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ABSTRACT

This project will provide supportiforiteachers who"‘
have solid understanding cf meth as the goal for the
students in their classrooms. Using the district adopted
Course of Study as the foundation; this project will
provide a curriculum‘supplement for the.first grade.vThe
curriculum will be designed around concept de?elopment,

- utilizing problem solving, concept games and centers, and
on-going assessment. The guidevprovides activities and
assessmentstdesigned to have students develop long—range
conceptual understanding in addition to development of
basic skills.

This prcject is composed of several chapters. Chapter>
1 discusSes a brief selected history of mathematics
curriculum development and discusses recent refcrn efforts
in mathematics. Chapter 2 discusses developing
understanding throudh a look at‘learning‘theoryvand brain
research. Chapter 3 discusses implications for effective
teaching practices to facilitate understanding. Chapter 4
discusses assessment and‘classroom discourse management}
Chaptef 5 discusses the genesis of the Mathematics Chats;t

The Mathematics Chats comprise the bulk of the curriculum
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" supplement and the focus of ﬁﬁis project.’ The Math Chats M
can be found in Appendix B

' The Mathematics Chats! in Appendix B were enﬁisioned to
take place in avparticular context. The phildsophiéal“
context explored invthe first four chapters of this project
provides that'context. The Mathematics Chats are organizedv
around thé standards and benchmarks of a Southern
California School ﬁistrict. These content standards and
benchmarks look very much like the new Caiifornia
Benchmarks and Standards. (A listing for reference purposes
of California’s Mathematics Standards can be found in
Appendix F.)

vAlthough the Mathematics Chats in this project Were’
written to support mathematics instruction in the first
grade, the concept and structure can be used at
kindergarten through grade 6. Rebecca Kallinger, a Math
Matters coach, workshop trainer, and math leader in our
district, ahd myself have been working with teachers at
grades k—6‘using the concepts discussed in the project. We
consider our techniques and our ideas under construction,
We continue to research and attend conferences to improve
and revise our thinking and understanding about student

learning and classroom practices.
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This-?roject represénts a moment in time in my
research and traihing. I am using the Mathematics Chats
herein and ievising and improving them as I work with
students. The concept games and centers are in a constant

state of refinement as well.
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’ v"’.‘_INTRO_[.)UéT'ION: |
ﬁAlmost a11; wh6fh§Vé evér fullylunderstobdkl
varithﬁetié, haye beeﬁ obliged,to iéérnit,§yér,again in
 their own wéy.”,_(Célbﬁfﬁ,‘1849) |
Thisvétafementvis as true today as whénvit was
éubliéhed in"1849,in.a méthematics text. >Cblbﬁrn‘beiie§éd.
that ﬁathematics‘shbuld méké sensevto thé student,  Aﬁ'i
analogy can be made to a scuiptorvwho ﬁndéistéﬁdS‘the.use,
~of the chisel and cén use it in manyvdifferent ways to
‘prbducé many kinds of‘effeCts.' The scuiptéf’s
undérstandiﬁg of his/her;fools and materiéls is deep andf
‘enc§m§asses pressufe, force, angles,’aﬁd reaction to the
different'méterials it is used on. | |
‘,Similarl§, child#en who understand the use 6f‘

maihemaﬁical toblsiéan use them'in‘manyvaifferént
 situations to solve many different kinds Qf‘problemé.
Additionélly; éﬁildren who‘ﬁhdéfétand sﬁall numbers can ﬁsé'
those numbeis‘ih manyrwéys;'vTheY;caniéénserveJthOsev
‘numbers, take thém‘apart'and put’them'babk:tbgether while
bgipg éble to ¢oncéiVe ofvfhe paftsvto.wholg‘relationships
, betWeén'those numbers. This_f;uehcy»éiléwsbfhém tqluse~thé“

numbers as tools in many different contexts.



‘ ,Smé1l}nuﬁber.fluen¢y WAQZSeiécted idrfthié p:Ojéct'5 '1:
.bécéusé'éf.its iﬁportaﬁée iﬁ_ﬁathématicél!developméﬂt;in  
children; Smalltnumbéﬁ'fluéﬁcy is\avcfitical t6bl fbr ydung,
 cﬁildren:tO dévelép-  i£ is the foundétiqﬁ upon‘wﬁicﬁ'£ﬁev
-chiidrenfs future ability in‘ma£hématiéé'wi;lréstyv
AEviden¢e3of §hisvfiuénéy w;£h;humbersfcéh bé_observed'bj'
in.What'studentg afeablélfo'dOWith numbeﬁé;uThé foliowiﬁg
qgestibﬁs_can;be:hélpfulté cénsidef‘whiie Qbseiviﬁg 
stu&ents*WQrk.and'félk abbﬁt their ﬁathéﬁatiéa; " 
understanding;';v
,v> Aré:they able:£osée éﬁéli:nUﬁbéféVisually withodf‘.
neéaing totc&uht‘t§ ¢thi#m beéaggé'a‘éense of‘thé‘
numbér/éﬁantity»has been'developéa? N |
>‘Can’theyv£ake‘numbérs apart ahd pﬁt'thém back togethef%‘
bv';while consérvingiboth§the parté éﬁd.whéle Vélues
simulféﬁééuslyé'n: -‘ '
> ¢éni£ﬁéyidémbﬁ$tfaﬁéﬁ£hét'é’hu@beﬁ cén‘be desbribed in
many ways? . :
f‘cah'they usévthéirﬁﬁﬁbef”kﬁowiedge to solve problemé*
and take‘skili téSt$?”"  .
Children demonstrate théir;ﬁﬁderstéﬁding and abiiity

to use small numbers as a tool to represent quantity and



ideas through their ability to use'theﬁ flexiblyvahd
fluently. |

As the author reflects on.litetacy development in
young children and compares that to mathematicai
development, similarities were interesting to consider. A
fluent reader understands that reading will make sense,
sentences make up stories, words make up sentences, and
letters make up words and visa versa. Each of these
components have sub meanings and.structure which work
together to make up the Whole;

There are similarities here with mathematies. A
student'who is fluent with numbers understands that
quantities can be represented by symbols, those symbols
have namesband that symbols represent quantities. These
quantities and respective symbols have relationships to
each other in parts and in wholes. Children who are fluent
with number ere'able to hold and eonserve quantities while
dealing with thevsmaller'humbet Values‘that make up those.
quantities. Children who are flﬁent with small»numbers will
be able to deal with these numbers flexibly and
efficiently. (See Appendix E for more thoughts on letter

versus number concept development.)_



'; The.classroom tsachéffs philosophical.Structcié ahd;'.
beliéfs aboﬁtiﬁathgmatics:guide his/her.choices‘about.
classrocm’tasks; Thcsebchcices include,_bdtiars nqt
.tlimited’to, whethe: discassion willvcccﬁff‘hCW.disccurse
will be_conducted,"what‘tasks and materials Will.be uscd,=s
‘how questions are structured, hcw asséSsmehtvisihahdled,-:
informally on the spct and fotmaily}'andistca “vathe.v
philoscphical cbnstiuct forvmath is one whété mathématical
ideas are obvious»or empirical-and néedtto be absorbed and
memorizsd this dictates tasks and‘management choices. This
philosophicai'constrhct contfasts with ohe in which
mathematical conceptsharefccnstructed Within the mind
throagh abstraction and‘rationali;ation.

In this philosophical strhcture the teacher helps
‘students find ihformation,‘clarify thinking,'problem solve
and develop an awareneSS cf_alternative prohlém'solvingi
possibilities. Thsbclassrocm‘model in this-paper_uSes
mathematics chats, Pfoblems of the Dayv(PODfsj,vmath
centers and games, and small group and large group
eXperiences to achieveithe number fluency and flexibility
descfibed above. . |

Mathematics Chats use‘the child’s:Senses and language

abilitiés to practice and COmmunicaté mathematics concepts



énd understaﬁding;: Tﬁi§.proceés r§li§s*héa§iiy'Qn,théﬂusé '
of oral‘léhguége and maﬁibﬁléﬁi&éé.vThé'broéesé’sl_“ |
<'effé¢tiven635;relies‘on a cléssréom cpntext iﬁ'Whiéh fﬁéA_
.teaqhéi éffecti&ely manage$>the discourse. |
The‘Mathema£icsthats cﬁrriculum supplement §upportsv f
 the content standards illustrated ihathe 1998 State of
California Content Standards and Benchmarks (Apbendik G) as
welllés the quficulUm_Standards and Benéhmafks for |
RiVerside_Unifiea Schbgi Distri§t kAppendix F)..V‘Wholé,
group experiéﬁ¢es)vprQbiemISOIViﬁg,”smail group
.interﬁentioh‘éndsésseésmentaﬁill éll”be disCﬁssed‘in the
chapters that fdilow as imbortaﬁt éomponents of the

mathematics curriculum.



Chapter 1 =

A.Lookbaf Curriculum DeVelopment:andlMathematiés Reform

> ,T6'be responsive to~¢héngeS'in the woflngﬁ$thémé£icS.
»curriéﬁium ﬁuét chaﬁge,to kéeb paCe; :Rﬁth}PArkgyf(l993)}'5'
»in'her,bQQk Mathematigéib?ower, notes3thétmcur£i§ﬁ;ﬁm is;
indfjkeéping upqwithﬁadvéﬁdeé in £échﬁongy. “Wﬁiié ﬁﬁ§h ofj‘
,_theﬁmathématicgvﬁsédin_thewwbrldvtéday has beeﬁ iﬁventedi
’..éﬁd/or eXténded‘witﬁiniﬁhelﬁést!forty yééré’(é;g.;:déta"n
 anaiysis/iphqfogrémﬁef;y, ffacfalé>and chéos,'disérétef
mathematics); almost all of‘the‘mathematicsIthétleXistS'in ,
échééls is hundréd;’of yééf$ b1d”>(§. 6). There‘is éonbern
‘ thaf'coursé content-doeé-ﬁot refléctiﬁhe dYnémic haturé éf
‘mathemaﬁics.  “T§miRomberg,vin a5 April'i991:addféssité-tﬁe
_NéfiqnalSuﬁ;it 0n Ma;hematics'Educétién; addfésséd"this
‘;iséué'és_hé'déS@ribed'the y§st,discgepancy‘betweenvéur
 ‘jnation?$,§oals fbf ﬁéthémétics:educafiqn_aﬁdourvcurféhtl'”
,éﬁrriculum{ ‘ﬁeléﬁggeéted:tﬁétwhilé we:taik of Ameridéfs  
having»gﬁorld'éléséé ﬁétheﬁaﬁies'éﬁéndardé; Wéiéontiﬁuevto >
offer a éurricglum consistin§-ofbeigﬁt yearsbof'eighﬁéénth—
ceﬁtu;y arithméti¢; three.yéars dfvséventeeﬁth;éentﬁry

‘arithmetic, three years of seventeenth-century algebra, and



lone year of thlrd centurva C geometry”‘ Parker; 1993;.p;cd
: 65f : : ‘ ‘ - . A .
TenSion'exists-not 5ﬁiy hetween'whatfto’teachvin_t'
ﬁianathematlcs, but‘how to teach 1t -The tension;betweenh o
drfferrng‘phllosophlcal.perspectlnes‘on what to teach and
1 how to teach rtfrn-thedmathematlcsvcnrrlculnﬁ hasnresultedd‘

.in;a historyiof;chande.,hThese changes?arepthe result off?v

hdifferentrphiiosophical constructsurisingcto popularity.
__fhe pull between the seemlngly oppOS1ng forces of student
_:dlscovery and the teacher dlrected 1nstrnctlon has.gone on
'1Tfor hundredsuofpyearsr | |

| WarrenColbnrn (1549)pwrote‘mathematicsdtents in thér
'1800" ;Hishintent was»tovpronide'matheﬁatiCS‘lessons.for'
chlldren that helped them develop an understandlng of the
concepts belng taught He empha51zes the 1mportance of thed
constructlon ofvmathematlcal understandlng.
‘John bewey; llke Colburn; belieVedvin»deweloping

"fgnderstandingyas hecwr;tes,i“Sheer 1m1tat1on, dictation‘of‘
b-, steps to-bektaken/ mechanical drilis,may;give resnits most_‘
‘qulckly‘and yet strengthen tralts llkely to be fatal to
freflectlve power The pupll is en301ned to do thlS and

thatﬁSpecificﬁthing, with no knowledge of any reason except'



that by so‘doing he gets his fesults'mostvspeedily; hié
mistakés are‘pointéd,out and corrected for him;‘he is kept
at pure repetition of certain acts till they become
automatic. Later, téachers wonder why the pupil'readsiwith
so little expression, and figures with éo little
intelligent consideration of the terms of his problem”
(Dewey, 1910, 51-52). |

'~ As industrialization went in to full swing, the
schools became places where raw produdts were formed into
compliant workers_for the industrial revolution. Because
of influences such’as Edward L. Thorndike;s,(1913)

Educational Psychology; W.W. Charters (1923) Curriculum

Construction, and Henry Harap’s (1928) The Techniques of

 Curriculum Making, prompted school curriculum to emphasize
skills and compliance over problem solving and thinking.
The call for thinking-meaning centered curriculum did not
disappear, however.

In the thirties, forties and fifties, although
mechanical, algorithmic learning was still in vogue,
researchers like Brownell (1935) argued for the
meaningfulness of learning mathematical concepts with true
understanding. “..The ability merely to perform certain

operations mechanically and automatically is not enough.



‘Childrénfmust‘be éblé:t5éﬁ;lyiéifeallor*deéc?ibéd o
quantitative situations’ (p. 26). Wheat (1951) Van Engen
' (1947) and Bruner (5156_(;))'“ shared Brownell’ : v>:co'n.ce1_:.‘ri'. akbo"»ut :
ffué understandiﬁg1df ﬁgﬁﬁeﬁé£ical dégéepts;i 
In thelast half of the _zothacéﬁﬁury; “the United
'Stétéstbégéﬁ,its mbvéifromaﬁ.iﬁdﬁstriélébééed"$ocietyvfo
one Qf ihformatioﬁ;technoiogy;.and'séfviCe;'Asjﬁﬁese'
éhanges gaﬁhé;éd spéed, rippiés~were‘seﬁt'tb.ail facets.of_
'sbéié;,'poliﬁiéél/:and ecdnémicaiiife;'Changes ih.
‘educatiqhél‘psychology And'thédpies.of learnipg also
» reflectéd»thesééhahges. Chéﬁges in‘so§iety at large
.:fdétéred imblicatioﬁé for chan§e§ iﬁ_sChoélé to keep pace

~ with these changes. .

Publications such as A Nation at Risk (1983), What is

Still Fundamental and What is Not (1983), and Everybody

Counts: A Report to the Nation on the Future of Mathematids
Education (1989) called for educational reform in
mathematiCS‘education.k.In reSponséjvthe_National Coﬁncil:v

Of‘Teachers'Of‘Mathematicsm(NCTM) deVelbped‘and published

Curriculum and Evaluation Standards for School Mathematics
 in March of 1989. The NCTM recognizes the need for change.
They have called for‘majbr curricuiéf changes to bring

instruction; objectives'and‘aSsessment up to speed with thé‘



needs of society. Steen (1989) summarizes these

recommendations which are paraphrased here:

v

Raise expectations - the idea here is that if more is
expécted,‘more will be'achieved |

Increase breadth - include more estimation, chance,
measurement, symmetry, data, algorithms, visual
representation

Increase use of:caltulators

Engage students - increase opportunities for experience
base through active participation

Encourage teamﬁork

Assess objectives — align assessment with student
objectives

Require mathematics at all levels through each of four
years of high-school

Demonstrate connections - between different strands of
mathematics, cher subjects and real life

Stimulate creativity - variety of ways and solutidns to
problems

Reduce fragmentation - problem aolving‘situations in
real life may invalve several different areas of:

mathematics and require more than one step

10



":/‘Reqﬁire‘Writing:- erting~elarifies tnlnkingdandjaf
.*Cbmmnnieates’undetstandlngnl |
>/vEndenrageldlSCussleni¥kdisCusSien and argnmentdisda't
'powekfull;elnfoteerite,natnematical reasening‘
" FThe ehanges:dese;ibed;above'callmfonincneaseds
.invblvenent of’stndents'duflngrnathvinStrnetienf dWithdﬁ
chese recemmendatlens}tn‘élaee;7theeﬁatnematieslclassrbem_.
“weuld no. longet”be a place for students to parrot teacher o
?ekplanat;gns. Students would be asked to thlnk on thelr.f
"eWn_anddtQtteasQn.‘They‘would be asked to”communlcatel
‘ftheititeasdnlng_and tg.defend’it or adjustslt. The student‘
‘inrthis;kind'of‘envifonmenttCanknotkeasllyljust_rely‘onthe
'-faithful‘hand'taiserSdtofanswet.the_qnestlensf,»They are
'ldresponslble7teadenensttéte,tneir'tnlnking‘and’befinvelted;
,Théii 1a¢k.dfaiﬁvdiveméﬁ£ is‘deiousfin:their.lack’ofn
_ eemmunlcatlen‘both nerbally and non- verbally.

