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Parents, K–8 teachers, and 4th–8th grade children participated as equals in math-focused learning 
communities through the Math and Parent Partners (MAPPS) program. Pre/post testing and qualitative 
interviews revealed that the learning communities served as a platform for improvement in mathematical 
knowledge for teaching of participating teachers. Moreover, teachers learned about parents' knowledge 
and strategies, a construct analogous to Knowledge of Content and Students that we describe as 
“Knowledge of Content and Parents.” 

.eyZords� Mathematical .noZledge for 7eaching� 7eacher .noZledge� ,nformal (dXcation 

Background and Research Questions 

StXdent achievement lags in many economically disadvantaged schools. 7Zo factors associated Zith 
this achievement gap inclXde inadeTXate teacher NnoZledge and loZ parental involvement �+ill, 5oZan, 	 
%all, 2005� -acNson 	 5emillard, 2005�. A school district in the SoXtheast partnered Zith the local 
Xniversity to boost stXdent achievement in 7itle , schools throXgh Math and Parent Partners �MAPPS� 
parent�teacher learning commXnities in mathematics �MAPPS, 2009�. We asNed, 

Does parental involvement in a standards�based mathematics program sXch as MAPPS carried on at 
7itle , .±8 schools improve stXdent Xnderstanding and achievement in mathematics" Secondarily Ze 
asNed, hoZ might this improvement occXr" ,n particXlar, do parents and teachers in MAPPS develop 
mathematical NnoZledge for teaching"  

StXdents Zere foXnd to improve standardi]ed test scores significantly over a three�year period �.napp, 
-efferson, 	 /anders, in press�. +oZever, this paper focXses on factors that may have prompted the 
stXdent improvement. ,n particXlar, Ze describe teachers’ development in mathematical NnoZledge for 
teaching as they participated in MAPPS learning commXnities.  

Theoretical Framework and Literature Review 

+ill, 5oZan, and %all �2005� reported a stXdy in Zhich teachers¶ mathematical knowledge for teaching 
�M.7� Zas linNed to stXdent achievement in first and third grade. Moreover, they foXnd that teachers in 
economically disadvantaged schools tended to possess loZer M.7. 7he frameZorN of mathematical 
NnoZledge for teaching �M.7� relates to the NnoZledge and habits of mind needed to teach mathematics 
Zell �%all, 7hames, 	 Phelps, 2008�. ,n the frameZorN, M.7 inclXdes si[ constrXcts of Zhich Ze focXsed 
on the folloZing foXr in investigating the Math and Parent Partners learning commXnities. Common 
content NnoZledge �CC.� is basic, lay�person NnoZledge of the mathematical content. Speciali]ed content 
NnoZledge �SC.� is the Zay the mathematics arises in classrooms, sXch as for bXilding representations. 
.noZledge of content and stXdents �.CS� indicates a teacher¶s NnoZledge aboXt hoZ stXdents thinN in 
mathematical conte[ts. .noZledge of content and teaching �.C7� indicates a teacher¶s NnoZledge of 
advantageoXs representations or teaching seTXences. M.7 encompasses both content NnoZledge �CC. 	 
SC.� and pedagogical content NnoZledge �.CS 	 .C7�. 

StXdies have additionally shoZn that parent involvement in their children¶s edXcation is linNed Zith 
children¶s academic oXtcomes �D¶Agostino, +edges, Wong, 	 %orman, 2000� (pstein, 1994� .ellaghan, 
Sloane, Alvare], 	 %loom, 1993�. As +enderson and Mapp �2002� stated, ³7he evidence is consistent, 
positive and convincing� families have a maMor inflXence on their children¶s achievement. When schools, 
families, and commXnity groXps ZorN together to sXpport learning, children tend to do better in school, 
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stay in school longer, and liNe school more´ �p. 7�. /oZ�income parents may be Xntapped resoXrces for the 
mathematical achievement of their children. +enderson, Mapp, -ohnson, and Davies �2007� asserted that 
districts serioXs aboXt closing the achievement gap ZoXld have to address the school cXltXre gap that 
e[pects parents to remain relatively Xninvolved in their children¶s mathematics learning. AlthoXgh parental 
involvement may be linNed to stXdent achievement, parents are often not accessed as resoXrces for helping 
children learn mathematics in standards�based school environments �-acNson 	 5emillard, 2005� Perissini, 
1998�. ,n this paper, Ze describe a stXdy of a parental involvement program that engaged parents and 
teachers in mathematics learning commXnities. 

