs tasNs that constitXte that ZorN, the observation of the 
proceeds �Zhat stXdents actXally do�, and the effecting of e[changes betZeen sXch observed actions and 
the NnoZledge at staNe �identifying at least for herself bXt possibly also pXblicly to the class hoZ Zhat 
stXdents have done indicates their NnoZledge of Zhat is at staNe�. While the definition of these tasNs of 
teaching is general, the mathematical NnoZledge called forth in doing them ZoXld be different across 
different coXrses, as long as the specific e[changes Zere different.  

A case in point that helps argXe that instrXctional sitXations matter comes from one SC. TXestion in 
oXr instrXment. 7his Zas a mXltiple�response TXestion Zith tZo items� the stem spoNe of a teacher needing 
to choose algebraic e[pressions for the sides of an isosceles triangle Zhere the stXdents ZoXld be e[pected 
to find the lengths of the sides of the triangle after solving an eTXation. (ach item provided e[pressions for 
the three sides and asNed Zhether or not they Zere appropriate e[pressions. A TXicN e[amination of the 
responses to the item indicated that teachers Zith more or less years e[perience teaching geometry �! 3 
years and � 3 years, respectively� did not respond mXch differently for the item Zhere the eTXation coXld 
not be solved. +oZever, the tZo types of teachers¶ responses did shoZ differences for the item Zhere the 
eTXation coXld be solved� the less e[perienced teachers tended to ansZer that the e[pressions Zere 
appropriate Zhile e[perienced teachers that they Zere not. ,n fact, the nXmbers obtained after solving the 
eTXation ZoXld not ZorN to represent the sides of a triangle in that the triangle eTXality ZoXld not hold for 
those nXmbers. We conMectXre that the e[perienced teachers¶ familiarity Zith the instrXctional sitXation of 
³calcXlating a measXre´ �+erbst, 2010� mattered in their decision to checN that the e[pressions ZoXld yield 
sides Zith positive lengths and that they ZoXld satisfy the triangle ineTXality. 2Xr conMectXre is not that the 
non e[perienced teachers did not NnoZ the triangle ineTXality, bXt that they did not NnoZ it mattered in 
this tasN of teaching, possibly becaXse they only saZ the problem as an e[ercise in algebra rather than also 
as an e[ercise in triangle properties.  More generally, Ze conMectXre that tasNs of teaching that are 
sXbservient to instrXctional sitXations specific to a given coXrse of stXdies might involve teachers in 
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mathematical ZorN that teachers Zho are e[perienced in managing those sitXations ZoXld NnoZ better hoZ 
to do. We sXggest that considerations of the natXre of the instrXctional sitXations in a coXrse coXld lead to 
analogoXs differentiation Zithin the domains of .C7 and .CS as Zell.  

Endnotes 
1 5esearch reported had the sXpport of the 1ational Science FoXndation throXgh grant D5/�0918425 

to P. +erbst. All opinions are those of the aXthors and don¶t necessarily reflect the vieZs of the 
FoXndation. 

2 Daniel Chazan, a co-PI of this project was also involved in design discussions.  Individuals involved 
in the drafting of items included Michael Weiss, Wendy Aaron, Justin Dimmel, Ander Erickson, and 
Annick Rougee. 
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