; The NCTM set to work establlshlng goals and . standards

‘for students 1n math 1n thelr publlcatlon, Currlculum and

“7Evaluation.Standardsffor*sehool Mathematlcs. The 1992
| Mathematics Framework for California Public Schools was

organized Very~stronglyta£0und“thevNCTM'standards§n3

u



 lThé*NCTM;§balé fo£1sfﬁdégté infﬁhgir 1989 pﬁbiicati§h 
1. 1iéétﬁ;ﬁoiVéiﬁe ma£hgmatics. 
| 2.vBe§oﬁe.é§nfidént in éﬁefs~own abiiity,{td”dé
  'mathémétiqsi; | |
3L>"Eécbmé:mafheﬁaﬁical'pf@blem éolﬁé£$;'t
4. Léérn’fp’Comﬁﬁﬁicate{méthématiééllyf “’"
.'f5.‘uLéérn tp reason‘métﬁeﬁéticaliy ﬂp}i4—$0, 
'Thé ﬁafhematiéal?community’was_ﬁot §hé th§ _
o#ganiiation Cohcérﬁed.ave;whéfher o£_n6£.stﬁdéh£é,are
'prepared to livé.énd WOrkTin thé 21# Ceﬁ£ﬁry.iWﬁét skillsif
are>re§ui£¢d of thé'gtudénts;Within é-neW-frameWOrk-of é‘:i
7glbbaieééndmyaruﬁ on iﬁfdrmatiOn‘and‘féchnolégy?‘ In1199Q,
| Elizébeth}pdle; as thé ééctétary of phevDepaftmenﬁ of :
Lébbr, éSfablisﬁed:the~Secretaﬁy;s Commiésiénfon Aéhieviﬁg‘
’NéceSSafy Skills (SCANS).' TheCommiSSioﬁ»sought‘to'find
what those jéb‘félafedvékills’were;, | | |
This 31bmember,-ﬁﬁitidimensioﬁal cémmiSSion cbnduCted
intensiVe intétViéwingiofemployersband'émpléyeésbinvatied”'_i
eﬁpléyﬁént $ectofs;-.Thgiﬁ‘inferviews wéreﬁoéé¢eftaiﬁthé:~

skills néeded of an employee in a wide variety'bf“jbbs}"

“Arnold Parker (l992),_thé‘EXééutivé~Directory of
. 'SCANS, reports-a sﬂmmary‘of these‘skills;v Hé*states:that

§
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the commissioh-idehtifi?d“a “threé—part‘fOuhQationIOf-”

” ,skills,and¢pérsonai qualities heeded‘fof'high4peff9rmanc5

work:

*baéicv$£iii§7%'reading, W£iting, mathématics,
'épéékingjaﬁdilisténinQ; |
"thinkiﬁg.Skilléj'creéfiVity;decision'mékiﬁg(
 reasoning} gﬁd prdbiém éél#iné}v

) persdnal,qualities - individual responsibility,

Self4méhagemeht,fénd integrity” (p}?27);‘

Parker also summarizes the commission’s list of

| ﬁcémpeteﬁcies”uthat ¢reate a structure that rests on the . ..

above fouhdation skills. These‘are those'cbmpeténcies'that

“.. are the ability to productively use: -

.

»resourceS,* allécating time, money, and people;.

interpetsonal ski1ls’;‘WOrking‘on téams, teaching,

negotiating, and serving customers;

, informatiQn f,selécting,}using;’andvapplying :
“technology; DS
‘ SYStems‘— understandiﬁgfsocial, organizational and

téchnOngical_éyStems,(Parker;.1992,,p.28);

NCTM (1992) goals recommend the kiﬁd of program that .

would give students the skills ThevSCANSireSearch indicates.



as necessary skills for success in vafious business and
industry fields. These skiiia and foundational qualities
‘'required by the business comﬁunity are alao neoéssary in
facilitating a productive work, faﬁily, and community

" role/life. Productive adults in their community, job, and
family need to be able to read, write,vlisten, and
communicate their thoughts, feelings, ideas, and beliefs.
They need to be abie to think, make decisions, reason, and
problem solve. Adults need to have a sense of
responsibility, be able to manage themselves, and possess
infegrity. Adults need to be able to manage their money,
talents and time; work with others, teach, and negotiate;
acquire, evaluate, and process information; select, use and
apply technology; understand social organizational and
technological systems.

In the Califofnia Framework (1992) there seemed to be
an unprecedented degree of consensus.‘ This consensus
existed both within and outside the educational community
in terms of the kind of math that should be taught. “There
is overwhelming agreement that this Framework appropriately
and accurately describes the mathematics programs that
should be established in our schools” (California

Framework, 1992,‘p. ix).

14



QThé*éali;isfto‘chandewhat°ﬁathematicswevteach,ghbw';
we,teachbit,yandﬁtojwhom;’Theimathematicsheducatfon'thatfyJ:3
most'Amerlcans_receivedpinlthe»past‘may have‘beeh.goodltnf?7’
~enoughatythe‘tlmeibut:ls.unsatisfactory‘for t@&ay?s:fr~f
Studentsl ;Théltime,isoverdue;for shifting the emphasfshdr,
from an elaborate”study[of‘meChanics and»procedure'toward‘a;,
deeper understanding oftcentraléiqeasvand broadertstudy quin
lall:strands of-mathematics» (Callfornia F#éﬁéwprk,plggz,z’
Dvid). | | |

Q:As‘atresultMOf'thesevrecommendatlons,‘staff}

:development‘lnkproblemﬂsolvlng,,projecteorlentationhand
‘thinhinQ'prOcesshwaslput intoimotlon?d'funding was
'avallable for a broadlrange of‘teacher.tralnlng through
‘such prOJects as the Callfornla Math PrOJects,jRenalssance
Math, Math Matters,ietc.:School 31tes enjoyed‘control over o
'who they hlred to do thelr staff development |

| Not slnlyears later, however, the state is pulllng

away from the NCTM standards and rewrltlng the framework

’Fundlng for the establlshed mathematlcs reform programs hashp-’5

Abecome sharply controlled by the Board of Educatlon._

”»'Challenge Standards for Students Success (1995) andfContent‘”f“'

o and Performance Standards (1997) have been drafted and u

publlshed by the Callfornla Department of Educatlon .f



 ‘These standéidsjgna tEé'fo#thcdmiﬁg Mathemafics‘
'Erémework,ére’a?withdrawal:frgm the NCTMVS£andards.‘vThe
.fdcdé‘ié Shifting froﬁ*§ﬁe:§f broblemvsoiving;énd.eXploring
 uﬁderstéhaiﬁgé'to¢oﬁe:mo£e;f§§u3ed onbasic'skills'aﬁd 
teécher?direééed lééﬁnin§>insteadvaStudentvdiscovery
'1modes of teachiﬁg and Iearningl
| What isabaSicbfor stgdénts:in the1999 éhd beyond,
‘howeVér,.is;hofv£hé same‘aé-what_was‘basiéfo?.stﬁdentélin
vtﬁé-past.»The_Céliforhia Méthémafics Counéil,desCribes,“
thei# Qision;gf:baéics‘ih “They're.Countiﬁg Qn»Usb (1995)5‘
‘Bésics afe“pof'only.arifhﬁetié.kﬁoﬁledgé but also a broad
range of‘uﬁdérstanding of mathematiCal concepts including
geometric-ideas;'data interpretafion and tééhnology use.
The Califqrﬁia Department of Education;s Mathematics:

Program Advisory (June 1996) looks at this issue as well.
In thé discuééion on balaﬁée,the Advisory recémmends'that
bésic‘skills, deveiopﬁent of conceptual understanding,’and
adeptness_in‘problem solving coexist equally. " In the Basié
SkillSsectiOn,‘fout féctois are identified:
lfStudeﬁts must practice skillé in order to beéome

p:oficient. The practiée should be varied and should

pe included in claSSrOOﬁ‘activitiesFénd'homewdrk.

~Teachers, students, and parents should realize that
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students must spend substantial time and effort to

really learn a skill.

2. Basic ékills are developed over time, and they
increase in depth and complexity oﬁer years.

3. To maintain skills, students must use them frequently
throughout their school years.

4. Students more readily learn a skill when they see how
it will be useful or are intrigued by a problem that
requires the skill (p.2).

In an effort to raise the standards and improve
mathematics instruction, the State of California has just
recently adopted The California Mathematics Academic
Content Standards (1998). The first grade goal statement
indicates that “By the end of first grade, students
understand and uée the concept of “ones” and “tens” in the
‘place value humber system. They add and subtract small
numbers with ease. They measure with simple units and
locate objects in space. They describe data and analyze
and solve simple problems situatiqns” (p. 22).

The California Mathematics Academic Content Standards
further delineate specific skills that students are to
accomplish by the end_of.each grade. In December 1998, the

California State Board of Education adopted the Frameworks
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that further delineate the goals set forth in thebAcademic
Standards.

Deveioping fluency with small numbers.is critical is
the development of student understanding in mathematiCs}
It is a critical skill to develop. There is much concern
over basic skills competency in many districts. Basic
number fact tests haﬁe been re-instituted in many schools
as a way to insure this proficiency. Districts have
printed number fact fiash cards and sent them home for
parents to drill their children. With this push for skills,
several concerﬁébarise. What is meant by skills and are
thinking and problem solving considered “skills”? Will a
narrow definition of skills be enough for students to
succeed in the future?

Heibért (1996) doesn’t think a ﬁarrow definition of
skills will be sufficient. “In order to take advantage of
new opportunities and to meet the challeﬁges of tomorrow,
today’s students need flexible approaches for defining and
solving problems. They need pfoblem solving methods that
can be adapted to new siﬁuations, and they need té know-how
to develop new methods for new kinds of problems. Nowhere
are such approaches more critical than in the mathematics

classroom, All of this means that students must learn
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mathematics with understanding. Understanding is crucial
‘beCaﬁse thingS‘iea?néd With'uhdeﬁstaﬁdinglcénfbérusedkl |
flexibly, adapted to new situations, and used to learn new
things”{ip;.i);: S :

A look back 1nto the currlculum hlstory and a brlef «‘7

look at what is happenlng today 1llustrate that the ebb andhaff

flow'of control over currlculum and the tug—offwar over,the
n'purse.strlngs that fund 1t.are llkely to contlnue "Aﬁonéa
n?those rldlng on: the waves‘of change are the teachers whoi.
' mustvkeepvthe boat-afloat.' Differlng‘d;ctates-eome'fromb
rfdistricts and prineipais:as.to;what;is'egﬁedted_andYWhatv
materials:and asSessmentsthll.he used,ihﬁonener}'thebiv
classroom:teaeher‘ianthé Peﬁéon;nho°UItimatel§ hakesdthet
choices'asgto‘whatrﬁateriaisfwflifbefnSed‘inhthe classroon;;:
”No‘mattér Qhat,ﬁhe.ﬁapular'magerialgfgr}philossphiés7
‘are, 1tils thevclassroom teaoher who makes the dlfferencen
'rInCreasfng»teaeher{enpertlsei;sgkey. The State of |
f-dcalifOrniatreeogniies this; One of the‘new requirementsioflf
u31ng state. noney for staff development 1s’that the staff
development be ongofng and be tled tokthe standards and
benohmarks; | | B
dItnis‘wfthfﬁ:ﬁhis‘niiienthatvclassroomiteaohers;mnst.

makefchoieeSTabout”what to teach, how to teach it and when



 to tea¢hfi£. ’While thei£ pngréﬁs¥are‘e§aiﬁ§téd by state>
éolicy;-and disﬁrict intérpfetationsIOf ﬁhésebpblicieé, the
 evaluation sﬁandards‘may or may not réf1e¢t'resea£ch‘on
Whaﬁ.iS apprb§réate at ﬁhat gradévlévels.aﬁd‘éﬁ Whét,is
:knoﬁn abbut the way in which childreniearn,.fhe cléséroom‘ :
‘teachet seekingfénéWers to thése questiéns heeds‘
 ian;métiéﬁ»bh.q§rreﬁt bfain_resea?ch and'résea;éh 6ﬁ‘hqw 
vmathemaﬁicél ﬁndérstahding developsjiﬁ ¢hild£en;

Thé intent §f~thé MathematiCS_Chété.in:thi§ p£oject is
to:p#ovide ﬁeaniﬁgful experiencéslfo'réinforce mathemaﬁicé ‘
>COncéptsland'to sﬁpport~a matﬁ,cufricuiﬁm>thét inclﬁdés tﬁé
»‘factdrSVdiécﬁsééd‘in'thié chapter.i-The Matﬁemaﬁics_éﬁats“
providé anopportuﬁithté dé&eléﬁskillsvih‘tﬁg clasér§om:
‘and Qse‘éhildfcénteféd ideélogy,kﬁSFudent:tﬁinking;  S
communicatioﬁ,‘éoopéfatign?énd accoﬁntability aré ali +
COmpoﬁéﬁts‘of‘the MéthematiCS Cﬁéts. ﬁ |

_ In‘the next chapter; b;ain feéeérqh'aﬁd ;earniﬁg
" theory:wiil be_disCuséed‘tp“help bﬁild?ayiheOretical

framework for mathematics instruction.
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“£ Cﬁé§te£ 2"J
‘Brain‘RéSQArchvéhd LearpingJTheer
When plénﬁing.én@,developing'matﬂ‘éﬁf?iéulum‘and
) activities iﬁ'thé‘ciaésroom,,itvis_heipfﬁi:té-haye an
understaﬁdipg‘§f h$w thebrain works. :Reééércﬁ‘on the
 b£ain'andvleafﬁing hésjdevelopedfsignifi¢én£ly in recent»
‘,yéa?s,v Basi¢;b£ain biéibgylénd mémory-funcfions are
important to undeféfand; ‘How informatién.i$ gathered,
processed andlétored neéas‘to be undersfoodHF An
unaersténdiﬁg Qf th¢ée processesfhelp$ a £e§chef déveiop'
'lessdné‘cdmpétibie wifh‘tﬁis prbéess.‘
| ThepriesvabOﬁt"HoWétudenfs learn havé‘drivén
‘educational décisions; One’s éubscfiption to>a~particular
 belief éyétém éfféctsvthé'cuﬁriculaf chéices»made in the_
cléssréém..WhatvfollowS iS,a brief_look atvspﬁe.bf these
theories. : | ” | |
Tﬁreefbasic gréupsﬂqf‘ieéining]#heOriés ha§e»evolved.
 These are:behavioﬁéi,'éogﬁitivé énq.deveiopméntal._bMafy
':anroy (1968){suﬁméfizésvthe.éssehéé.éf eéch of fheée
thebrie;; | | |
“BehévioriSts say tha£ chiidreh iearn bofh fféﬁfwhava

precedes and what.fdllows‘their actions,  Students,'they »
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say, learn a skill by watching, imitation, getting
feedback, associating skills with positive consequences,
associating errors to negative consequences, taking small
steps, and practicing. In contrast, cognitive theorists
say that children use strategies developed through self-
talk to guide their performance. To learn many of these
strategies children watch a trusted model who demonstrates
and thinks out loud, imitate the model repeatedly saying
the steps out loud, getting feedback on their performance
and imitating the model while thinking the steps.
Developmentalists, on the other hand, believe that what a
child can learn at any given point depends on maturation
and experience. Such factors as age, mobility, and
facility with language influence a child’s level of
learning” (p. 35).

