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This study developed twelve instructional modules based on the National Assessment of Educational 
Progress for mathematics content and methods courses for preservice elementary and middle school 
teachers and examined their impact on PSTs’ mathematical content knowledge and self-efficacy beliefs 
about teaching mathematics. The modules help preservice teachers: (1) improve their mathematical 
content knowledge, (2) learn how to use effective methods to teach mathematics; and (3) become aware of 
uses of NAEP. Mathematical content knowledge was measured by instruments from the Learning 
Mathematics for Teaching project and mathematics teaching efficacy beliefs were measured by the 
Mathematics Teaching Efficacy Beliefs Instrument or the Yackel Beliefs Survey. Modules were found to 
increase PSTs’ mathematical content knowledge for teaching and improve their teaching efficacy beliefs. 

.eyZords� 7eacher (dXcation±Preservice� 7eacher .noZledge� 7eacher %eliefs 

1ational reports �ProMect .aleidoscope, 2006� 1ational Academies, 2003, 2008� %all, Ferrini�MXndy, 
.ilpatricN, Milgram, Schmid, 	 Schaar, 2005� pointed oXt the Xrgent need to improve the TXality of 
science, technology, engineering, and mathematics �S7(M� edXcation programs. 7he 1ational Academies 
�2006, cited in P.A/, 2006� advised increasing ³America¶s talent pool by vastly improving .±12 science 
and mathematics edXcation´ �p. 4�2�. SXch progress rests on improved mathematical edXcation of teachers. 
Morris �2006� stated, ³Preservice teachers rarely e[it their mathematics teacher edXcation program as 
e[perts´ �p. 471�. 7he TXestion therefore becomes, hoZ do mathematics teacher edXcators help PS7s better 
develop their e[pertise, especially dXring their early careers" ,t is difficXlt to address the learning needs of 
preservice teachers �PS7s� dXe to the large nXmber of concepts, sNills, and strategies that mXst be acTXired 
at a high level of competence to teach sXccessfXlly. 7his fact mXst be Nept closely in vieZ by facXlty of 
mathematics content and methods �MC	M� coXrses for teachers. We mXst carefXlly e[amine the goals of 
these coXrses and asN� �1� Are we giving students enough experiences in the areas we expect them to 
master? �2� Do they have sufficient opportunities to consider problems from both students’ and teachers’ 
viewpoints? and �3� Do they have sufficient opportunities to examine both student work and student 
achievement data? 

,t is insXfficient to discXss problem solving, development of stXdent conceptions, and assessment of 
mathematical learning, in abstraction. Preservice teacher edXcation mXst have a strong stXdent focXs and 
be rooted in aXthentic classroom data. 1ovices need specific e[periences in hoZ to analy]e stXdent ZorN, 
assess stXdent Xnderstanding, and in scoring stXdent ZorN Zith varioXs rXbrics. PrevioXs researchers 
�Morris, 2006� 2sana, /acroi[, 7XcNer, 	 Desrosiers, 2006� reported the benefits of asNing PS7s to 
analy]e mathematics teaching episodes from real practice. Morris �2006� described a stXdy Zhere PS7s¶ 
abilities to analy]e videotaped teaching episodes differed marNedly on the basis of Zhether they Zere told 
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beforehand that a lesson Zas XnsXccessfXl or Zhether they had to maNe this determination independently. 
Morris¶s stXdy sXggests that Zhat PS7s focus on and attend to, in analy]ing teaching and stXdent 
performance, is linNed to Zhat e[periences and gXidance they receive from teacher edXcators.  

CXrrent efforts to improve mathematics teaching recogni]e the importance of helping teachers �a� gain 
depth in their mathematical content NnoZledge, �b� master speciali]ed content�related strategies needed to 
help children learn mathematics, and �c� learn pedagogical and assessment practices to improve the TXality 
of teaching and stXdent learning �+ill, 5oZan, 	 %all, 2005� %all 	 +ill, 2004� %all 	 %ass, 2000�. We 
believe that the analysis of soXnd mathematical tasNs, discXssion of e[planations for mathematics 
procedXres and concepts, carefXl analysis of stXdent ZorN, and discXssion of assessment practices shoXld 
be a focXs of preservice mathematics content and methods coXrses and that these e[periences shoXld occXr 
across the teacher edXcation program. 7he 1orth Carolina 1A(P proMect foXnd preservice teachers to be 
especially receptive to 1A(P�related instrXction that Zas clearly linNed to e[amples of stXdent ZorN, 
analysis of that ZorN, and e[amination of stXdent performance data.  