Participants and Context 

7he Math and Parent Partners �MAPPS� program eTXips families to act as mathematical resoXrces for 
their children and for schools. MAPPS cXrricXlXm Zas developed Zith 1ational Science FoXndation 
fXnding to engage .±8 parents in e[ploring Zith peers the concepts and sNills behind the mathematics that 
their children are learning in schools �see http���mapps.math.ari]ona.edX��. CXrrently, the MAPPS program 
serves sites in si[ states and the 9irgin ,slands. 2ne MAPPS site, located in the SoXtheast and the focXs of 
this article, ZorNed toZard improving the mathematical NnoZledge for teaching �%all, 7hames, 	 Phelps, 
2008� of both parents and teachers in 7itle , schools Zithin its school district. All parents, teachers, 
paraprofessionals, and children from selected schools Zere invited to participate. 7he local Xniversity 
partnered Zith MAPPS and the school district to offer Mini�coXrses for parents and teachers, Zhile yoXng 
children participated in related mathematical activities and games. Children in 4th�8th grade accompanied 
their parents in the Mini�coXrse classes. Mini�coXrse sessions convened tZo hoXrs per ZeeN for eight 
ZeeNs. 2ver the coXrse of three years, eight separate 8�ZeeN Mini�coXrses, centered on the 1ational 
CoXncil of 7eachers of Mathematics¶ �1C7M� �2000� content and process standards, Zere offered. 7hese 
Mini�coXrses Zere hosted by the University¶s 2ffice of ContinXing (dXcation, and instrXctors Zere 
gradXate stXdents in mathematics edXcation Zho Zere also practicing teachers.  

 
 
 
 
 
 
 
 

Figure 1: Math for parents Mini-course curriculum 

,n all, 115 children, 59 parents, and 33 teachers from primarily foXr 7itle , elementary schools 
attended at least one Mini�coXrse on a regXlar basis. 1early tZice that many participants attended 
sporadically. Appro[imately 75� of attendees Zere single parents, and those that attended the Mini�
coXrses did so Zith one to three children. Most of the parents had gradXated from high school Zith some 
technical training, and they typically held loZ�income Mobs. Attendees Zere appro[imately 40� 
CaXcasian, 40� African�American, and 20� +ispanic. 7eachers Zho attended faithfXlly received stipends 
and professional learning Xnits. 

MAPPS Mini�coXrses engage parents in doing mathematics Xsing hands�on materials, ZorNing in 
small groXps to solve problems, and presenting their solXtions to the Zhole groXp as oXtlined by the 
1C7M process standards �1C7M, 2000�. %oth content NnoZledge and pedagogical content NnoZledge are 
intertZined into the instrXction for parents �%all, 7hames, 	 Phelps, 2008�, Zith pedagogical 
considerations made relevant by Mini�coXrse instrXctors depending on grade levels of participating 
children.  

8-week Mini-course Title        NCTM Content Standard Addressed   
Thinking About Numbers (offered two times)     Number & Operations 
Thinking About Fractions, Decimals, and Percents (offered 3x) Number & Operations 
Thinking in Patterns (offered once)        Algebra 
Geometry for Parents (offered once)        Geometry and Measurement 
Data for Parents (offered once)         Data Analysis & Probability 
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7o illXstrate the intervention and details of the MAPPS program, Ze describe a learning activity from 
the tZo�hoXr WeeN (ight session from the Fractions, Decimals, 	 Percents Mini�coXrse �see FigXre 1�. 
For the tasN, participants Zere to have shaded a given percentage of varioXs grids for homeZorN from the 
previoXs session. 7he first grid, a bar divided into fifths, reTXired 60� to be shaded �see FigXre 2�. 
Participants had to figXre oXt Zhat percent each fifth represented for the entire grid to eTXal 100�, and 
they discXssed their findings at the beginning of the session.  