Many of current practices in education reflect one or
a combination of the above learning theories however,
“...researchers now accept that abilities emerge at
different ages in different children and that there are
rarely abrupt leaps in development. Instead transitions
are subtle, gradual and tend to overlap” (Conroy, 1988 p.
35). These theories seem to be the ones favored by the back

to basics movement. Educators who feel that learning is
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much more chplex énd is dirécted from within are resisting
this movemént,

Learning theories are.becoming more cdmplex and
encompassing. The work of Piaget and the work of theorists
and researchers sinCe, such as Constanée Kamii, have sought
to éonstruct models of how children learn. How do childreh
construct meaning and understanding of thé wérld around
them? How does the brain process information and how are
ideas, attitudes, beliefs, knowledge and understandings
constructed in the learner?

Over the last 15 years research on the'brain‘aided by
advanged technology has creéted new theories as to how the
brain works. Through the use of Mégnetic Resonance'Imaging
(MRI) machines, researchérs can watch the brain in action;
They can study how different stimuli register in several
different areas of the brain simultaneously. Sylwester
(1994), discussing Gerald Edelman’s Theory of Neuronal
Group Selection [described fully in his book Bright Air,
Brilliant Fire, (1992)] suggests that our braih, like_a
jungle, has several layers and Qrganisms (neural networks)
that are interconnected.and work simultaneously. As the
brain and how it WOrks are examined closer, emotiqn emerges

as an important element in the learning process.
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‘ Calne and several others [Ekman (1985) Clynes‘(1977)jk.
Hdlden (1979) Rosenfield](lQSS); and Lakoff (1987)]

.belieVe that_memory”(anoruoial,element in learnlng)vls

’;fueled'by'emotion}xﬁThey5adreelthat?without”emotion of_somee'

*'fdegree most ﬁemory and learnlng does not take blace “To‘-
a}teaeh'soﬁeoneuany:subqeet?adequately, the subject must be B
- yembedded in allithebeieﬂentsuthat5give.;t meanlng. Beople =
”'mustihaﬁe axwaYitosreiate‘totthehsuhﬁect iﬁ terﬁsﬂof‘Whatf
is personally 1nportant and thrs‘means acknowiedglng both
'bthe emotlonal 1mpact and thelr deeply held needs and .
fdrives;h Our emotlons“are‘an 1ntegral part of learnrng
| whéﬁ'&é ignorerthe eﬁotIOnai COmponents;oflany subjeotvwe‘>;
'%fsteach we actually deprlve students of meanlngfulness |
N;(Calne 1991 p 58) Thls understandrnguof the braln ;d:\
‘aencourages educators to seek‘out and‘flnd ways to teach
; mathemat;osfandnail other“subjeots)rthat‘areienuelonedi;_r

~ with meaning and ‘emotion.

Educational practices are based on some assumptions =~

_ about how a child learns. As research continues, more and =

'hrmorefis*learnedfaboutvthe‘brain;t hifferent theoriesfhaveif
f~emergedaas tojﬁhatfkinds ofﬂmemory‘systeﬁs}thevbrain ke

’;};pGSSeﬁséS’andshOWethose,arerused}: Renate_and_éeoffrey”“-‘

 ‘Caine, in their book Making Connections (1991), take a look
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at hdw?ﬁhekbraih warksj‘With-fegéfdktbfmemory, natu;al o
, memory vérsus:memorizétioﬁiiéﬂéxamined.,'Naﬁﬁfalsmemépy.is]
named local ﬁemoryvand'memoriiation is>handled»in,takoﬁ 
-memory'3ysteﬁéf MemOriéation has-beenthe pfizéd,aspég# 6f_:‘
améméry gcv§rning teaéhing'pragticessinCé‘befofe the |
iﬁduétr;al‘réVolﬁtionf Qvér fhe,past"SOvyeéré'behévibrist4-
thOughtvand‘qlASSicai:qénditiOning'hévé éQntributed muéh;to"
the clésSroom managemén£,ana leérniﬁg'enVironmént.désign;ﬁflf
’Thesé;p?acticeséré buii£ §n assuﬁptions:bf.héw'learniﬁg,'
,6ccurs in the‘braih; .Under‘this umbréllé,~esseﬁtialfg’
ieérpinélis_brokeh'inﬁpdiscrete skiils7. Thése_Skills.ére'_:'
- p;actiCed.andvthen'rea§3éééed to,somé'eXtéﬁt‘féL?fhe test.

.This'moqel‘faii§ £pfték¢”adVantage‘ofthé:bféin?s7~"
;abilitylto‘léarn; It foéuééé;i£$ enefgy on;ﬁ£ilizing'fﬁe‘g'7
téxonfmemC£j s?étemé (néﬁéd_by O'Kéefe §nd Nédel(i9jé); .,.
;stemming'frombfhe.Qbfdvtaxéhémiés);~'TaX§ﬁ méﬁory'systemé
f;are chafaéterizéd by7the'neéd for reviéw; These,systems
»ﬁtilizé whatiCaiﬁe (1991) réferé‘t¢ as traditional

~information processing model of memory
j_déscribés%Somé*basic feétures~6flthe taxbn memory‘systém':‘
_1.W;Informati§ﬁ'thatﬁis rétained'iéfthrough ﬁractice o

and rehearsal
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2. Taxon learning is linked.tQ extrinsi¢ motiVation
'_,and'is‘powerfuliy'motiﬁated byéﬁternal‘reward‘and’. [
.bunishﬁent;_ |
3."Taxon ﬁemories are Seﬁ in a‘Way,thatfmakeﬁithem_
hgrd‘tévcﬁange. | |
4. ffehgtare'reléfiﬁelYigéiéﬁed; 
5;:'Mﬁch‘ofiwhat is'storea'is,nét initiaily
, meaningful;'kp.b39)f".

The taxon méméry sQStems are dniy a pért}oflthe
brain’s.multifaCétéd.network. .The-téxon‘memory and local
.jmémory communicate'ﬁith‘each'éther., Local‘méﬁorybuﬁlike_.
‘taxon memory isiﬁatuialiaﬁd qprehearsed.v>Life é#ents_»
'bécome part of»meméry withv1it£le effort.v’Thesé
experiéndes_have immédiéte meaniﬁgfﬁlnéséyaﬁd‘beébme
: memoriés;’vSomevbasié_feétufes of,local‘ﬁeméry are
péraphraséd bel§w:3' '> . N

| i.n-Evéry hﬁmanrbeihg haSva spedial, susiVal orieﬁtéd '
,’memer system;tHa£7isvvi;tually‘unlimited;:" |
"2;- MémQrieé exiét'in r¢iétiQnshipto'btheeréﬁoriesb
"apdﬁarea.fecordlbfﬁgnQCing iife e&entsf'
»'3.V1Meméries‘a£e forméd.éuiékiy and may be bfiéf}»
4. Memqﬁiés afe updatéd ééntinﬁbusly, ihstéhfaﬁeoﬁély  ‘
'aﬁdjéfféfﬁléssly‘whéh‘ﬁeW-informatioﬁ:ié addeéQ i
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HS.‘HNOV§;ty,f§ufiosity;:aﬁd‘expeétationé ﬁétivaté:_»
vxfgrﬁéﬁioﬁléf theée ﬁémgrieé. 
f6}7 Sehééry}aéﬁity~éﬁd éwa£eness'enhanCe“loéql and
'_£a26h ﬁéﬁofy; | | |
g~7.‘:Memory,“maps” f§r;$pé¢ifi¢ plaées;are rélati#eiy,'
1instant, bﬁt largé‘ﬁaps cén'take §o£siderable
améunté of time’tq‘forﬁ. (p;:42)>
Edﬁcational practicesithat bnlf_take ad?antagé of one
kind of memory systeﬁ'can be compéred to riding on bne 
 wheel when at least ﬁWo are available; |
Howard Gardner hés been wbrking in the fieid.of braip
‘research and learning for more thén.ZO years at Harﬁafd
University. Hé provides a view of fhe brain‘aﬁdlearﬁing
styles that is,multifaceted. Gardﬁer (1988) explains thét
the “left hemisphere is normally the dominant‘site for
language and‘lqgical thinkihg while the righﬁ hemisphete is
the dominant site fdr musiéal, a#tistic ability, |
creativity, and emotion” (p. 38). Avlea;ner;s,brain may be
‘wired to favor oné hemisphere over another ér may‘usé’eaéh
equaliy (whole brain dominant)..In'whatever subject ié
being taﬁght, underétanding of the content is the goalf
‘However, each léarner is.not predisb@séd té{learn each

subjedt equally‘well or as well as others. Pirie (1991)
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obserVeé.fhati“ﬁhaérstanding‘iS a Wholé’dyﬁamierfdcéss’and
‘ ﬁot a:SiﬁéiétberQltiévaldéd acﬁuiéitién;,ndr:is;itfa o
lineafvcoﬁbiﬁétion.df kﬁowiédge cafegorieS”-(§; és.;
:‘Childréﬁ éngédeviﬁ interp§rsonalaﬁd'iﬁfrépérsén51 ”'
commuﬁicatioh.broéésses invthch‘iﬁforﬁatioﬁfanaA:¢
 exberien¢es éré‘fiffiﬁtd gﬁistiﬁg‘téxén éndviéggi;ﬁemOry‘ff 
>Systéms. Gardnefrefersto spécialiéedilgarning;abilities,
or-cbmﬁétehcies‘as inteiiigences.  He‘propose5~£hét peoplé
“ have_atvleast seven:different in£elligeﬁ¢eé.hoﬁsed in thebf
hémisphérés ofa£hevbrain;‘Thoée'infeiligénées are~briefly
sumﬁapized.ﬁereg
o 1. Linguistic: the abiiity»ﬁoqse'laﬁgQagé'
2.  MﬁSiéai€ Ehéﬁébiiityzﬁé.uéé;ienjoy.and éompose—a‘>
muSicalfpiécey |
3.v Logicélfmathematical; the ability té éxplore,i
pétterns(Categdries; and relati§nshipsby'ﬂ
maﬁipulatiﬁg‘objects or stbOis, apd fb‘éxberiment
"in a qonﬁré;led'érderlyway |
 4f Spatial: Tﬁe’abiiity to per¢eiveand:mentaliy'v
manipuiaté éifbfm or objec£; ﬁo‘percéive'éndj
 créate téhSion;‘balance,‘and‘composition visual 0£ 

Spatial‘display'ﬁv
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-.5._'Bodlly klnesthetlc the'abilityptoyuse‘fine'and e

gross motor skllls 1n sports, the'performingfarts,f‘
A'or arts and crafts productlons
.6,, Interpersonal:: the ablllty to understand and get

:along With.otners .

'_7.v Intra4personai;‘Fthe”aoilityﬁtoigain‘aocessfto and .

understandmone’s1innertfeéiingsfEaiéamS;mand;ideasm'
(Armstrong, 1994,.pryéf,: e | |
fThere are. a few key p01nts to thlS theory thatlare
important; ‘ . |
ti.nganh personpossesses all:seyenintelligenCes;
72: | Most peopie’can‘deyelopftheirintelligenceSjto:an
ladequate'level of‘comﬁetency,,f7
3. Intelligenoeseusualiyswork'togetner in:complex
ways. | i | | -
4. vTherevare many ways to be 1ntelllgent w1th1n each
N category (Armstrong, 1994 P- 12).:v
One’ s partlcular strengths or 1ntelllgences are'v‘
‘ related‘to memory.o_Thomas Armstrong (1994) maintains;that
_there'is ﬂbt‘g good;memory;or‘bad memory,but.rather _f’
;vpropensitiesité?rememoer different‘imputes‘and experiencesr
‘better;d“Tnus,’one,may:haye‘algood'memoryvfor faoes,

(spatial/interpersonal intelligenceiibut‘a poor memory for
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names and dates (linguistic/ logical—mathematieal
intelligence).‘One may have a superior ability to recall a
tune (musical intelligence) but not be able to remember the
dance}steps that accompanies it (bodily kinesthetic
intelligence) (p; 147) .”
| Armstrong (1994) summarizes Multiple Intelligence

theory as it relates to the classroom. “MI theory is
perhaps more accurately described as a philosophy of
education, an attitude toward learning, or even a meta-
model of education in the spirit of  John Dewey’s idea on
progressive education rather than a set program of fixed
techniques and strategies. As such it offers educators a
broad opportunity to creatively adapt its fundamental
principles to any number of educational settings” (p..x).

Teachers interested in conceptual understanding look
at the child’s brain in terms of being under the child’s
construction where thinking and understanding evolve
through experiences and communication. This communication
both internally in thinking and processing»information, and
externally in the exchange ef thoughts and ideas, is
important for this construetion.‘ It is also important as
it brings out understanding and misunderstanding for the

teacher to encourage and confront. This view contrasts
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‘Qith'oné of the bﬁain.as*aVQat to be filléd with specific‘
> tYpes.of thinkin§; Sﬁe/he bégins by éxamiﬁiﬁg‘and observing
 how étudents:apprQachvnumbérs,.counting énd Probiem solving
éituations. Sﬁe/hé méy'ésk>thesevtypes‘of;questions;-

e How do children look at.numbers?

. ,Can they see any numbers visuallyé

e Do they see 1,2,3,4,5 visually when’the.y.look at
quantities and are‘they‘able to uSe,this infofmatioh
af;they éoun£ and>problém solve?_:

° Cah‘théyvconsérve small numbers'qr are they éountingﬁ

~and recéunﬁing? | |

e How do they count?

° Can‘they-count on aﬁd,count back?

® Do they have aﬁy-counting strétegies?

'Piaget examined-hoW mathematical kndwledge develops in
children. “Piaget bélievesvthat Within each person theré‘is
an internal selferegﬁlaﬁion mechanism that responds to
eﬁviroﬁmental’stimﬁlationxby conétahtly fitting in new
experiencéé into e$istiné,cognitive structures
(aSsimilétion) and revisihg thése\sttUcturés to fitbthe new
data (acdomﬁodation). Piaget‘refers to‘these cognitive -

structures:asvschemas7 (Webb 1980, p. 93).
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 Much éf.this:pr6¢ess is assignéd-télintefhal
‘coﬁmunication} Informétibn‘coming.in;thréﬁghvthéiéehses is
either disCardédy o£ it‘ié>sorted('chécked agaihst exiéting
framéwérké; and,then thé.éid undéféténdings afe-chénged iﬁ.
some way into thé_héw;’ “Piaget believes that the child
first interhaliées concepts from his inﬁefaétions with the»
venvironment‘and latéf developé the langﬁage'to labels andv
dgscribe thesé understandings” Webb (l990, pf95).