Purpose 

7he goal of the North Carolina NAEP: Improving Mathematics Content and Methods Courses proMect 
Zas to modify materials from Learning from NAEP: Professional Development for Teachers �%roZn 	 
ClarN, 2006� for Xse in preservice mathematics content and methods coXrses, to e[pand the materials to 
inclXde more recent 1A(P assessment resXlts, and to inclXde, and focXs on, more mathematics content. 
While 1A(P prodXces a vast amoXnt of data concerning stXdents¶ learning and achievement, this Zealth 
of data is not alZays Xsed effectively Zithin preservice teacher edXcation coXrses to help PS7s become 
aZare of Zhat these data shoZ. 7he proMect addressed three research TXestions, tZo of Zhich are addressed 
in this paper� 

1. +oZ can mathematics content and methods �MC	M� coXrses for preservice XndergradXates and 
gradXate stXdents be improved throXgh the integration of 1A(P" 

2. +oZ can 1A(P�related materials be Xsed in MC	M coXrses to help beginning teachers see the 
connections among the folloZing areas� �a� teachers¶ content NnoZledge, �b� stXdent 
Xnderstanding, �c� classroom assessment practices, �d� analysis of stXdent performance data, and 
�e� Xse of 1A(P data to address issXes of eTXity" 

7he resXlts described here e[plain the Zays in Zhich the modXles appeared to inflXence preservice 
teachers¶ mathematical content NnoZledge and hoZ they seemed to inflXence their mathematics teaching 
efficacy beliefs. Goals and oXtcomes of the proMect inclXde� 

1. The improvement of MC&M courses for elementary and middle school PSTs to produce 
teachers knowledgeable about mathematics content and pedagogy and knowledgeable about 
difficulties students have in learning mathematics topics. 

2. The improvement of MC&M courses to produce teachers able to use NAEP and other 
assessment data to consider issues of equity and to modify teaching to address them. 

3. Improving teachers’ knowledge of various assessment strategies including designing and using 
problem solving rubrics. 

4. The development of (a) multimedia materials that illustrate critical mathematics concepts, 
NAEP-related problems, examples of student errors, statistics concerning student achievement 
on NAEP problems, and activity sheets providing guidance for group analysis of this 
information within MC&M courses; and (b) a project website. 

5. Enhancing instruction and communication between institutions within the North Carolina 
Community College system and the University of North Carolina system.�

7he proMect team involved mathematicians and mathematics edXcators from the folloZing Xniversities 
and commXnity colleges� Appalachian State University, the University of 1orth Carolina Charlotte, the 
University of 1orth Carolina Wilmington, Forsyth 7echnical CommXnity College, Mayland CommXnity 
College, and WilNes CommXnity College. The UNC Teacher Preparation Program Effectiveness Report 
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�+enry, 7hompson, %astian, Fortner, .ershaZ, MarcXs, 	 =Xlli, 2011� conclXded that the folloZing 
programs Zere oXtperforming their reference groXp comparisons in these areas� 

Appalachian State University ± (lementary Program� elementary mathematics 
University of 1orth Carolina Wilmington ± Middle School and Secondary Mathematics Programs� 
middle school and secondary mathematics 
University of 1orth Carolina Charlotte± Middle School Programs� middle school mathematics �+enry 
et al., 2011, p. 11� 

7hXs, Ze Zere able to integrate, Zithin the proMect modXles, instrXctional practices that have been deemed 
effective in improving teacher preparation at the participating institXtions.  