 
     

Shade 60� of this grid. 
Figure 2: MAPPS homework task 

A father and his 6th grade daXghter foXnd that each rectangXlar fifth mXst be 20�. 7he father held Xp 
his hand to demonstrate his fingers as the rectangle saying, ³(ach finger is 20, so Ze shaded three of them 
to maNe 60, see �pointing to his fingers� 20, 40, 60.´ /ater in the session, parents, teachers, and children 
made percent strips that they then compared to the fraction and decimal strips made dXring previoXs 
sessions. At the end of each tasN, groXp members reported their varioXs solXtions and strategies to the 
entire class. Sometimes the children presented XniTXe strategies alloZing parents and teachers to learn 
from the children, and visa versa.  

Data Analysis 

7o assess the impact of the MAPPS Mini�coXrses, parents and teachers tooN pre�post tests on 
mathematical NnoZledge for teaching �+ill, Schilling, 	 %all, 2004� and pre�post attitXde sXrveys �7apia, 
1996�. Pre�post tests and sXrveys Zere administered before and after each 8�ZeeN Mini�coXrse. A focXs 
groXp of parents, teachers, and children also participated in 95 pre�post intervieZs. ,ntervieZs lasted 
appro[imately 15 minXtes, and TXestions Zere sXch as these� �1� +ave yoX learned anything aboXt 
mathematics that yoX did not NnoZ before" ([plain. �2� +ave yoX learned anything in MAPPS that helped 
yoX help yoXr child or stXdents Zith math" ([plain. ,ntervieZs Zere coded for evidence of improved 
stXdent Xnderstanding, achievement, and factors that might affect that improvement, sXch as the elements 
of mathematical NnoZledge for teaching� CC., SC., .C7, SC. �see 7able 1�. After coding the 
intervieZs and pre�post sXrveys, Ze tallied the 59 codes to identify the salient areas of participant groZth 
as Zell as factors prompting that groZth. We looNed for clXsters in the data each year, prodXcing primary 
and secondary resXlts for each year. At the end of the stXdy, Ze compressed codes and identified themes 
based on the primary and secondary codes. 7hemes arising from the coding process inclXded strengthened 
teacher content NnoZledge, improved teacher .noZledge of Content and 7eaching, and benefits of the 
learning commXnity. 

Table 1: Teachers’ Results from 34 Teacher Interviews 

Code FreT Description of 5esXlt 
Primary:   
.noZledge of Content and 7eaching 
�.C7� 

56  

Content .noZledge  
SC.�16� CC.�6� 
G/M�6� 

28 Primarily SC. for teachers 

G/M�General learning of mathematics reported that 
coXld not be identified as CC. or SC. 

(nMoyment of�9alXing MAPPS 40 +igh valXe placed on program. 
Secondary:   
/earning CommXnity 23 7he learning commXnity Zas valXed. 
%roader impact of program 10 Program impacted non�MAPPS stXdents. 
StXdent learning�achievement 8  
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Results and Discussion 

We present intervieZ data from several teachers to amplify oXr coding process and themes that 
emerged. ([amples of codes are in bold. 7eacher A, a primary teacher, shared the folloZing�  

AK�  Well can yoX MXst talN to me aboXt hoZ the program Zent for yoX" 
Teacher A� Well, coming in as a teacher, it really helped me see, Xh«MXst a little more in depth looN at 

the math. %ecaXse math isn¶t one of my strengths, , Zill tell yoX, it¶s not one of my strengths. So , 
came oXt to actXally deal Zith liNe ideas, liNe fractions, and really at my oZn pace, Nind of looN at 
Zhat is it, Zhat is a fraction. 

AK� «Can yoX give me a specific one >e[ample@ that maybe yoX Xnderstood sXperficially and yoX 
coXld teach it, bXt noZ yoX Xnderstand it in a different Zay"... 

Teacher A� 2ne of my favorite ones Zas Zhen Ze talNed aboXt fractions. She gave Xs strips and she 
said, ³2Nay, fold this strip into one third� fold it into one eighth, «tZelve. Fold yoXr strip into 
tZelfths. (ighths and thirds.´ And first, Zhen yoX Zanted to maNe the eTXal sections yoX Nind of 
thoXght Zell this is going to be my stopping point. For that line, Zhich is Zhat Ze pXt on oXr strips 
as the stopping point. ,t¶s the space betZeen that maNes that one third. -Xst that space. (ven Zith 
measXrement, Zhen they looNed at the rXler, yoX NnoZ they have all the little increments betZeen 
1 and 2, bXt she Nind of let me see that that space. ,t¶s not as important as Zhat the nXmbers are, 
it¶s that space, the little spaces betZeen the nXmbers that, , hadn¶t really >considered@.  