- This is illustrated with the ihfant Who has a visual,
sensation understanding of‘hiévor her:WOrld; His/hef
understanding of mom,'for example,vbegins with sensations.
He/she learhs to recognize his/her mother by her smell, the
timber of‘her voice, the way she looks, énd her touéh.
Language‘does not exist at first, bu£ it does develop as
the child travels through,the,language ééquisition process.
He/she begins tovassoéiate the word mom‘With‘the schema
filled Qith sensatioﬁ‘information for mom. The category
"now has a label»thét can be communicated.‘ Mathematics.
inétruction,'however, ofteﬁ gives the ianguage labels firsﬁ
and then asks studeﬁts to engage in problem solving;‘The
labels are meaningless until the éhild has encountéred

contexts where the labels make sense.
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- Of particuiat éénéérﬁjto this projéét is how'§hilarén ‘.f
de&elop number-knoﬁiedge. ‘Nﬁmbér Ehowledge develppment ~1
.beginS‘at a very young age;'Tﬁe&developmeﬁt of vi§u$1.and‘
‘pérceptual understandiqgs of quahtity‘withouf hévingvto |
rely‘bh'the‘abstract Sigh‘for‘quantities ié oftén
'o§eridoked,a$‘a’de&elépmenfai step‘in’numbef'knoWledge
’deveiépment;"As*studénts develbp understanding of number
'concepts they must connéét quantitigs with namés and then
with the wriften.sign‘for the.number. Development of
sophistiCatiOﬁ withiquantities ¢an be‘de§eloped using
viéual fepresentationé of quantities using_dpt cards and
manibulatives.

| Children,can‘look-at a dot card with five dots and’
discuss how fhe& knew it‘was fivé.' They can aiso wdfk on
'imagining wha£ £he ﬁumbér W§ula be if one dét was addedvor
remé&ed; This ability“to Sée quantities immediéfely
without couﬁting iS‘called‘subitizing. The wérd subitizing
‘“comes from a Latin wo;d meaningfsuddenly,‘subitizing is
thé direct pérceptual apprehénsion of the:pumefOSity of a
‘groﬁp;CIements (1959). Subitizing‘is being‘able-fo see and
recogniZe.a quantity‘wiﬁhdut using. other mathématical‘
»proceséés (Cléments; 1999, p. 400). Clements identifies two

different,kinds of subitizing - perceptual and‘conceptual.
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e"A éhild‘éées»threévdéts, for example; andjknows.that'
' iﬁ is three witﬁéut,ﬁaVingvto.céunt them.té cﬁeck:if.he/she
is‘right. This kind_of>subitizingaiS“Caliéd péréeptual '
>subitizin§; Workiﬁngith dotvcards, dice;,and playing ‘ 
bcards childreﬁ.bégin,to”deVeibp visual ﬁémories;of‘number
quantitieé. Studénts can use thesevunderstandinéltélwork
with mb£e ébstract répresentations of,ﬁﬁmber qﬁantities
represented by digits. |

Conceptuél subitizing; on the other hand, ié é littie
more sopﬁiSticated énd ieads to fluency wifhlhigher
numbe£$.; When a child can cbnceptuall? subitize the Aumber\
9 on two dice, for égample,'by seeing four dots and four
dots make'8 plus one more dét in‘the middle madé 9 they‘are
demonstrating that they can see»and hold onto small
quantitiés. They.also‘understand‘howbto cbmbiné those
quaﬁtities into larger numbers. Children Who‘héve devélopéd“
conceptual subitizing are able. to QOrk;flexibly and
‘ fluently with numbers. |

A child is fluent with numbers when he/éhe can use
those numbers flexibly and efficiently in a ray éf‘problém
‘solving situations..How‘do children develop émall number |
knowledge?v How‘can that knéwledge be strengthened to‘the[

point were it can be described as fluent? Children
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collect, through interactions with their environment,
physical knowledge about the world.

A‘distinction needs to be drawn between the different
types of knowledge a child constructs. Children construct
knowledge about their world in different ways. A child
collects and stores physical knowledge. A child must
coﬁstruct what Piaget called logico-mathematical knowledge
(Kamii, 1985). A child dévelops logico-mathematical
knowledge through'empirical and reflective abstraction.

Physical knowledge is observable knowledge about
objects in the world around a child. The facts that a
block is yellow or red, it has corners, it doesn’t roll, it
falls when you drop it is a physical facf about the block.
The fact that the yellow block is different from thé red
block is an example of logico-mathematical knowledge. The
difference between the blocks is not inherent to yellow or
the red block. The difference ié created.inside the
child’s mind. This knowledge is_creéted when the child
puts the blocks in relation to each other. If the child
doesnft put the two blocks into some sort of relationship,
the difference does not exist. Being able to sort and
pattern réquire; that children are able to create these

relationships.
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. According £o.Piégét ghildreﬂAconstfucﬁ ph§siCal'ahd:l

. iogicofﬁéthé@atiCél_knéwledge?by[abétrécfihé;iﬁfd;mation”
'fﬁoﬁ théiren&i?énmenf-lKaﬁii;}1985).?:Eiagétfdistingﬁishéd
»tWo kinds of abs#faéting avqhildvdoes:aslhé/shépchess:‘
.knOWIedgé froﬁ theiﬁ eﬁvironmeﬁf, ‘Reflecti§e_abstraction

.andvempifiCai absﬁréction“are twévdifferent‘kindSVOf ‘ |
infoﬁmafion»prccésgiﬁg"pfocesses.

Piaget believéd_that childrenvabstractphysical
anOWledge abdut:thé‘wofld'aroﬁnd them through embiriEal
abstraétibﬁ; ’Thé anWiedgevthe child internaiizes is.-
obéer&éblé and appéfent. The‘informaﬁion-is stored with
',1ittie need fof féhearsa;‘and practice.

Refiective_abstraction( by contrast, is knowiedge
constructed iﬁtérnally és'the‘child puts objects‘énd.idéas
in relation to each other;jA_child develéps logico-
mathematical knbwledge thréﬁgh‘reflective abstraCtion.
Refléctive absﬁradtions and,empirigal absfractions |
constructed by the child do ﬁot exist séparately.  The
child épuldnot constrﬁCt'idéaé-bf'différence andllikeness‘
‘(reflectiveabéffaétiqh)ifthé¢ﬁild éouid‘nbt observe
properties bf{an objecf (empiriqal abstraétipn),

In'échéol,ghiidren leérn'sécial‘kﬁbwledge>andvmust

develop'mathématical kndwledge, Some,mathematical
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knowledge is social like arbitrary names given to numbers
and concépts. A child must develop logico-mathematic
knowledge. Piaget contends (Kamii, 1985) that the‘ultimate
source for this knbwledge ié within the child.

Several researchers have studied how social
interacﬁion between children helps to develop logico-
mathemétic knowledge. Perret-Clermont (1980) found that
étudents who engage in exchanges of ideas with each other
made_progress in developing higher order thinking skills.
She found that higher functioningvstudents benefited most
‘from this kind of exchange whereas iower functioning
students made little progress as a result of social
interacfion. Inhelder, Sinclaire, and Bovet (1974) found
that when children are questioned aﬁd provided with
conflictingvinformation they often are motivated to examine
their own thinking and modify it to a more logical
conclusion. This conflict can be created through
_identificétion of inconsistehcies in their‘own thinking or
in opposing opinions of Classmates.

Aé a child begins to deai with mathematical concepts,
one of the first tasks is to count. Working with the child
to develop subitizing ébilities helps the child develop

more sophisticated mathematical processes. Subitizing is
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 'ihstantly>Seeing hpw manyi ;A'child}déVeldpS‘mental

picturés for‘what'Kamii (1985)¥calls:perceptual numbers.

Numbers 1-6 aré”perceptual numbers-,Some children‘néed‘he1p 'jf”

developing theée meﬁtal imagéé; ‘Lea;ningAto‘see numbers’i
'énd‘amounts~quickly can bé‘faciiitétedvthrpugh'thé?ﬁéeféf” 
fdotlcafds_and ciass]dichssiQn. : . | |

Théﬁgh the per¢eptionvof,ﬁumber.quantiﬁieé ié‘the v
development of logiéQ%mathematiQal‘khoWlédge,‘the'WOrds Wé
use to repfeseht'thOSe_numbers!i$ sociéI knoWiedge;ﬁ |
Countiﬁg'word§ ére'anvekample of,§o¢ia1knowledge.‘ﬂoweﬁer)
the-idea éf quéntity.and‘thét,quaﬁtities.have réiationships'
to each 6ther:is an examplé of légico—matheﬁétical'
knbwledge.'As éhildren’develop the léhguage to count
oraily, they élso need’to develoﬁ the logidb—mathematical
coﬁéept dﬁ what Piagef called'érdervénd‘hie;archical
inclusion (Kamii, 1985). ’ |

Lookihg at two}differenﬁuchildren‘pérform counting
activitiés helps illustrate logico—ﬁathematigal knbwiedge
abstracted by chiidfén} Ihe taék for theéﬁildfen is to
éoUnt a set of blocks\on”the table. fherevare‘ll blbcks;
The‘fiféﬁ childfgounts thé‘bloéks aﬁd'comes up with”13,  
The,childbtouches ﬁhé.bloéks as é meanS‘£o establish é i—l

‘relatidhshipi‘but:has no wayvof‘keeping track of which
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) blocké;gté*counfééféha'Wpiéﬁiété’notQ~vit.shéulafbe3néted
'5 th§t”phis'éhiié ﬁ$$tde§él§§éd ﬁQ£e1iégicofmathemati6al:,
:kﬁowie&ge‘thén a;éhiid.Wh§ C§uﬁ£$‘otally:but'doés ﬁotimatcﬁ
1 §i§§£é £d §rachou5ﬁiﬁg in‘5 1;1 %élatiohshié (Qﬁe'item,"l
ﬁéﬁchéd td'§ne otél ex§£QSSiqn_§ff§¥ﬁumEér):.Thé;
déveibpmentEOffthe ¢oncept‘0fbivfoil‘ﬁé£éhihg wheh ¢ouﬁtihg;
;ié an.iﬁéérfénﬁ beginningétep ihkfhe.éénéervati¢ﬁ3qf 
nﬁmber;_vThécﬁiid tﬁaf'déésithi31kn§w§ that 5é/shé ﬁﬁs£ 
:éoﬁnﬁ'(say) on§uQ6£daﬁd £ouch oné'bidck affa’timé when
'ébuntiﬁg;, ; i | |
| Tﬁe.Sécéﬁdfchild:counts the;b1§¢ks and findéithe£e ére

11)1This'ch11d mov¢&_the'b1ocks'and‘Piégét'would_saythét
'this ¢hi1a has'qévgiaped.a'sense of»drder{_,He/she N
‘uﬁderstaﬁdsthaﬁlfhe‘numbers héve aﬂ'bfaer'aﬁdvthat:there
needé‘tdbé'order iﬁ thecbuntiﬁg'prﬁgess.to be'Sﬁre that
tﬁé coﬁﬁting is,accu:ate;bﬂe/she~h;é'éusehse thét thefe is
a'speéifié,quéhtitynto Cbunt‘éﬁd has1de€élbped ;‘logical
Strétég§ f§r ﬁéking sure ﬁhat‘all the:iéémS will be'dounted
ahd cQunted_9niy bncé. This child wiil‘begin td‘sélf—
‘ cqfrect when:én erféf‘écCurs. He/éhe will'ﬁonitor the
countiﬁg_proCess fé‘make'suréthat:ordéryhééfbeen

maintained. -
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The second child diScdsSéﬁfébo?e'al§Q ié bégiﬁﬁihg ﬁo.
develop a sense of What Piagetvaéﬁii}.l§85)‘féferred to és
hierarchical inciugionm As thevchila counts dogs the’terﬁ,
' foi fodr ﬁean the‘laSt object countéd'or all the items
codnted into é total?, Axchild whodeesh’t ha&ébé sehse of
indlusion_in‘nuﬁberé doesn’t ﬁndérstand £hat‘1 is part bflé
and that 1 and 2 are part of three; ‘As'é child at this
le%el of logicd;mathematical devel§pment counts,. fhe last
object cdunted bécbmes the totalvirrespective of whéther'uv
all"iteﬁs were'countéd_ohce and only once,and.none‘were»
skipped. Self—monitoring,and self-correcting of the
mathematical mental énd‘physical process of dealing with
number and manipulatiVes develops as é child develops
his/her logico4ﬁathematical knowledge.

Childreﬁ ﬁave aifferent kindsiofkmemory systems.
Memory and’thevdeﬁelopment‘of logico—mathematical knoWledge
- can be supported through the social‘intefactions and
capitalizing on emotional involVément. ;DiscuSSions of
problems solviﬁg'techniqueé heip childrén‘develop more
efficient and effective‘memories and‘knowledgei
organizational‘systems in their brain. The child must be
actively engaééd and held aCCOunfable forbliStening and

thinking during these discussions for thém to be
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beneficial. Through classroom discourse management and
observations of children the teachef begins‘té understand
the mathematiéal thinking processes‘thé child is able to
use. The teacher is then able to take the child where
he/she is and stretch their thinking a little at a time
with questioning that‘prévides the child with opportunities
to examine thinkihg. Mafhematics Chats are a venue for
facilitating this process. Here is should be noted that
critical aspects of the classroom and feedback techniques
are very important in facilitating this précess.
Mathematics Chats by themselves without classroom
management te;hniques in place will not be as effective in
producing metacognition. These management and teaching

techniques will be discussed in subsequent chapters.
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. Implications for Teaching

’ ThlS prOJect was motlvated by the request for ~more «f

’1“f‘d1rectlon from teachers at a Southern Callfornla elementary

‘school‘"Thelrwfrustratlon 1s many fold | The current
»adoptlonhmaterlals‘lack dlrectlon 1n concept development
:slack in- depth concept development w1th1n the unlts, and a
"“lack of sufflclent practlce of concepts‘and skllls Often,
'demonstratlng prof1c1ency on Sklll tests 1s used as the
‘measure of understandlng. | o
Marilynméurns (1986) comments onbthe narrow.focus of.u

mathematlcs 1nstructlon, “Elementary grade chlldren spend
. an estlmated 90 percentvof thelr school mathematlcs tlme on
paper and penc1l computatlon, most often learnlng
computatlonal skllls by rote Many students learn the a0
’rules and are able to do the computatlonsy but computatloni
“success often mashsustudent’s lack of understandlng and
"reasonlng skllls”r(p 34). ThlS practlce‘runs contrary to
what is known about chlldren s oral languade development |
and‘the‘usevofvcommunlcatlonﬁln learnlng',lstudents are
~asked to use" readlngvand wrltlng skllls ln mathematlcs

vThlS practlce does not: capltallze on thelr ablllty to
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li#ten tohahd:£a1k abéﬁ%lﬁéfhéﬁéﬁics;' 1£ i$ widely_v_,1 
1Técce§ted.in~dther Cﬁfridﬁl#f?éféé§7gspeCiaily’readiné:tha£ ’f
7;bfal lah§uag¢.dévéiOpmeht éﬁ&ls¢héﬁé_buildiﬁg;i§éﬂq;ifiCéi:
éért of”ﬁﬁéieaihing,pgocegs.‘-Yet it}is‘glifgﬁt ignbfed iﬁ;k ’

mathematiCs‘instructiong_“

‘Marilyn”Burnéﬂflésgy,iin hé£ boék A ¢6i;ection.of Math' 
“ Le$$§ns, refleétéhdnahgf:e%péfiéncesfiﬁ'the éiéssr6§m és?a ‘
:vféacﬁéf avaeil.as,afétddéﬁ£; ‘Shé déscr;bésiﬁér firéﬁ”féwil
" years as a'teaéhefWifﬁ ¢éreful}yipiahned.ﬁathematiCs
‘les$0ns. She.cbmmentsvﬁhatlit Qés n@t ghuéﬁal‘féi.Childien'

- to come up and:ask; fIf y6u?ii_jﬁst telI mé_wﬁat-£o do,

' iIfli»do it,” Kplzf,ﬁhen theyvhadvbeen’préséhtéd'with é
,fbrobleﬁ solviﬁg sitﬁétipn; This cémment indiéétes the
,Student has'spenflmuCh:time with‘meaningléSS'exercises énd,;

is not de&éloping‘logical thinking prOceésésT‘

"What arekteéghgrs_who afé‘conSidered‘éXperts‘in this

' area‘doing to meet ﬁhe heeds Qf theirstﬁ@ents;{vafied'
léarniﬁgfstylesé How do those'techniques_ehCourage‘
inclugibn.aﬁd eiiminate gendef‘biases?\‘As changiné

‘dﬁr;icﬁlﬁm and festfucturing‘éfforts eVQIVe;it is
important to loqkatwhatsuccessfui teachers have been
dbing to meet the‘hééds of their studeﬁts' Varied learnihg

styles.
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‘qutaré.effeCﬁive teacﬁers Cdﬁstructing the leérning
"vénﬁironment to féciiitate'the-aééuisitionQf and abilitYﬁto
~ use and-manipuléte ﬁathématics concepts at ﬁigher lévélsvof
i-thinking? Leiﬁhardﬁ (1986) aﬁd Simqn’(1989) ;anedjat the
’Q.practices.of‘teachegsband fgﬁhd»égmé commonéltiéslbefween‘
 §xpert£eécher§;;:Tﬁey‘cqnélﬁéedz sExpéfts ére usualiy‘good
at constfuétiné}sefiésjbf iééséﬁs thatiguccészully‘ -
‘transmit the content that needs to bé'léarned. ' Their
" lessons aréﬁciéér, accﬁfaté, énd-rich infexamples'and-
}demOnsteriQn df pafticular pieces‘Of’mathemétics.. The‘
expert.téaCher §resent$ this new materiél,ﬁithin,a céherent
but_flé%ibleblé§é§h,strUétUreé ‘Bothvthe_lessén’structurév
and the qénténttpfesentatiénzare criticél.»qurther, these_:
iessons také piéce in ép academié;eﬁﬁiféﬁﬁéﬂt ﬁhat fécuses :
bn'thé_épecifié§ thé£'s£udénts are expégted.ﬁo learn
(Leihhardt; 1955,p{29);' | |
LeiﬁhérdfiéléQ f§uﬁd thafheXpért;teaChéﬁs spénd more
time oﬁ:ﬁask, héVe:a 1ogiéal éequence_to”aétivate.séhema(.
‘_bridgéklea;ning;.teaCh new_skiliérjand make‘content aﬁd 
lesson’désigh éhanges Wherever:necessafy{  He fbﬁﬁd that.
"tﬁe expert teachers"read ﬁheir-students aﬁd éstabliéhfneed.
fThfbﬁgﬁ.a‘confiﬁuél process of éommﬁnicétidn with students,

: expert>teacher5'adjust‘instruction’and provide numerous and
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varied types of input and modeling. This varied, flexible,
and repetitious use of different strategies is in an effort
to reach the strengths of all learners and help scaffold
where necessary.