7he proMect team inclXded tZo practicing teachers, one from the elementary level �Ms. Anderson� and 
one from middle school �Mr. Schmal�. 7hese teachers helped the team linN the 1A(P assessment resXlts to 
the realities of daily classroom practice throXgh their contribXtions to the Zriting teams and throXgh their 
commentaries concerning hoZ 1A(P data mirror the types of stXdent ZorN and difficXlties that they 
observe in their classrooms. 7Zelve modXles Zere prodXced, foXr for each of these levels� elementary, 
middle school, and commXnity college. 7he commXnity college modXles are directed at XndergradXate 
mathematics coXrses freTXented by preservice teachers. 7he modXles employ a variety of instrXctional 
approaches inclXding� Xsing active learning strategies� condXcting analyses of 1A(P resXlts� condXcting 
analyses of stXdent ZorN� developing Xnderstanding of the mathematics contained in 1A(P problems� and 
developing aZareness of 1A(P rXbrics and procedXres for assessing stXdent ZorN. 7he elementary 
modXles address the areas of� fraction number sense, addition and subtraction, early algebra, and 
geometry. 7he middle school modXles inclXde the topics� proportional reasoning, geometric and spatial 
reasoning, linear growth and rates of change, and data analysis. 7he commXnity college modXles cover 
the topics of: algebra, probability, proportional reasoning, and spatial reasoning. 7he stXdy resXlts 
sXggest that seeing their college mathematics and mathematics edXcation instrXctors model more inTXiry�
based pedagogical strategies positively inflXences and broadens PS7s¶ vision of effective mathematics 
instrXction. 

7he modXles are fle[ible alloZing for inclXsion Zithin different coXrse strXctXres and time allotments. 
(ach modXle contains� 

1. PXrpose  
a. Specification of the mathematical concept�s� addressed 
b. Specification of pedagogical approaches  

2. 2vervieZ 
a. ModXle goals 
b. ModXle activities 

3. %acNgroXnd and conte[t notes 
a. ,nclXdes research brief concerning math concept and relevant pedagogical issXes 
b. ,nclXdes discXssion of common stXdent errors based on research 
c. ([amines 1A(P stXdent performance data in conte[t of relevant research 

4. Preparing to teach the modXle �,nstrXctor notes not covered elseZhere� 
5. ,ntrodXctory PoZerPoint presentation for the modXle �to be presented to PS7s� 

a. Specification of the mathematical concept�s� being addressed 
b. Specification of pedagogical issXes addressed 

6. Teaching the Module plan for the Xniversity�college instrXctor that provides�  
a. Goals and obMectives of the modXle  
b. 7ime reTXired for modXle 
c. What mathematics is addressed and grade band�s� 
d. +oZ 1A(P resoXrces Zill be Xsed 
e. Materials reTXired 
f. 1C7M Principles or Process Standards addressed 
g. 1A(P Content Strand (mphasi]ed 
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h. Description of class activities �Activities shoXld inclXde samples 1A(P problems, stXdent ZorN, 
and performance data� 

i. Directions for condXcting class activities 
M. StXdent activity sheets 
N. DiscXssion gXide 

7. 5eferences 

(ach modXle inclXdes recommended readings and 7eaching 1otes to help instrXctors implement the 
activities. 7he instrXctor can access PoZerPoint presentations as Zell as a Moodle�based coXrse shell 
that inclXdes the instrXctional materials. ([ample modXles are available on the proMect Zebsite 
http���ncnaep.rcoe.appstate.edX�. 2nline and face�to�face professional development opportXnities are 
planned for 2013±15. 