,n this Mini�coXrse, 7eacher A developed Specialized Content Knowledge (SCK) Zhen she learned 
Zhat Zas mathematically significant aboXt a fractional increment Xsing fraction strips. She came to 
Xnderstand the content more deeply as it arises in a classroom. Moreover, she and other teachers stated that 
after attending the MAPPS Mini�coXrse on fractions, decimals and percents, that the MAPPS materials 
became their handbooN for teaching the Xnit on fractions in their classrooms. After attending MAPPS, this 
teacher and nXmeroXs others made the decision to pXrsXe gradXate degrees in (lementary Mathematics 
(dXcation �Higher Education�. 

Another teacher Zho attended MAPPS described the benefit of the learning commXnity for herself, her 
parents, and her stXdents. 

AK� ,s there anything in MAPPS that has helped yoX to better e[plain math to Nids" 
Teacher B�«Zhen Ze did fractions, decimals, and percents , had so many Nids that ZoXld not 

Xnderstand that, and so , ZoXld literally , ZoXld have one child in my room on this side of me and 
their parent ZoXld be right here. And then , ZoXld have another one from my room on this side 
and Ze ZoXld literally ZorN throXgh e[actly Zhat Ze Zere doing in class Zith adding and 
sXbtracting decimals. We ZoXld taNe the Xnit cXbe, and it ZoXld be the one Zhole or the Xnits, 
rods, and  

AK� flats. 
Teacher B� flats. And that helps too Zith the Nids Zhen they go home and say, ³Well oXr teacher told 

Xs that 5 and 50 are the same.´ And the parents are going, ³1o,´ yoX NnoZ. 

7his episode e[emplifies the parent�teacher interaction enshrined in the learning community. 7he 
teacher coXld see first�hand the disconnect betZeen school learning and home learning. ,t became evident 
to her that children appeared to Xnderstand the concept in class, bXt they Zere Xnable to verbali]e their 
misconceptions adeTXately to their parents Zho did not NnoZ aboXt the base�10 blocN representation for 
decimals. She reali]ed that stXdents Zere maNing confXsing comments sXch as, ³2Xr teacher told Xs that 5 
and 50 are the same,´ to the parents. 7he e[perience alloZed the teacher to develop Knowledge of 
Content and Students (KCS) aboXt stXdent misconceptions, in this case not Xnderstanding that 5 rods 
Zere the same as 50 Xnit cXbes. 7he MAPPS session amplified the stXdent and parent misXnderstandings 
for the teacher, and at the same time, helped the parent to develop Specialized Content Knowledge 
(SCK) aboXt hoZ base�10 blocNs can represent decimal operations.  

7eacher % additionally e[pressed that the MAPPS instrXctors modeled good e[planations for her and 
helped her be reflective. 2ther teachers stated that MAPPS helped them learn connections betZeen 
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mathematical topics sXch as fractions, decimals, and percents. Paraprofessionals and sXbstitXte teachers 
Zho participated also reported that MAPPS eTXipped them to assist Zith instrXction in mathematics. 
Finally, the MAPPS environment helped teachers add rigor to their teaching practice. 7eacher A stated, ³, 
thinN , Zasn¶t really going in depth as mXch as , coXld.´ She learned to facilitate conceptXal Xnderstanding 
at a deeper level than had been afforded throXgh teaching fractions by rote.  

7he TXalitative resXlt that teachers improved their content NnoZledge Zas sXbstantiated by M.7 test 
resXlts. Significant changes Zere noted Zhen the first Mini�coXrse to the last Mini�coXrse scores Zere 
compared �n 20� p .052�. 7he content NnoZledge tests Zere designed sXch that a Zell�prepared 
elementary teacher ZoXld get 50� of the TXestions correct �+ill, Schilling, 	 %all, 2004�. AlthoXgh the 
test scores improved significantly, the average scores did not rise above this 50� benchmarN. 7his data 
sXggests that teachers involved in the program Zere in need of fXrther instrXction in mathematics for 
teaching and highlights the importance of the resXlt that the MAPPS parent�teacher learning commXnities 
bXilt teachers¶ confidence as mathematics learners and emboldened some to attend gradXate school in 
mathematics edXcation.  