Simon (1986) examines behaviors of the learner that
affect learning. He reinforces the idea that children
journey through stages of understanding of mathematical
concepts. It is the teacher’s job to guide them in their
development through their strengths and learning styles.

He explains (citing Papert, 1972) that students need to

explore and discover new [mathematical] concepts for

themselves (p.41l). This is in agreement with Piaget’s
theory of cognitive development. Simon reported that
students while “...discovering new concepts for themselves

have the opportunity actually to do mathematics rather that
passively learn about mathematics. The guided discovery
approach challenges students to think more deeply about
concepts and to create representations and explanations of
those concepts as they connect with their prior experiences
in a personally meaningful way. As a result, children
retain understanding of the concept longer than students

who have only the teacher’s or the textbook’s explanation”
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Pépért,g(i972); Befmanf(1982),fcited'in Simdh (1986), ,4,“ 

(p-an).
" Simd‘n“.al"‘s‘o_-' recommends thét:“whi‘l;é_engé‘ging _inrand" as 'a““ |
FfOLlOw up'to.disédvéry; $tﬁdeﬁ£étﬁééd'téi%ofkﬁqggfhéf énd"‘
‘ ﬁerbaliZeincpopéféﬁiVe:léérniﬁgvgrouﬁé_aﬁdtwérkb |
sitﬁa;%ohs.‘ TQO behéfits?areigéihed'from £hiéVtyﬁe‘ofw  '
7_infera§tion.. “First; studentS'are éxﬁoséd»£b divérsé;'
thinkihé and prgbieﬁ;501ying-ap?fdaéhes;..Sééaﬁd; théy f‘_'
develop metacogpit'i've skills ;‘ ..}‘qlndx.ﬂledge about their own
cogﬁifiﬁe‘proééséeslénd the,abiiityité'ﬁse?them? (P-42)-¢
Thé“choices?a cléssroom;ﬁeachéfjmakesbdefinés?for
children.the nétuteaof mathematics;bJamgs Heibért,'Thomas‘
P;‘Caipenter, ﬁiiéébeth fenhema, Karen C."FﬁSOH;’Diana

‘Wearné,4HanlieiMurray, Alwyn‘OliVier, and Piet Human in

their book,‘Mékihg Sénse‘(i997) eXéﬁine critiCalaaSpécﬁs of
‘ﬁhe mathematiéséiééSrodm enVironmént”ahd the tQachihg%'
Jléarning;proéess;’ffiﬂ"" o S
: Réseé£¢héré frdm four‘différent uﬁiversiﬁies ,
collaborated on_£é$earchdesigﬁed to develop’stﬁdeh£ : 
.understandiné éfmaﬁhematicalconéepts‘(maiﬁly additioﬁand
subtraction'coﬁ¢ép£§);y'Tﬁe(pfojectsvdévélqpéd, | ‘
vindependently, butiéftéf_ébntinﬁal'coliaboration)'f

researchers‘on.thé‘projects began_to'notice that while



”ﬂ,differeQQesféxiS£ed bétﬁéén‘§11-§£ﬂthé;prdjé¢té,théf.
‘ §rojeEts héa.gbrégfeéfu#é$ iﬁ ¢§ﬁmoﬁ;_'ThéséEfeatUréé-apéu 
: Qhé£ thé re$éé£chér¥:deséfibe as?£hég¢fi£idal féé£u£éséf
 ‘»fhefciééérdém;"Tﬁeséiféa£ﬁr§s relaﬁe £§ theinatungof'thé: 
'IJ'tasks étﬁdénﬁéiéﬁéountef,}iﬁeTrolénoffthé'teéchef,ffﬁef' J“,;
sqciéllcﬁltﬁf¢f6f1ﬁhe}claSéfOémg;thé ﬁé£héﬁé£i¢;itholé"ahdv
..learhiﬁg $uppoft;%brbﬁidedfo:bﬁiidren;yéﬁd hbw'eqﬁitéblé'
.and'aceeSéiBiegis?théﬁpfqgfam?£§ all1St;aén£$;‘
| The kinds of task students are asked to complete

1f’défine‘for\the@ whét‘matﬁémaéic% is; fIn7££é c1a$Sr§om tﬁé’_v
tasks éét:gthé'fbﬁpdatiqh‘fqryﬁhe éysﬁeﬁ inns£ructi§ﬁ”? 
(Heibert, 1997, p. 7). Heibert points out that different
kipdsléf tésk§ leéd1td‘aiffé:ént kindé{dfhiﬁs#ru§tiqn.  If ,v
the QOalwisvté;geﬁérate“Opporfgnitiés f6£;s£uéentsito.bﬁild~_n
) underéténdingqu métﬁéﬁaficél'#kiiis‘fhfoﬁéhEé%pléréﬁibp,  
'commuhiéétiéﬁ éhd ae5a£ep“ﬁhenvthéuclésé#Qom téék§‘1§§k  Z‘
:E_Very diffeféqfﬁi Héi£é¥t>egplainéfthat.if*#ﬁe fésk i§ £o béi.
véfdblematic fothh¢léhild}}andiéndouﬁagesvthé.éhildito  f
>éngage in-éx§i6ra£i§ﬁ.andvfhinking, i£ ﬁés"at;ieéét'thfée~'ﬁ
différént-féatutéé.’Thoéévféatﬁreésarévpa£$ph335édin the

'7bdiléts_below:1:
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~® The taskbis problematic - that is to say students
see the task as an interesting problem. The task is
something to find out or to make sense of.

® The task‘must connect to where students are.
Students must be able to use the‘skills they already
have to begin developing a method for completing the
task.

e The task engages students in thinking about
important mathematics. The task provides students
opportunities to reflect on important mathematical
ideas.

Classroom discourse is managed very differently in
this situation as well. This leads to the discussion of
the teacher’s role in selecting and managing classroom
tasks. In traditional mathematics classrooms the teacher’s
role was one of dispenser of mathematical information. In
this context, the teacher selects tasks that involve the
students in listening and imitating. In facilitating the
development of conéeptual understanding of mathematical
ideas, the teacher has a new role. Heibert (1997)
describes this changing role as one where the teacher is

“selecting and posing appropriate sequences of problems as
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opportunities for learning, sharing information when it is
essential for tackling problems, and facilitating the
establishment of a classroom culture in which pupils work
on novel problems individually and interactively, and
discuss and reflect on their answers and methods” (p. 8).

The tasks selected and the way in which these tasks
and resulting discourse is managed encourages the evolution
of the social culture of the classroom. The way in which
students relate and interact with each other dictates the
level at which collaboration, communication, and acceptance
will occur. It is important to look at the ways in which
social culture of the classroom can be fostered where
students are reflecting on mathematical ideas and
communicating with each other. This reflection and
communication is what builds understanding.

To develop this kind of environment, several things
have to be in place. Through their research, the authors of
Making Sense (1997) identified four norms of a healthy

social culture. Those norms are summarized below.

® (Classroom discussions center on problem solving

methods and mathematical ideas.
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’ffHStgdeﬁféf'When:pregentéd with aﬂprbblé@L.ChOdSe'
. 3me£hodé of,Solving th$t’broblém;éﬁd.ééﬁmunicaté,;-
' those mgﬂﬁddsfté’théir,péefs; An éﬁviﬁ§nméﬁt Qf’
respeé£ is:ne¢¢§Sary fo:éﬁtourégé,the'takingvbf‘thié
'risk; " . o v ,

. ‘Mistakei.s are not ridiculed but ;dok'ed :atv as an
ydppoﬁﬁuhiti to éxéﬁine thinkiné; ﬁatﬁéﬁatical
uﬁaerstanding‘énd‘mgtﬁodblOgy.

° .Correétﬁess is_éstabiished by>thé'recognitioﬁ'that
mathematics_has a_logic aﬁdvthat-itiis.not the_
teacher brltﬁé “smartest student” whovdeterﬁines'
that‘login | |

Students may find it uncomfortablé‘when‘the teacher

suspends the indicaﬁibn of correctness tb ehcourégevfﬁrther
discussion about mathematics or the methodology used by
studenfs.> It takes a while'for:Students to becomév‘
comfbrtable or at least-écceptihg of this susbended
aniﬁation of correctnéss.Making'thémbtake a‘stand by
vOting on most probable answefs andthen'furﬁher discussingv
ﬁhe_possibilitiés aﬁd‘then re—voting mékes_it necessary to
.recdnéidef thevmathematics'and methpdology:sevefal times.

In this way, studehtS'beginrto see a reflecting process and
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beéin té see the pqssibilityﬁof}recoﬁsideringitheir’initial
'answer”i Beéommeﬁdinéthis kind of processvis ﬁotnew. In
the ea:ly part of thetcentgty, John Deweyv(1§29/t1933)”
wquld agree that wheniQne_éxpefiences uncertainty.and QoméSi
’to‘revei in‘the problémsoivingvpursuit the procééé bfi._
becQﬁing‘a‘reflective métheﬁatidian hasvbégun;
The‘fourthbdiménsionvof tﬁe'classrdbmiisithe kinds of
.fOOlS aVailablé to use to.sélvevprbbiems and howvthose
. tools are used. TOolSraﬁgeifrOm the chalkboéfd and chaik.
and‘paper-and.pencil tqia broad range)of.maﬁipulatiVesé It
- is important to point out that‘téois are for,uééiin
’developing understanding-inmathematical‘concepts and-‘
communicating about mathematical ideas.,”fhé tools prévide
a pérmanent or témpOrérylreéreééhtation of understanding of
Concépts being eXplétediih‘the task at hénd; The tools’
uSéd'do:nOtbcohtaiﬁ the‘mathémAtical concepts but are a
conduit‘to developing and‘commuhiCating thbse coﬁcepts.

- The last dimension of the‘ﬁéthematics clqssroém isithe
quéstion of access and equity; Do>ail students in the
classroom have‘equal acteés to thé‘cttriCulum;depending‘on
théit ability? Aiefthéy proVided'équal oppottuﬁity‘tq
explofe conceptskand cémmﬁnibateiabout théit ideas?‘ Tﬁe

‘main questions to consider here is are
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1. Are all students able to participate in the

mathematics being explored?

2. Does everyone have a chance to explain their

thinking?

3. Does everyone participate and contribute to the

discourse?

If the answers to the questions are positive, then the
mathematics program has elements of accessibility and
equality. If the response to these questions is negative
and the goal is equability and accessibility, then
alternatives and modifications need to be examined.

The behavior of expert teachers has been examined to
indicate the behaviors that produce successful mathematics
classrooms. Expert teachers have in place critical feature
of the classroom that make their mathematics program
successful. The critical features of the classroom have
been explored as Heibert et al. (1997) delineate them
provide an interesting scaffold to construct an effective
mathematics program.

Expert teachers spend more time on task, know their
students, and are responsive to their needs. They adjust
instruction (and tasks) to meet the ever changing needs of

the students. Being able to be responsive to student needs
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requires knowing the students. Knowing the students
requires communicating with them and getting insight into
their thinking. This can be accomplished only through
observation both formal and informal and through
communicating. The activities described in the Mathematics
Chats appendix to this project are envisioned to take place
within the context described above.

In the next chapter, the use of whole class
communication and management systems will be discussed
briefly as it relates to ways in which ongoing
communication, both verbal and non-verbally, can be
managed. This discourse is critical to the ongoing
assessment and feedback that is important to inform the
teacher’s instruction as it is unfolding. The lesson and
students’ development is intertwined in a dynamic and

evolving process.
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'.:Chaptér 4

Assessment and Management

Sgnaté Bill 62 céllsfféffthe’AQVélopmeht of‘a>systemﬂ'
‘designéd-to'gmakevassessment'an integrai pa£t.of the
,instruétiénal pro¢é$$” ahd‘§to'féciiité£é‘thé development‘
.;of.each‘énd‘eVery‘pupil to~bécome>avéélfémotivéﬁed,
COmpetént, life—lqng'leafner.”

As é_feSulf of Sénate Bill 62,v¢alif§£niafs‘ 
éducational.comﬁuﬁity set Qut to developperférmanceQbased
'asséssmént‘in‘Several curri§ular aréas befween‘l992%l994.

The £ests £hat wefevdevelépéd‘Wére timé»iﬁtenéive to
administef ahd sc§re,  The$e3tes£s came ﬁnder heavy |
criticiém aﬂd were nbt fﬁnded”again:in 1995. The.State»"
\i wént to using thevStahdérd;zed TéStinq'ahd‘Repbrting
 :p£ogram,kSTAR;LDisfriéts*Wenﬁ,baqk fo uéing standardiZed;‘

>‘tests iike the' SAT 9;~ This‘kind1of test‘waé fémiliér to
:parents;ahd’SCbred ohcé again by maéhines.r‘ | |
:'Thé heavy focus on‘aésessment,in thé fo;ﬁVQf
standafdi;ed teSting‘has~inCreaSed its éﬁésenbe'in;
Californiafs clé$sﬁo6ms, The.numbér'§f:eiéss“houréz
fétﬁdents‘spend tééting’haé,iﬁcréaséd,*Thevdays per yeg£ 

]spent_tésting.ihcreaséd frOm73—4'td~12—l6 dayS‘per year..*



Additionally to prepare students for these tests, teachers
are spending more time with test preparation activities.
What is concerning about the amount of time testing is that
these tests are used for comparative purposes not
necessarily to inform instruction. The National Research
Council (1989) indicates the negative impact this process
has:

» Tests become ends in themselves, not means to assess
educational objectives. Knowing this, teachers
often teach to the test, not to the curriculum or to
the children.

» Tests stress lower - rather than higher order
thinking skills.