Method 

,nstrXctional modXles based on 1A(P data Zere developed and implemented in mathematics content 
and methods coXrses aimed at preservice elementary and middle school teachers Zho Zere enrolled at 
three Xniversities and tZo commXnity colleges from fall 2008 to spring 2010. 7hXs far, roXghly 750 PS7s 
have been impacted by the proMect. ([ternal evalXators analy]ed three data soXrces� �1� PS7s¶ performance 
on a mathematics NnoZledge assessment �/M7�� �2� PS7s¶ responses to mathematics teaching beliefs 
TXestionnaires, the Mathematics Teaching Efficacy Beliefs Instrument �M7(%,� �(nochs, Smith, 	 
+XinNer, 2000� or the Yackel Belief Survey �4Xillen, 2004�� and �3� facXlty responses to the NC NAEP 
ZorNshop sXrveys and their reported Xse of NC NAEP modXles. 7he sample inclXded PS7s Zho Zere 
given a mathematics content NnoZledge test and a teaching self�efficacy TXestionnaire at the beginning 
and end of the semester. 7he proMect inclXded sections of e[perimental coXrses at each Xniversity as Zell as 
control sections that did not Xse the proMect modXles. 7he elementary preservice teachers Zere given the 
LMT: Grades 4–8 Geometry test or the LMT: Elementary School Number Concepts and Operations–2004 
test, dependent Xpon their specific coXrse enrollment. 7he middle school preservice teachers Zere 
administered the LMT: Middle School Number Concepts and Operations test, as Zere the commXnity 
college stXdents. ,t is significant to note that the /M7 tests do not MXst measXre mathematics content 
NnoZledge� they measXre a teacher¶s NnoZledge of mathematics for teaching. 7hXs, this data helps Xs 
learn not only hoZ the PS7s thinN aboXt mathematics concepts bXt it also helps Xs to form a pictXre of hoZ 
they interpret possible stXdent responses to certain mathematical scenarios. 7o ensXre comparability across 
all data collected, the analysis inclXded only stXdents in each groXp, �e.g., coXrse specific, higher edXcation 
setting, and grade�level focXs� for Zhich evalXators Zere able to match both the pre�post scores on each 
instrXment. After linNing stXdents Zith their pre and post scores, the evalXators condXcted a range of 
statistical tests inclXding significance and regXlar mXltiple regression tests, as Zell as item response 
analyses.  

Key Findings 

7he resXlts from the NC NAEP Project sXggest that the 1ational Assessment of (dXcation Progress 
can inform instrXctional practice. 7his report shares findings based on the evalXators¶ analysis²Xsing a 
mi[ of data from several instrXments �i.e., Mathematics Teaching Efficacy Beliefs Instrument �M7(%,�, 
the Yackel Belief Survey �<%S�, and the Learning Mathematics for Teaching instrument �/M7�� Xsed at 
different stages of the proMect, and Zith popXlations of stXdents from 2 to 4�year XndergradXates. 7hree 
main proMect components evalXated are discXssed beloZ� �1� PS7s¶ learning in terms of content NnoZledge 
and mathematics teaching efficacy beliefs� �2� learning by the college �Xniversity facXlty impacted by the 
proMect� and �3� the TXality of the modXles and accompanying materials. 

Impact on Pre-Service Teachers’ Content Knowledge 

Finding #1.  ProMect facXlty Zere differentially effective in increasing PS7s¶ mathematics content 
NnoZledge for teaching as measXred Zith an /M7 test. %ecaXse positive groZth varied strongly across 
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stXdents linNed to different proMect facXlty, the resXlts sXggest overall positive effects. 7he difference in 
facXlty effectiveness is significant at p � 0.01.  2ver half of the proMect facXlty had stXdents Zho gained, on 
average, a standard deviation or more in post�test scores. 

Finding #2. All PS7s shoZed improvement in their NnoZledge of mathematics, Zith elementary PS7s 
maNing the largest gains. 7reatment elementary PS7s shoZed statistically higher gains in their pre�post 
NnoZledge of mathematics for teaching as compared to a control.  

Elementary Pre-Service Teachers 
7he average nXmber of correct items on the baseline /M7 test for all pre�service elementary teachers 

Zas 10, Zhile the average nXmber correct on the post�test Zas 12.4.  7here Zas little variation in the test 
scores betZeen stXdents in the control and treatment groXps²the average pre�test score Zas 10 for both 
groXps, and the average post�test scores Zere 12 and 12.50 respectively. 

7he post�/M7 test gain for elementary pre�service teachers corresponds roXghly to a 2 to 3�item 
increase, per stXdent, in the raZ nXmber of correct items.  Considering that the assessment Zas not 
designed e[clXsively to match the cXrricXlXm of all or any particXlar coXrse, this gain is a promising 
finding. 7he standard deviation of the pre and post�test scores for stXdents in the treatment groXp Zere 
.892 and .626, respectively, maNing this gain a third standard deviation in si]e, and statistically significant 
at p � .001. 