7he ne[t aspect of mathematical NnoZledge for teaching that developed for both parents and teachers 
dXring MAPPS Zas .noZledge of Content and 7eaching �.C7�. 7eachers reported learning to model 
problems Zith tasNs and manipXlatives, instead of relying as heavily on direct instrXction and drill. We 
considered this shift to be .C7 becaXse teachers Zere e[panding their repertoire of effective e[amples and 
teaching seTXences that they over and over reported taNing bacN to their classrooms, sometimes as an 
entire grade level �broader impact�. An intervieZ displayed a teacher learning aboXt the instrXctional 
advantage of a dynamic representation to help her teach sXbtraction Zith regroXping. 

Teacher B� 7he other thing that , Xsed that they shoZed Xs talNed aboXt the virtXal manipXlatives, Zas 
the Zebsite Zhere yoX can, there are the little Xnit cXbes, the rods, and the flats« 

AK� 7he base ten blocNs" 
Teacher B� <eah and yoX can drag them over and shoZ and the Nids can go Xp to the active board and 

manipXlate those aroXnd and they MXst loved that becaXse , needed a tool Zhen , Zas teaching the 
Nids even MXst Zhen Ze Zere learning sXbtraction Zith regroXping. 

7eacher % Zent on to e[plain that her stXdents Zere confXsed Zhen Xsing the concrete base�10 blocNs 
and that her static draZings Zere inadeTXate. +oZever, after attending MAPPS, she engaged stXdents in a 
MAPPS tasN Xsing the virtXal base�10 blocNs. She said, ³%Xt , pXlled that Zebsite Xp, and , coXld MXst 
move it right aroXnd. And it Zas MXst so convenient, and it Zas easy for them to see becaXse it Zas color 
coded too Zhere my little draZings Zere crXde«´ 7hXs, this teacher developed KCT related to choosing 
effective e[amples and representations. 

We foXnd that althoXgh some teachers had access to manipXlatives, they Zere XnaZare of hoZ 
concrete manipXlatives coXld Xndergird yoXng children¶s Xnderstanding of mathematics content. A special 
edXcation teacher said, ³Since MAPPS, ,¶ve done a lot more ZorN Zith manipXlatives. , maNe a point to go 
to the manipXlatives TXicNly and then the abstract.´ +e additionally said, ³7o approach it >content@ rather 
than drill it and Nill it that >MAPPS activity@ Zas a problem solving model that , ZoXldn¶t help them Zith 
e[cept yoX NnoZ , ZoXld get them over hXmps and stXff. %Xt it Zas a Zay to get them to thinN and to 
reali]e, µ2h , get it, , get it,¶ and the light bXlb >ZoXld@ clicN on. <oX coXld see it happening, and it Zas 
really good.´ 7his teacher began Xsing MAPPS activities e[clXsively for SatXrday school instrXction. 7his 
school¶s standardi]ed mathematics test scores rose from 64.3� passing in 2008 to 81.3� passing in 2011.  

Aside from improved, pXrposefXl manipXlative and tasN Xse the classroom, .noZledge of Content and 
7eaching in general improved, as evidenced by teacher statements sXch as this� ³,t  >MAPPS@ gave me 
Zays to bridge that gap betZeen Zhat , NnoZ and really maNing it something that they NnoZ.´ 7eacher 
learning continXed to develop after MAPPS, as teachers reported adapting materials to other grade levels 
and mathematics content areas from year to year. 

Teacher C� , thinN , learned as mXch from it as the parents did. 
RL� And that is Zhat it does for yoX. 
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Teacher C� , don¶t thinN , learned as mXch as , did until I brought it back into my classroom >emphasis 
added@. 

7hXs, althoXgh teacher learning did occXr dXring MAPPS, there seemed to be a delayed amoXnt of 
learning that tooN place. 7eachers adapted MAPPS tasNs to their oZn grade levels and state standards, and 
in the process of enacting the tasNs in their oZn classrooms, or collaborating aboXt the tasNs Zith their 
colleagXes, they fXrthered their .noZledge of Content and 7eaching. 