Tests used in the above-mentioned STAR program have
tremendous power over curriculum content choices made by
teachers. The scores are becoming increasingly more
important as they are used for evaluative purposes of not
only the child, but of programs, schools, and districts.
Textbooks are being written to align with the tests - when
these tests do not even align well with state standards and
benchmarks. State standards and benchmarks do not always

agree with what researchers have found is appropriate for

55



different déﬁelépméﬁtél léﬁels éﬁd ar§ ndt; iﬁ Some cases
 ‘compdtibié‘with new reseéféh»bn'héﬁ fhé ﬁiﬁd ﬁorks. 
.Régardiess‘of'this'researqh, pdiicy méké£s'continuejto*rélyf:
bn thése éfandardized tests as a ba?om§£ér’§h sﬁﬁdeﬁﬁ_ .
.suq¢es§. | |

ConstaﬁcéjKamii‘(1§895 wés concerned With whether'd£f7"
not studénts inVo1Ved in traditionél_métﬁeméfics prograﬁé.
did_better or worse than dhildren in,constructivist_i'
mathematics programs. She found‘that.on}thé standardized'
>tesfs; the traditionally taﬁght $tudént§'didfavlittle_
better‘(79btvk‘1 percentilevveréus 85ﬂ33 .When,i£VCame to
~demons££ating coﬁcebfual‘ahderstandingvof Place'value.With a
numbers and in additién and sﬁbf#dc£ion; ponftraditioﬁali.
' problem sblviﬁg; énd mental\maﬁh_actiVities'thestudentsjin
- the constructivist classrooms-far Outpérfofmed‘the‘
Stﬁdents_in the‘tfaditionai éiaéé;ooms.: Shéwépﬁribﬁtes'
.vthis_fé;fﬁé differént lévéis@f iearniné:and £hinkihgthaf,
bCCurfed in'thedifferénf‘claSSLSettiﬁgsf‘ S£andd£dizédv 
'§¢hiévemeht test$ é£equﬁSﬁruéted to'test'conéépts 6f.ﬁéthf
vinié_framéwofk>£ha£‘defines mé#ﬁ a§'V§“sét.of‘gymbolsk%ﬁd  .
ruleé‘br.aigéiithmsté interhalize,‘Becausé;t?aditional'
mathemétics eduééébgs and makérs,of achié§§ment téstsf

‘either do not know or do not accept the diffqrenceibetween,
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social. or convenﬁional-knowledge andviogiéo—mathematiéal'
knowledgé,-they,reducé.ﬁafheﬁati¢§ to COnventionalbsymbblsu
ahd rules",(Kaﬁii; 1991( p;7).' The concerﬁs dver the

‘, effécts stéﬁdardized testing havé on‘céntent‘and curriculum
existea'lo yeéré ago as'stroﬁgly as they do_today. |

Constance‘Kémii (199i) reported that thévuse‘of
achievement teSts invthe primary élaSsron pér@etuated
lower level thihking skills. She found that studenfs.in
boﬁh the traditional math program and the students in the
constructivisf classrboms she compared scored similarly on
vachievemént tests; However, studeﬁts.in the‘tréditional f
prograﬁvcould not explain their thinking and did not know
why answers were correct ¢nly»that they were. Students in
a constructivist program were more ablé to brihg‘probiem
solving skills and explénations'to the problems feéuiring
the integgatiOn of mathematics Skills.‘ The Natioﬁal
Research Council (l989)“warns that achievement.“tests
become‘ends‘invtheméélvés,‘notvmeans to‘assess edugational
objectives. Knowing this, ﬁeachers ofﬁen.teaCh tovthe‘
‘tests, not to the curricqlum or to the children.?_Iﬁ
éddition; “Tests stress ldwér- rather‘than highér;érdef

~thinking skills” (p. 69).
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The remainder.oftthis ohapterVWilieagdreeenongoing"
vasseesmentfand;management techniqueevthat can;be uSed;inf‘
the Classroom to:assessvetudent progress_and inform'
minstructiOn; .Thevstudent feedback sYstems’thatfarem
_desoribed are designed to give the_teacher immediate
'feedbaok as to,nnderstanding. vThis.immediate’feedback
allows teachere-to makefcnanges‘in the’course of a leSson
in progrees to reSpond to»the understandingbor
_misunderstand demonstrated by the students;

The management of discoutse‘ang tne conetant
assessmenthof understanding are critical to the flow of tne,
ieseon. Without this information;it is difficult to change
a‘lesson or plan lessons to be‘responeive to the;needs of
the students. Using several different'management techniqnes
can facilitate assessing‘students at work through informal
vobservations. Hand and finger signals, whole groub
responses and other response-techniques incteases the
involvement; partioipation and time on task for etudents.
These techniques go hand’in hand with questioning
techniques;‘ | W

étudent accountability and participation during‘the“
oourse of a leseon is theggoal of the management techniques

taught through the Math Matters” program. The‘Mathematios
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’Chéts,oﬁ Ehis_prpjeéf are'aééigﬁéd”t¢ takeplé¢e in‘a‘
cléSSréoﬁ ﬁherenohgoing ésséssmentand'stuQenﬁ |
Partipipaﬁionﬂére‘eséentiél élements:ofvﬁhe teachiﬁg‘.
leafninézproce38t> | |
1Thi$:prbcesé”is charaCteri2éd by donstanﬁ infoxmation
‘cOllection bytﬁe teacher thrbughvverbal and noﬁ—verbal
ébmmunication.éhdfmanageméht teéhniques; Two‘keyfareas‘in
Math Mattér$ trainih§>is ¢onteﬁt énd‘managemenﬁ strgtegies.
Céveriﬁg all thevobjecti#es.delineated in theiCalif§rnia'
Standards énd‘Béhchmérks réquireS'timé onvtaskfahd_
effeétivevtechniques’fo‘facilitate thé leafning process.
TheSe are-the foCus}betheﬁManagément? insﬁruction, Focus,
and FeedbaCk:(MiFF5 Techniques. The MIFF‘Teéhniques focué
on sucCeszUl méhaéemeﬁt Of_content,\inVOlvé all students
and viSitors, kéeﬁyavfOCus'on th¢‘curriqﬁium and learning
béhaviors;‘and*§£§Vide a féédbéck iodp\Sétthe teacher can
modify:andisédt teéch>as neéeséary;;

’:.The ﬁiff Tééhhiqués are*flekiblé‘énajcan be‘uééd_"_
across the”cufﬁiguium.‘ Th¢re a;¢‘teﬁﬂté¢hﬁiques:‘Modesféf
"ResponSé,°Séeéifi¢ §ﬁé$tibns7'Haﬁd aﬁd;Fiﬁger Signalé,
>Positiye Reihfdféeméhﬁ (AnéWers—Behaviof5; Spaée,
’Déiiberate,Mistékeé, Ciféﬁlati@h (Rapid¥with hihts);

Involﬁement_of’Visiths, Do You Hear An Echo, and Wait



vaimé{> f ‘ 
' M¢dés;¢f_r¢spoﬁsé:ﬁelp s£udents’knbwvéXactly'hoﬁ ybu   
'Want £héﬁ;to.réspbn§ td~éd@éstioﬁ;: SbeCific-Questiqns “f;
;helps£udents:foéﬁs théir1thiﬁking"tb gaih insigh£ o£'lé§djt'
fIStudénté to'épecifié khOWiéaée. 'Hand and Finger Signals |
lgiVe all~spﬁdén£s a Wéy §f responding't§,the éuéstions},.
"éositiVe:Réinfbréement~t§,both;behéviofland to,£esb6nsés to
"the_contéﬁtjhélp studéntsQiéérﬁfihétfthere afé invol&emeﬁt'}
-expeétafioﬁs.éndvthat>§héy¢will;bquéhsisféntly reithrced.
Staﬁementsilike the QheS bele’teil:s£udents exactlvahat
“kind of-respénsé is expected; |
,,.'Taﬁing_a lobk af classroom discourse duting'é "

'v[MathematicsChat iliustfates‘hoW;féur of the MIFF

‘ stra#egies can”be.used Simultaneousiy. vBefore showingfa
"meaningful fiésh-caﬁd with 5 dofs thé téédﬁer‘mightguide
‘the discqgrée in'thisvmaﬁﬁer; “Show mé On'your fiﬁge?s‘th
'maﬁy degcaré on the cérd;  Make sﬁre:yéq are shoWing;mé’
your'anéwer in‘your super—studént épgce;” (Trace anézon _
youfvcheétllikegSuperman’s rémiﬁds stﬁdentsfwhére YOu waﬁﬁ"'
‘to'see thé énSwef.) A speéific'modeubf response and a
‘spééific’queStion to'fespoﬁd to‘has been given. Then wéit
~and watch and.give_positivereinforcement tovthé‘ -

‘appropriate behavior. ™I see that John, Paul andfTiesha
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have’idéaé?ﬁifCéﬁ see theiritﬁihking;"Leﬁfs‘gee:whatthei
1rest df,Y§ﬁ é£é t£iﬁkiﬁg.”; “Jér&me,’is~showihgme five
 fiﬁgefsjﬁ Wfitéithe réspohseKdoﬁn aﬁd_thaﬁk‘him'for.his
‘thinking;" §i aisé éée four fihgers éﬁd‘six fingers;n‘writé‘
" those dqwn:too,‘ﬁalidatingcthat thinkihg happened eveﬁ
lthough ithAS‘érroneogs.‘“Cﬁéck‘it agaiﬁ.and:see,Who you'
agreebﬁiﬁh; >Tﬁﬁﬁbs uﬁ”if:yoﬁ‘thiﬁk the&énswef i$v4, 5/ or
éan “Jeromé_qan YOu téll:us‘how you knew.it.wésfive?f
vi”At thié pbint Jeroﬁe'has»the'f;oor and explaiﬁs his

thinking ﬁrocesé, Thé teacher models aétivévliStening>and
' ¢might ask if anylother étuden£s ﬁhoﬁght of‘it,the,éameNWay
Jérome did. S/he'May;aisQ aéklfor aﬁother student to tell
in his or her dWDFWOrds.hOw.Jeréme figurédvont.thevproblem.
Ih this way the‘teacher reinforces that each studeﬁt’s.
'ideasvare important and arento\be listéd tova¢ti§ely. ‘Thev’
childrenbeginjtolleafn’that it.is their job to listén and
think éboﬁt”fhé,ideéSiof,tﬁeir‘felloﬁ classmatés.' The
teéchervhas fd be~cérefﬁlkﬁot{to'rep§a£>what thé child says
'éé cﬁildréﬂ wiil 1earﬁ'todwait fofhim{éfvher‘ﬁo eXpiaiﬁ‘it,v
instééd:of iisfening‘ﬁhe fi:st tiﬁé.' Thé ébdve deSCribes{
k an implémentatidnvoffthé Dé YOu hear an‘echqéjMIFF>

technigue. ‘Also demonstrated above is the use of wait
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time. Waiting to colleCt enswersvis impertantfiﬁ giving
511 childten a ehaﬁce»te accomplish tﬁe thiﬁkiﬁg task.

Delibetate mistakes, Cireulation,ilnﬁdlﬁement of\
'visitors, and Space'are foﬁr more MIFF‘Teéhniques.
Deliberete ﬁistakes set a‘positive environment'foririski
takisg and help'childten see that it is not “bad” to make
an errer. Circulatioﬁ.through the classroem watching
students"werk aﬁd dropping_in hints helps guide students
through the activity end is wvaluable in.cellecting
information on how students are perforﬁing through the
course of the lesson. Involvihg visitors’helps to reduce
interruptions. Using ciassroom space helps to reinforee
positive behavior 'and involvement. Moving tﬁreugh the
classroom and redueing the proximity to all students helps
to reinforce and establish participation and‘behavioral
expectations. |

A snapshot into the class helps‘illuStrate the
techniques described aboVe. A student enters the room
while the class and teacher are invOlVed with a patterning
aetivity at the overhead. Students at their desks are
lobking at different patterns and reproducing:these“
patterns at their seats. The visiting student has a note

and needs a response to take back to his teacher about an
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'upcemingfevent)beth eiasses afe inﬁolvedjindlater‘in‘thef:
day.x:fhe;teachefﬁaSks‘the;#isiterito;makefafpattern envthev
. ovefheadto‘ehaiienge”the'elass‘whiieds/he tespendsste‘the |
vnete.':As she fesﬁpnds:te-thevnotésshédcanialse1§irenlatefn“
and ;éspcnd tonstndenthmbmk_meving:abeut theftoom;to“seedv
nthat'studentsnatetQn;task‘diving feédbaéhtasdneeessary;,iA”
student‘ishefﬁhtashband;themteacherfmovesainitoieiose;d
dprQXimityyteethestudentdeneouraging'approptiate'behaniem.';
,>fhenete'isvthen finished:\deiivefed toxthehvisitor.Wheinow‘;
'1eaves;‘anddeiass eentinnes.mith»minimalfinsthCtional;timefuh
lost.}iTheteachefsfespendsvtobthe’taskfbeind‘compietedﬁands
gives’a new chaiiengei_a patternmith,ahmistake,thhis;i:
pattern gives:chiidrehta;nem’ehalienge:'make’the’patterni
find»thevmistahe anddfin it.. Discoufsefcontinues,Sthents
bnotice‘the mistake-and.offef’Suggeatiens'to;fi%,it,e>The
'teaeher‘pesitiveiy feinforees‘theineiemetness;at seeingl
the mistake andtknewing hew to fix~it;

Hav1ng all students 1nvolved approprlately all of the
time is the goal U51ng effectlve classroom management and;
discOumse.strategies that increase the number of students
that can he 1nvolved answerlng qnestlons helns to reaeh
toward this goal The management of dlscourse and the‘

‘constant assessment of understanding’are critiCal tO"the-
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. fl§w Qf,the iesS6n.l.Withéutfthis information it is
difficﬁlﬁ toféhaﬁge‘é‘ieééon or planfléSSQns tQ bé
respdﬁsive,tofthé‘néeéé;of-the:studéntsp;7"'

“Mény differéﬁtaspéctéof”the cléssrooﬁ have beén*
_discussed_iﬁ théﬂpr¢ViQﬁs"chéptefs;  Tﬁese2ideas haVe beeﬁ ;
developing-éver;time‘withfmany influénces'from_various- "
reséarchefs.aﬁdresearéhiﬁg practitibnérs,in the'fieid of
_méﬁhemétiéé and iﬁ’fhé'classroom. vSome,éf_theSé.
infiﬁehtial perlé‘héve beeﬁ widely-published'éhd others
ha&e béén_iocally:inspiratidhal to the.téééhers piloting
the matefials ahd ideaS in ﬁhis'thesis.'iA’biief discussion
of the inflﬁénéés,thétbwere'p?ominent‘intthejthrﬁugh the -
process’of‘deVélOping this project will be discussedﬁinithe‘
next chépter, |

~Diréc£ly féllowingithe next chéptersis«a oné—page
métrix that'ae8cfibes a sequence of leésohs £hat coﬁld be
used to téach-seQéral diffe#ént'content stahdaraé and |
beﬁchmarksf Maﬁhéméfics éhétéﬁ probleﬁ‘SOlVingPand éenters
and gamesahappénOn a>dai;y Qasis. The‘boxés horizontally‘
,describe learﬁihéyobpoﬁtunities‘occurring Qn;a-day in’thei
claéerom;‘ The boxes directiy,bélow deséribe the‘next days

opportunities.
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Chapter 4

. Assessment and Management

Senate Bill;62{deiie:for thevdevelopment:of,a syetem“'~
“ aesigned_te-“make‘aSSesSﬁeht”an iﬁteQ£él pert of fhe
instructienai;ﬁroeeéségéndk“te'fecilitate the development
ﬁ;bf eaeh;énd.everyepﬁpil te:beeome‘a selffmotivated, |
eompetent, life—;engnleernér;é”

1Ae‘a resuiﬁ of Seﬁafe:BilleGé,‘Califofnie’S"'
-educafienal eohmunipy:setieut'to de&elep performehee—based
'assessment in several eurricular areas betﬁeehvl992—l994}

The tests‘that‘werevdeveloped Were time intensive‘to
administer and seore. These;teets came‘under heavy
criticism and‘were,net‘funded aéain ine1§95. The state
- went to‘using fhe Stendardized Testing and Reporting
program;'STAR;‘Distriete»went back to usiﬁé standardized
tests like the SAT9;> This kind of test was familiar to
parents-aﬁdscered,once;agaiﬁ by machines.