Pre�service teachers pre and post�/M7 scores in spring 2010 Zere higher in the nXmber of overall 
correct items by 2 than compared to teacher¶s pre�post scores in fall 2009.  An analysis of matched items 
from the pre�post /M7 shoZed that spring 2010 stXdents performed significantly better on items designed 
to measXre operations content NnoZledge than other stXdents.  Correct responses to items 5 and 8 Zere 
positively and strongly predictive of teachers¶ NnoZledge of mathematics, and higher raZ scores than other 
matched items. 7hese resXlts sXggest that as the proMect proceeded and the proMect modXles Zere more 
effectively integrated Zithin the coXrses, the benefits became more pronoXnced. 

Middle School Pre-Service Teachers 
7he nXmber of middle schools pre�service teachers for Zhich there Zere matched pre�post test scores 

for Zas considerably smaller than the sets for the commXnity college and elementary pre�service teachers. 
7his data is reported for comparison pXrposes, bXt Ze sXggest the resXlts be vieZed Zith caXtion becaXse 
of the relatively high standard error compared to other sXb groXps.  Analysis of the pre�post /M7 scores 
for pre�service middle school teachers revealed a statistically significant increase in post�test scores at the 
5 percent level overall, and in both fall 2009 and spring 2010. 

Finding #3. Preliminary resXlts indicate a high degree of correlation r   0.78 betZeen PS7s¶ personal 
beliefs of math and math instrXction and their performance on the /M7. 7he relationship betZeen 
NnoZledge of mathematics teaching Zas strongest Zith the personal efficacy sXb�scale. 

Impact on Pre-Service Teachers’ Self-Efficacy 

Finding #4. (vidence sXggests that the NC NAEP modXles Xsed in different conte[ts inflXence PS7s 
self�aZareness and confidence in their personal efficacy for mathematics and mathematics instrXction. We 
e[amined the relative effects of instrXctional environment �2 or 4�year Xniversity�college� and instrXctor 
Zith different characteristics on PS7 oXtcomes. FoXr XniTXe pair�Zise comparisons of PS7 beliefs Zere 
condXcted� �a� 4�year Xniversity PS7s relative to commXnity college PS7s, �b� elementary school PS7s 
relative to middle school PS7s� �c� elementary pre�service treatment teachers relative to elementary pre�
service control teachers� and �d� fall 2009 PS7s relative to spring 2010 PS7s. 

Among the aggregate resXlts on the M7(%,, PS7s responses indicate changes in nearly every personal 
efficacy item, Zith significantly positive changes �p � 0.001� on three items� �e.g., ³, NnoZ hoZ to teach 
mathematics concepts effectively´�. ,n nearly every dimension �e.g., sXbMect matter�NnoZledge, pedagogy 
and sXbMect�specific pedagogy�, PS7s from spring 2010 had marNedly higher self�efficacy beliefs toZard 
mathematics, Zith elementary PS7s shoZing dramatic shifts²both e[perimental and control. %oth 
elementary pre�service and middle school PS7s from 4�year Xniversities, shoZed a statistically significant 




������������������������!�����(������ ���%�	��������	������� 0/0�

�

���������$��&�	&$���$��&'�&$�+������"$��&��&�)���&*&�)/-./*&�	��������������������
���
�������������������������
����
�������

��������
����
���������������	��������������
���
���������
������������#��$���%�������������������� �����".�

differential �p � 0.001 and p � 0.05, respectively� intra�groXp in their post�mathematics efficacy scores²
indicating changes in their mathematics content and PC.. 

Finding #5. At the end of the semester, PS7s, in general, noted changes in their attitXdes that they can 
positively inflXence stXdent learning²their belief in oXtcomes e[pectancy. (lementary and middle school 
PS7s from spring 2010 shoZed significant changes �p � 0.05� in their oXtcomes e[pectancy beliefs Zhen 
compared to candidates from Fall 2009²both e[perimental and control.  

Impacts on Faculty Instructional Practice 

Finding #6. ProMect facXlty foXnd valXe in Xsing proMect resoXrces to improve their oZn instrXctional 
effectiveness. NC NAEP modXles forged connections betZeen mathematics content, instrXctional practice 
and assessment, to help facXlty better prepare PS7s.  