,n addition to strengthening teachers¶ mathematical NnoZledge for teaching, the learning commXnity 
afforded by MAPPS strengthened parent�teacher relationships as Zell. %onding formed becaXse teachers 
got to NnoZ parents in a different Zay than in the negatively�connoted position of poZer, telling parents 
Zhat to do or not to do in regards to their children. 7eachers and parents enMoyed a level playing field in 
Zhich all Zere learning for the desired end of helping children �Enjoyment of/Valuing MAPPS�. 2ne 
teacher said, ³When they saZ me get e[cited aboXt something, they Zere liNe, µWoZ, she didn¶t NnoZ this. 
We¶re learning this together.¶´  

Moreover, parents appreciated teachers¶ e[tra effort to help children learn, and teachers came to vieZ 
parents as dedicated individXals, invested in the academic sXccess of their children. 7he light�hearted 
natXre of the Mini�coXrses dreZ families and teachers bacN for not only more mathematics learning, bXt 
relationships fXeled by a desire to learn mathematics. (ven 4th�8th grade children participated as eTXal 
learners of mathematics content, often presenting solXtions or strategies that parents and teachers learned 
from. 7he casXal, non�threatening learning environment served as a relationship�bXilding environment. 
Finally, teachers helped each other maNe the tasNs and rigor relevant to their respective classrooms. 7he 
MAPPS learning commXnity forged a Parent�7eacher�Child triangle of NnoZledge and respect �see FigXre 
3�. 

 
Parents                 Parent A                Teacher A      Teachers 

 
               MAPPS 
              Instructor 

  
                                      Child A  
 
 

              Children 

Figure 3: MAPPS learning community 

A notable benefit of the learning commXnity Zas teachers learning about parents’ NnoZledge and 
strategies, a constrXct Ze call ³.noZledge of Content and Parents.´ An intervieZ evidenced this. 

RL� 7ell me, hoZ did yoX feel aboXt ZorNing in groXps Zith other parents and other teachers"  
Teacher D� ,t enlightened me a lot. , didn¶t NnoZ that they didn¶t NnoZ so mXch of the vocabXlary. , 

had no clXe. 7hey really had no clXe of hoZ to talN aboXt manipXlatives and Xse them. 7hey didn¶t 
NnoZ Zhat that meant Zhen their children came home and discXssed it.  

-Xst as 7eacher % learned that parents didn¶t Xnderstand hoZ to Xse manipXlatives to teach decimal 
operations Zhen the child said, ³5 and 50 are the same,´ this teacher learned that parents did not possess 
the vocabulary related to the manipXlatives. Another teacher e[plained that she learned aboXt parents by 
listening to them talN Zith their children aboXt mathematics. 7he MAPPS environment alloZed teachers to 
see why parents strXggled to assist their children Zith mathematics. Moreover, teachers learned aboXt 
parent content NnoZledge and strategies as parents and teachers collaborated to solve problems. 7eachers 
also listened to parents present their strategies, sXch as Zhen the parent presented his strategy of finding 
60� of the fraction grid �see FigXre 2�. We believe that this content-focused teacher learning about 
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parents’ knowledge and strategies, or Knowledge of Content and Parents, is analogoXs to .noZledge of 
Content and StXdents and is also an aspect of SchXlman¶s �1987� category of teacher NnoZledge, 
³NnoZledge of edXcational conte[ts´ �p. 8�. 

7hroXgh the clinical e[perience of the MAPPS learning commXnity, teachers gained Mathematical 
.noZledge for 7eaching and .noZledge of Content and Parents. As sXch, teachers learned Zhat 
misconceptions parents had, that parents did not NnoZ aboXt many manipXlatives commonly Xsed in the 
classroom, and that parents lacNed vocabXlary needed to connect manipXlatives to conceptXal 
Xnderstanding of content. FXrthermore, teachers learned aboXt parents¶ content NnoZledge, problem�
solving strategies, e[planations to their children, and desire to help their children. 7hXs, the parent�teacher 
mathematics learning commXnity provides a XniTXe professional development environment for teachers. 
7eachers learn both mathematics for teaching and hoZ to access parental involvement in a Zay that 
enhances stXdent learning. 7his stXdy implies that .noZledge of Content and Parents can and shoXld be 
taXght throXgh parent�teacher mathematics learning commXnities. FXrther research is needed on the natXre 
of .noZledge of Content and Parents and its relationship to stXdent achievement in mathematics. 
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