- The heavyefOCus en_assessment in the form of
'standardized teeting has increased its presence in
California’s claesrooms. The‘number of elass hours
studente spendetestinghas increased. The days per year

spent testing increased from 3-4 to 12—16"days‘per year.
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Additionally té prépafe stud¢nts for.these tests, teachers
are;spéhding more tiﬁé with téSt‘piéparAtion activities.
What.is cbnéerning»abéﬁt the amount of time‘testing is that
these tests areﬂused fbr cbmparative purposes-not
neceésarily to inform‘inétruction;>bThe National Research
Council (1989) indicates the hégative‘impact-this.process
has: v' |

» Tesfs beCome eﬁas in themsélves,,nptvmeans ﬁovassess\

educétidnal_objectives., Knowing this, ﬁeachers
5f£eh'teaéh>£d phevﬁést,ﬁnot to the éurriculum~or_tov'w
v £he4¢hiid£én.  | -
> Tésgé streséjiowef:e’féther_thaﬁ~higher order
~thinking $killsll‘ |

festsvuséd in'tHéabo#e;ﬁentioned STAR éfbgram hgvé
"tremendOué poWér ovef,curricﬁlum‘céntént;choicés,made by
teacheré; ‘The sC@re$ aré7bécbming'iﬁéreééingiy more -
importaﬁt asvthéyvare‘usea fdr eValﬁafive purposes‘Qf,ﬁot
'onlY:thé.child;-bﬁﬁ'éf;pfograﬁsf schools, and distriCﬁé.:'
‘TékﬁbOOKS’afé beinggwriﬁten'to‘aligguwifh fhevﬁestsv—'whén.
vtheéé:tests’do ﬁgt]éVen:éligﬁ well»with'stéte»standards and
beﬁchmafké; ‘Staﬁé;staﬁdards-ahd bénchmérks»do‘not élways

agree with what researchers have found iéTappropriate for
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.‘différénﬁxdgvelébméﬁtéiLlé&glsﬁand ar¢;ﬁoﬁ;fiﬁisomQLCésés
cOmpatibleuwith néw;ﬁéééa;;ﬁ On1h§w thé'ﬁiﬁqﬁﬁéiké; 7  4* 7
?egérdleséiéf'tﬂi%,#ééeafch(>p§ii¢yjmakeféidéﬁtﬁpuefto réi§; 
Qvo# theSe’é?andar&iﬁé&ltéétSjés é barémetéfé§ﬁ%$tﬁdén£“ “J

success.

Constance Kamii (1989) was concerned with whether or
not students ;ngfoix};aﬁ»' intradltlonal mathematics pmﬁ’g?am's' |
‘didfbeﬁtéfvéfvQéfsé;fhah»éhildfen iniéoﬁStrUgﬁi&iét '°> g
nathematics programs. She found that on the standardized.
| tests, the traditionally taught students did a little
vbé££er“79uyéer¢eﬁtile.ﬁgésusl85u3¢f Wh¢nUif;égméft§ 
deﬁOnsﬁfatinéféohéé§£ﬁ51 unaéréﬁaﬁain§ §f Pi%;é Vaiue‘Wi£h5f
numbers and in addition and subtraction, non-traditional |
prqblem”éélfiﬁg{‘aﬁd m¢5;a1'math aétiviﬁies‘the_gtudé;g% iﬁ‘{j 
‘théAééhStruCtiViSf Qiaéé?ééﬁsufarvauf:Pérférmed:thé ‘f ”}
Stqaéﬁﬁs ih‘thé‘tféaitional éiassiobmSQi Sheéttributgg}:;  ,
thiéito.thé:aiffe£eﬁ£‘leVélS£bf ieé£ning“and:ﬁﬁinkipg‘£héﬁ;£5y
lééCﬁﬁredvin'ﬁhé'different Ci§$étééﬁtiﬁgs. Staﬁdardiiéd’ﬁ [
v.aéhievementtéstSiéfé,éoﬁétrg§#§a>tértesf;ééﬁcébts_of,math ‘ $ 
in é-fréﬁewo%k,tﬁagxaé%iQGSfﬁégﬁ as.“abéét of'symb¢lsv39d-f
rUleS éf éiéérithQS?fgaiﬁfé;ﬁéiize:4éé§aﬁsé'£iadition311 '

either do not know or do not accept the difference between
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éociéifgr?ééhGéﬁfibnalignéhiédgé‘andElogico?mathematidél  
:1knowlédgé;1£hé§:fédﬁééﬁh;Eﬁéﬁatics*t6 g§ﬁVentional symbols o
aﬁd;iﬁlesf KKaﬁi;,1199iﬁ{p¢§5Q; Théiépnéér55’6§é£ the;. i L
'éffécﬁé{éﬁaﬁdaraizedteétin§ havé on ¢ontéﬁtﬁaﬁd éﬁrficulum’
eiigted iO Years ago é$ ét£ongly_éS.théyjdo tqday; | |
‘anstanéé Kaﬁii]j199i)Vre§orted thét the‘ﬁsé of
acﬁievémént‘teStS in the'primafy claéS£Oom perbetuated
lowergievel thinking skiiis;v‘Shé fduﬁd that“stgdénts in 
bo£h'thétraditional‘ma£h prngém;aﬁd,thé stﬁdents invthe
'_YCOnstruCtivist,ciassrooﬁs shé’comb&redfécbred éiﬁilai}ylbn
échieQémenttest$ﬂ HQwe§ef; étudents,ih the tfadi£ignal}
program éoﬁld not_éxpiain‘their-thiﬁkingband"did no£‘know
why anSWe:é’wefevco#rect'oniy thatﬂthéy.we;e;'iStﬁdents'in
a~con5t£u¢tivist prpgram wéreﬁbré:ablétto,brihg broblem
sleing skills and éxplénatiohs£o the probléms requiring’
the‘integrétign of'mathématicsvskills.> Th9:National
Eesearch;chﬁcil(1989) warh; that achiévement “testsb
vbQCOmé éhds in théméelves}‘ho£ ﬁeéhsffo aséeés éducational
‘tbbjgctives.leﬁowing this}3f§achefs‘éfﬁéh tééch'to the .
Utééts} not'té_tﬁé'cufriéuium;of tokthe>§hildren.”iIn |
addition,§TéSts Stre$$ lower; raﬁﬂe#vtﬂaﬁ‘highei—ordér‘L 

thinking skills” (p. 69).
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Thg_reﬁaindeffcfufhiS cha§tér wili addréssﬁéngéihg"‘
asséssment‘andmanaééﬁent £eéhniquesvthét Can be-ﬁsed,iﬁ ‘
thé élassrébm tq §$s§ss‘s£udent progress and inform  ,.
instrﬁctién. TheEstﬁdehttfgédbédk‘syStemsfﬁhét1aré
desc;ibed’ére desigﬁéd>to give>the,teéchérfimﬁediate:':
feedbéck‘asnto_upderﬁtandihg; jThis.immediatevfeédback'
élloﬁs téachéfé to make chahgéS ih the éouf$e 6f a lesson _‘
in prOgreés:tQJ?ésédﬁd~to the underStanding or
bmiSunderstandTdeﬁonsfrated,by‘theétudehts;
vThemanagemgﬂt ofidi$course'and,thé cbnétapt-
 aSsesSmént;of ﬁndefsténdind are critiCa;té'ﬁhe-fiowof"the-

’lesson."Withéut~this informatibniit'is‘diffigﬁit to.change”'
‘,a.lessoﬁ‘éf pléﬁtleééons to‘be‘respbnsivé»to the needs‘Of,
the'students; ﬁsihg several différéﬁt managemeht techﬁiquesiv
can facilitate aéSéSsing students at work through inféfﬁélr
observations; Hand and‘finger éignais;‘whéle éroﬁ?
reéponées ahd'other £esponse techniqﬁeé_increésés the_ v~l 
involﬁementL partiéipatioh aﬁd timevdﬁ task1f§fstudents}v
Thésé teéhniqueé éo-héndvin hand Wiﬁhquestiohihg
‘teéhniques, | | .

| StudentaCédﬁﬁ£§bilify»and,pafticipation‘durihg the
‘ COurée of‘éleSéoh»ié‘tﬁé‘ébaiﬂéf.t£é manageﬁeh£J£e¢hniques
téught tﬁ#oﬁ§h thé?Mé£h Méttersé prbgram;"ThevMatheﬁatics

58



>Ch5t§ §f this ﬁroﬁééfé;e_dééigned to take‘piéceiin a ‘ﬁ
'f;c1§ssro§ﬁrwhéreuéﬁ§oiﬁg asséssméﬁﬁband'Stuaent:;
participayiOn a:e e$één£ial;el§méhts ofthe £eachingf ,
blearningfbrdéeés;z :  | |

This'érQCeé$ i$ charaéterizeduby‘éonStant_informatibﬁ
'c§llec£i§n by_th§ £éé¢her'th£oﬁ§h,verbalxand nbnrv§rbal
ébmmuhiqation,and'méﬁééémégﬁfeéhniques; fwgikéy'aféaéina
‘Méth.Méttérsﬁraining ié'éo££ént'ahd*ménagément:étrategies;
Cngring all_thé §bjéc£ivesvdeliﬁéatedvin the California
‘Sfénaérds aqd»Bénéhmarksvféquires ﬁime,on,ﬁéSk_and
.éffective techniqUes»to facilitaté fhévleafning process.
" These areiﬁhéfSCus:of‘ﬁhe'Managéméﬁf;blnstruCtion, Focus,
ﬁnd’Eeedbéck,KMIFF)vTechhiqués; The MIFF‘TeChﬂiQués focus‘
- on successful manégémenﬁ of7coﬁtent, iﬁVolve éll studénts
andJVisitors,'erp é fodué;bﬁ‘ﬁhe cuéricﬁlum*énd learning
;béhavi¢rs, and pro?iae‘a féédback loop So,the teécher’¢an
'médify;andASPOt téach as‘neééssary; b
‘The Miff Teéhﬁiques_éfeffléxiblé and_éanlbe‘used" -

acf¢ss‘tﬁe@¢urriculum.‘.Theré afé ten-fechﬁiqueéz Mbdééjof‘
’ Response;‘Spécifiq‘QﬁeStions,'Hand‘and_Fingéi;Signals;
Positive Reinféfcemént (Answers—Behévior), Spaée; =
.Delibe#até Mistakes,‘circulation (Rapid—with'hints)y

Tnvolvement of Visitors, Do You Hear An Echo, and Wait
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Time.

Modes of response help students know exactly how you
want them to respond to a question. Specific Questions
help students focus their thinking to gain insight or lead
students to specific knowledge. Hand and Finger Signals
give all students a way of responding to the questions.
Positive Reinforcement to both behavior and to responses to
the content help students learn that there are involvement
expectations and that they will be consistently reinforced.
Statements like the ones below tell students exactly what
kind of response is expected.

Taking a look at classroom discourse during a
Mathematics Chat illustrates how four of the MIFF
strategies can be used simultaneously. Before showing a
meaningful flash card with 5 dots the teacher might guide
the discourse in this manner. “Show me on your fingers how
many dots are on the card. Make sure you are showing me
your answer in your super-student space.” (Trace an s on
your chest like Superman’s reminds students where you want
to see the answer.) A specific mode of response and a
specific question to respond to has been given. Then wait
and watch and give positive reinforcement to the

appropriate behavior. ™“I see that John, Paul and Tiesha
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haVe‘ideas;vI can_sée tﬁeir:fhinkinélh ﬁéﬁ’s;sée Wﬁat thé‘”
: resf‘df yéu‘afe thinking.@ L“jéféﬁé;riéushowiﬁg me fi&é. '
fingérs?ﬁl Wriﬁe the responSe'déwn;aﬁd‘thank,him>for his‘v
. thinking.‘:“I also sée four-ﬁingers'and six-fingers;” Wfite-
thdsé doWn'tod; validating that thinking‘héppehed eyén 1}
though'ifbwas efrahéous; “Check it again and sée:WhO»you7'
_égree witﬁ;  Thumbs upsif yoﬁ think the‘answerkis 4,‘5, 6£'
6,”‘ “Jerdme_caﬁ you‘teil‘us de YOu knew it wasvfiveéﬁ
‘:At this‘point-Jerome haéthévflbOr.and éxplains his
 thiﬁkin§‘pchesS;: The teachér ﬁodels active listening and
might a§k if,any other studenté thnghfxofkitthe séme‘ﬁay -
Jerdme di@F”\S/he may aiéo-ask fo;_anbther Studént‘to téll,ik
‘ in‘Hisbilherbwg Wérds how‘Jefomé figufed out fhe’problem;
In this way tﬁe teaché£ reihforcés that each student’s
idéas:ére;impdftént éhd a£é'to:bé listed.to>acti§ely.  Thé:‘
childréﬁ-ﬁegin £b léérﬁ that if is'their job to listén-and',
thinkvabéut thé ide§$ §fvtheir‘feil§w cléssmaﬁes.‘ The
'teachefvhésvto be}Caréfﬁl ﬁdt'to;répéét'What the_éhildfsays,
as éhildrén,wi1l leé£n to Qait for him‘or“her,té explainﬁit,.
insteadiéf'iisténing the first\timé.}'The aboﬁe deséribes
an‘implemenﬁati§n of the Do you hear‘an echo? MIFF

technique. Alsovdémbnstrated above is the use of wait
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time. Waiting to collect answers is important in giving
all children a chance to accomplish the thinking task.

Deliberate mistakes, Circulation, Involvement of
visitors, and Space are four more MIFF Techniques.
Deliberate mistakes set a positive environment for risk
taking and help children see that it is not “bad” to make
an error. Circulation through the classroom watching
students work and dropping in hints helps guide students
through the activity and is wvaluable in collecting
information on how students are performing through the
course of the lesson. Involving visitors helps to reduce
interruptions. Using classroom space helps to reinforce
positive behavior and involvement. Moving through the
classroom and reducing the proximity to all students helps
to reinforce and establish participation and behavioral
expectations.

A snapshot into the class helps illustrate the
techniques described above. A student enters the room
while the class and teacher are involved with a patterning
activity at the overhead. Students at their desks are
looking at different patterns and reproducing those
patterns at their seats. The visiting student has a note

and needs a response to take back to his teacher about an
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upéomianévent b0£h“éléSSe$varé‘in#olved;in”latér'in'the

- day;‘Thetéacher aéks thé’vésito; to”make a pattern on thef
-¢verhééd to_¢haliénge the'class;wh;iéws/ﬁe responds to the
ﬁofe} bAé $hé'reSpond§ to'théfnbte'shé:cahmaléo circulate
'éﬁd re§pond’to:éfudent wOrk‘moviﬁg about fhé room to see
‘igha£15tudentsjare}oﬁ.faék‘éiﬁiﬁg.féedﬁaék.as ﬁecessary; FA
éfudént is off.£a§k¥and_thé‘teacherbmoves ip tQ élpse
proximity to the student‘éﬁcoﬁréging‘appropriété béhaViQr.