Finding #7. 1on�proMect facXlty foXnd the NC NAEP materials very XsefXl. 7hey reported that the 
training and materials helped them form a personal action plan for Xsing NC NAEP resoXrces and illXstrate 
concrete resoXrces and strategies for improving stXdents¶ preparedness.   

Finding #8. NC NAEP resoXrces helped to challenge participating facXlty¶s preconceptions concerning 
their teaching of mathematics content and methods. Participating facXlty recogni]ed the importance of 
changing their practice to evalXate their stXdents¶ preparedness and to emXlate aXthentic classroom 
activities. 

Conclusions 

7he NC NAEP modXles had important effects on the development of PS7s¶ mathematical content 
NnoZledge, and improved their personal efficacy, oXtcomes e[pectancy, and attitXdes toZard mathematics. 
7he modXles provided a meaningfXl format from Zhich to draZ sitXated, aXthentic resoXrces to sXpport 
critical thinNing and reflection aboXt mathematics instrXction. 7hese modXles have the potential to play a 
critical role in the preparation of high�TXality, Zell�prepared teachers of mathematics. +oZever, some 
limitations of the evalXation shoXld be mentioned. While the /M7 is a reliable measXre of mathematical 
content NnoZledge for in�service teachers, its Xse Zith PS7s is preliminary �Gleason, 2010�. 7o address 
this concern, Ze plan for fXtXre evalXations of the modXles to validate individXal /M7 resXlts Xsing either 
an assessment of PS7s Xse of mathematics content dXring sitXated classroom teaching or Xsing intervieZs 
Zhere stXdents e[plain their thinNing and solXtion process to the test items. Gleason also sXggests that the 
reliability of the /M7 Zith preservice teachers is strengthened throXgh the Xse of mXltiple instrXments. 

,n addition to the findings discXssed above, the proMect team sXbmitted the modXles to an e[ternal 
mathematics edXcator from the Pennsylvania State University for evalXation. 7he evalXator provided 
detailed feedbacN concerning the TXality and Xtility of the modXles, noting� 

2verall, , can see that the proMect has ZorNed hard to integrate 1A(P items, resXlts, and stXdent ZorN 
into modXles that are intended to be disseminated for Xse in PS7 edXcation. Developing meaningfXl 
activities for PS7s is challenging� developing accompanying facilitator notes adds levels of difficXlty 
to the tasN. 7he developers of the materials are to be commended for their ZorN thXs far, particXlarly in 
the area of integrating 1A(P into yoXr materials.  

Some of the evalXator¶s sXggested revisions inclXde� �a� limiting the scope of some of the modXles, 
particXlarly the commXnity college materials, to maNe them easier for instrXctors to implement� 
�b� addressing the issXes associated Zith maNing referenced video clips more accessible� and �c� changing 
some of the facilitator notes to provide more gXidance to instrXctors concerning hoZ to best implement the 
modXles. We are maNing revisions to the modXles based on this helpfXl feedbacN.  

Another indicator of the TXality of the proMect modXles is their adoption for Xse in selected coXrses 
Zithin a neZ mXlti�Xniversity program in 1orth Carolina for an Add-on Certificate in Elementary 
Mathematics �Zhich is similar to a .±5 mathematics specialist�. (valXation of the pilot add�on certificate 
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program shoZed improvements in mathematics content NnoZledge of the teachers enrolled as compared to 
a control groXp. 

7his proMect provides an e[ample of hoZ different commXnities of professionals can contribXte to the 
effectiveness of mathematics teacher preparation programs. Mathematicians and mathematics edXcators, 
inclXding instrXctors from varioXs levels of higher edXcation �doctoral institXtions, 4�year institXtions, and 
commXnity colleges�, and classroom teachers all have a crXcial role to play in the development and 
implementation of aXthentic instrXctional resoXrces in mathematics teacher edXcation. SXch cooperation 
among professionals and institXtions facilitates transitions across the continXXm, inclXding the transition 
that stXdents maNe as they progress throXgh a teacher edXcation program and emerge as an effective 
beginning mathematics teacher. 
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