The note‘is‘thén‘finished,‘déliVered to the visitor who now

leaves, and class continues with minimal instructional time -

»lést5  The:téaéhéf.regponds'td thevtask‘beipg céﬁﬁieﬁéd énd
givés é néw éhalleﬁge:.a péttern with a mistake,”;Thié?'
pattérn’giveSVChildrén a"ﬁewvchallenge: make the péttefﬁ(
find the mistaké-anq_fix it.‘ Discourse coﬁtiﬁuesffstudents
notice»the mis;éke %ﬁa 6ffér'suggestions to fixkitl  Thé
>  téacher pbsiti§elyfréinforCes fheir clé%erness at seeing
.vthe‘mistéﬁévaﬁa'knoWihgﬁhow{fo‘fix.if.'f
'»7Ha§iﬁg éii stﬁdeﬁts infbived appropfiately all of the
, timé.is,£he goai;’ Using;efféctiﬁe‘ciaésréqm management and
’ diséoufsé étrategiéslfﬂa£ in¢réa$e the‘nﬁmbef of stﬁdents’
 £hat éaﬁ be‘invoived aﬁéwering.questiong_helps to reach‘
toward thisbgbél,lThe mahagement'of discourse“and*the

“COﬁStant:asséssmént'of.qnderstanding are_criti¢alttb the
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flow:of‘thevlesson.-'Withoﬁt thié informafion it is
/difficul£~to.chéng¢ é iessQﬁ or plan léésons tﬁ\be
résponsi§¢ to the héed$ of the students;

'Mény differént'aspécts ofvthe classroom have been
diScusSed in.the‘previbus chaptéré; Thesé idéas_have been
developiné ovér”timé With'ﬁéﬁy influenééé‘ftbmf§éfioﬁs
researchers and reéearchiﬂg'prgééitiaﬁéfé;iﬁ fhe fiéid of 
mathematics ahd in the:classfodﬁ;' Sbmé of;tﬁese‘
Linfluentiél peqple havévbeenjwideiy pﬁblishéd and'others
have been iocally}inspiratioﬁalto theytééche:S'ﬁilotingt
the materials and idéas in this thesis. A brief discussion
of the‘infiuences thaﬁ were‘prominent thfdughout.thef
proceSs of‘developing.thié projéct will.be;discusséd in the
‘next chaptéré | |

‘Direétiy‘foll§wiﬁgvthe neXt’chépter is a one-page
matrix that deécribéé»é seéﬁencé of lesSoné that could bé
used to téachléevetal*différeht édnténf standards and
'benchmarks.‘ MathematiCSChaﬁé, problem'solQiﬁg and centérs 
and games happen-bﬁ a daiiy basié.“'The»bQXés,horizontallyi
,describeviearniﬁg dpqutunities.qccurrihg.én.a‘déy in the
claésroom,' The ngés directly beiow desgfibe fhé.next,dayé i

opportunities.,'
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Chapter 5
Process Results and IﬁpiiCations

‘vThe ﬁéfheﬁéticé,chats.thatonllQW,thié'ohapter'had a‘
geneses soveral?Yéars ago as I bégén“thinkingoabputu‘v |
-'muifiple iﬁ£élligénoé'théorylblevelsvoquuostioning; and
Piaget’s WOrk'Wiﬁh’yOUng children and their thinking
process. As my teaohiogexperienoo increased,‘I léarned_
much about student learniog and my inadequacies as a
' téachor. ‘Student misondefstandings tought,me muoh more
~about what needod to change in my instruotion that What',o
students couid do. ‘

'It was when i transferred to first grade and began
; working with studonts at‘ﬁhe very beginning stages of
literaCy'developmeot in math and language that I was able
to really observe .the learning process as it unfolds.
First‘graders do much‘of'their thinking’oﬁt loud giving
‘multiplé opportunities to‘obserVe and‘question what is
going on in théir‘heads. |

At this same time I began working with Rebecca
Kallinger who io curréntly working as a Math Matters coaoh

in our distfict and is the on the California Math Council
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Counoil board. >We shared similar philosophies and engaged
in many long discussions on learning and teaching
techniques.

In July of 1997, Rebecca and I attended a leadership
conference in Bellingham, Washington, where we worked for a
week with Kathy Richardson. Kathy’s books and videos were
the catalyst for the development of the Mathematics Chats
in this project. Kathy’s number talks focused on student
discussions of number problems. We have expanded these
ideas to inclﬁde many different mathematics strands. We
came up with the name Mathematics Chats as the chats
include all strands of mathematics.

Mathematics Chats provide a venue for consistent and
ongoing reinforcement of mathematical concepts. When making
choices on how to implement mathematics curriculum,
especially in small numbers fluency development, the
teacher must make philosophical decisions. These decisions

may be influenced by answers to questions like these:

= Do I use a discovery approach or a teacher directed
approach?

= What does that look like in my classroom?
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Whatftaské7énd*er wHat*reasons{qm?i ééiéétiﬁgf7v*”

.4,s-tlid'ér{,tf tasks" E | S
Do 'éhé‘é.e tasksflt .,t:be;' n»'éj_edvs».lo.f | ﬁiy;:éhi:l}dfén ‘and aire.:;f_? “
 £hé§;iiea tb bégéhmérks;andasténdgrag;féf;myféréde 

,WhoVis évaiuating,the choices I make?

What matérialsfwill7I”ﬁ$éfto téaqh.math‘COHCepts?d: 

.What-do?I:wént,ij¢hild:én thknow‘and:understahd '

~after this experience? -

Whét'kind'of communicatipn'do‘I'expect;to indicéte

1 coﬁcept and skill_developmeht haswoécurred?f

.

‘H0w_wili I knoW theyvunderStaﬁd?_” 

Below‘areluséSIfor»Mathématics,ChatS; o

1

.  _Develop brél‘mathvlanguégégandﬂcommunicatibn

skillélf‘§iarify“thinkihg  ‘
vDevéldbtﬁéfh’iitefaégi_ Y

 DeVéi§p_number fluen¢y and flé%ibility"
QEncéurage th§ dé§élOpment of1ﬁfébiem]Solving
‘stratediés..: B |
_ Provide'ajVenue for,oh%going‘éuthéntic informal

assessment (This assessment is critical to drive

" instruction.) -
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6. Providebsystematié reinforcement and review
7. Teach students to value their own thinking and
that of their peers

8. Develop listening skills

Oral language development and activation of prior
knowledge and experiences is a critical part in the process
of teaching any curricular area. In recent years, the
relationship between the child’s oral language and.
experiences has led to the development of several theories
on teaching reading. Yet this component of learning and
understanding is not tapped‘in the mathematics classroom.
When very young children begin to learn numbers, they need
to make connections between arbitrary symbols and abstract
quantities connected to these eymbols. They must aiso
learn how to communicate that understanding using these
signs and symbols in Writing and speaking. The arbitrary
assignment of this squiggle, 1, is connected to the oral
“one” and 2 to “two” and so on. The child is developing an
understanding with * = 1 = “one” and ** = 2 = “two” and so
on. These symbols and quantities are ordered. Students
must also learn thet these squiggles reptesent different
quantities depending on where they appear in the number.

Place value becomes important. These different aspects of

68



'anmber:itémknéWiéége'dévelbp{thropgh éhiid?enfs multiplé.r‘ 
’lexpérieﬁceé‘ﬁith the nﬁmbérsnghis‘khéwlédQé ﬁustfbecéme:
wintuitive.ih tﬁgiéhiid foﬁ2thém té be ab;e £o:ﬁnder§£éﬁd 
'ouf.hﬁmber SYsﬁém;j ;‘  | 3

'As[a-léérnériih this-érea,‘whétVis p%pduéed oﬁ'théseﬁ
pagéé répresehté“a snapéhbtviﬂt§ my ﬁﬁdérstanding ndw.
 Thi$vundérétaﬁdiné‘isrconstantly_chaﬁgiﬁg'with new research
‘and study‘in learhing‘andvthé bfain}"I:will continue to
follow,ﬁhe wérk of'ConstaﬁcebKamii; Ruth'Earker,bJamesf
‘Héibert, Kathy Riéharden andftheirbcoiléééﬁes and»ﬁodify

bmy‘teadhing‘practices as'my theofies‘expand{ I will

continue to consult resourceS‘like‘Kathy‘Richardson’s‘

Devéloping Number'Cdncepts (1999),-Leigh‘Child’s (1999)‘

Nimble with Numbers, and ConStancé Kamii/é Young'children"

"ReinVéﬁt Arithmeti¢(1985) aéiljlearn moréfabbut how
iéhildrén learn and devélob«méanihgfﬁl méthémafiCs
"activitiés fbf my S£udentsﬂ”Evén'after implémenting some
:'of thé;wdrk;iﬁffhisﬁrqjéét[i’ve ma§e changes.
&> "Thé‘beéhv§aﬁé}:fo£ éxéﬁpie? where studenté count beans
is é’goédactivity‘for domparing,ibu£ i wbﬁft.use it at the
beginning of_the yéé;‘agaih without some work‘with
'"7COﬁpafing émaller numbers, Alsb, the spin a bingO'game is

too hard for many students at the beginning of first grade
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because thevnumbers.aré‘toé large.’Tﬁe conceptvof more and
less seemed to cohfuse some students. VI wil1 use it later
next‘year. I have modifiéd the game for use earlier,
becauéé students can work with comparing concepts with
smaller numbers. The‘modified game is for-ﬁsefat thé
beginning of the year with numbers up to 6 instead of 11.
As with the beans, nuﬁbers above 6 seemed to be too hard to
compare for many of my beginning first gradé students.
vThis game will be?modified using pips‘insteadvof digits at
first as students develop the ability to count and see
number quantities. Counting aﬁd recountiﬁg thébpips (dots)
on the dice and on the game béard helps students develop
the abilitylto subitize the‘quantitiesvfor numbers six and
less.

Games and activities like these canvbe found in the
Richardson and Childs books listed above. Both resources
are full of wonderful‘ideas and insights‘for teachers
interested in’learning more about concept development and

| teaching for understanding.
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This matrix shows a beginning unit for first grade.

Appendix A

Curriculum Matrix

The games and

centers can be modified and reused throughout the year as proficiency
Beginning number sense and addition and subtraction
concepts are the focus for the activities

with number grows.

Standard/Bench-

mark

Math Chats

Problem
Solving

1.1 counts, reads, and
writes whole numbers to
100 (This set deals with
numbers 10 and less.
(Beginning weeks of 1*
grade)

1.6 represents equivalent
forms of the same number
through the use of
physical models,
diagrams, and number
expressions, to 20, e.g.: 8:
4+4, 5+3, 2+2+2+42, 9-1
etc.) (During this menu
set, students are working
on combinations to 4)

3.1 shows the meaning of
addition (putting
together) and subtraction
(taking away, comparing,
finding the difference)
3.3 knows the addition
facts (sums to 10) and the
corresponding subtraction
facts and commits them to
memory

3.4 understands the
commutative property of
addition

3.5 uses manipulatives to
add and subtract to 20 and
writes the correct
equation

7.1 recognizes and
understands the
mathematical meaning of
the symbol +, -, &=

7.2 computes equations
with missing numbers
using manipulatives

(All these objectives are
worked on in their
primary stages using
the activities and
centers to the right)

Using meaningful flash cards
(see Teacher Resources for
sample) Show several cards to
see how students are counting
up the flash card shapes. Do
they see any small numbers
and count on?

Use unifix cubes to do story
problems totaling numbers
less than 10. Do students
understand the difference in
stories between addition and
subtraction?

Mental Math: Take the
number of eyes you have.
Add to that the number of
noses you have. Then add
the number of thumbs you
have.

Centers /
Games

Two-Problem Approach
1. 242=_
a.2 b.3 c4d

2. What are different ways 4
toys can be arranged on 2
shelves

Play Snap for
four. Then
record the
different ways to
snap for four on
the recording

Play Fishing for
Four and then
record on the
recording sheet.

Use meaningful flash cards
as a means to discuss how
students see numbers and
how they count. Teach
active listening

Problem of the Day/Week
Jeremy had two dogs that got
very dirty. They made muddy
footprints all over. He had to
clean them up. How many paws
did he have to wash?

Use bears or lions to do
problem solving with numbers
totaling less than 10. Mix
addition and subtraction.
Show students how to record

Head Problem: Take the
number of paws on a dog.
Take away one. Add the
number of noses a dog has.

Play Spilling
Four and record
on the recording
sheet.

: R . i 4
stories using mathematical What’s the number?
language and symbols.

Use meaningful flash cards as a Two Problem Approach

means to discuss how students see
numbers and how they count.
Teach active listening. Record
students problem solving on the
cards in number form: “Oh, you
saw 2 here and then 2 more (
2+2=4)” write on the chalkboard.

Using the 10 frame and plastic
chips, have students locate
numbers. Then have them
show you 1 more/less or 2
more/less than that number.
Do several and discuss how
they know it is one more/less
or two more/less.

(overhead or on board)
1.1+ =3 2. Joe had three

a.3 friends with bikes.

How many beans in
the Bag? Students
count, order and
record numbers of
beans in a bag.
Totals at first less
than 10.

How big is your
handful? Students take a
handful of a
manipulative count,
record totals. (Use large

b.2 How many wheels ssipalitive ot St to
e. 0 could they have control totals under 20)
d.5 altogether?
Play Spin a Bingo.
If a snake had 4 mice in the Students spin spinner
and place a chip on the

jar and some of them

escaped, what would be some

of the ways the mice could
be arranged inside and
outside of the jar? Draw and
Show vour thinking.

number. Numbers 12 and
less are used. This game
is modified later on as
students become more
proficient.




V, Appendlx B

Mathematlcs Chats

The follow1ng setlof Mathematlcs Chats 1s‘organlzed
:vw1th the Content Standards llsted 1n bold “The Benchmarks :
are llsted‘1n~blue. ‘The.Mathematlcs Chats are}a
sprlngboard and roughiy llsted in order of the Content
Standards and Benchmarks. However, the needs of the
»children.és identifiedvdurind Matthhat_processlln the
Classroom,'through:teacher.observation and assessmentaofl
_student behaviors;fshOuid be the driVing‘force behind*
'.currrculumbchoices{v‘Mathematics‘Chats shouldvbe-reSponSive
to the changing‘needs, nnderstandings,‘or,misunderstandings
of the'stUdents,h‘

The Chatsnare notiorganizedin the order they should
be'used.:;As discussed‘abo;efthey are intended_tO‘he
suggestlonsbthat can be modrfled and added to meet the
-needs ot thechildren.‘ The Mathematlcs Chats llsted below
| are‘repeatablehWith different and-lncreaslngly more
ddifficnlt numbers ‘

A crltlcal aspect of the Mathematlcs Chat 1s the
managenent and use ofaquestlonlng, The goal is that all

Students are invOlved}, During the course of'the‘Math Chat
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students are constantly being assessed as to their
understanding. Whole group responses are used as well as
individual sharing of thoughts and ideas. Everyone 1is
expected to respond to every question the best that they
are able. For a more complete description of management
techniques see Chapter 4 Assessment and Management.

It is important to note too that Math Chats are a
daily math literacy block. They are not designed to be the
math program but to provide a daily 10 or so minutes to
systematically introduce, reinforce and build mathematical
literacy.

Mathematics Chats follow for each benchmark.
Content Standards begin each section. However, for the
purpose of cross-referencing in this project and related
projects still under construction, the Content Standards
and Benchmarks appear numbered differently in this paper
than they appear in the original form. The Strands are
numbered 1-5. The Content Standards are numbered 1 - 12 and
the benchmarks are numbered n.x (1.1, 1.2, 1.3 2.1, 2.2
etc.) Under each benchmark are listed different examples of
Mathematics Chats that can be used to build math literacy
for the benchmark listed. The different examples are

cross-referenced to the benchmark and standard 1.1.1 and
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1.1.2. For example Content Standard 1, Benchmark 1 and
Math Chat 1 is listed as 1.1.1 the second Math Chat under

this benchmark would be listed 1.1.2.
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NUMBER SENSE

1. Student understands the relationship among numbers,
quantities and place value in whole numbers.

1.1 Counts, reads, and writes whole numbers to 100

Young children need several opportunities to count and
read numbers to 100. Below are several Math Chats to
provide opportunities for children to construct knowledge
of our counting system. The activities described in
benchmark 1.2 and 1.4 also help build math literacy in this
area.

1.1.1 Materials: pocket chart and index cards with 0-
99 written on it

Over several days have children help construct a 0-99
chart using a pocket chart. Distribute number cards
to students and have them take turns placing their
cards into the pocket chart. Discuss the order and
address errors. This kind of activity can be done and
redone differently. The 0-99 chart can be constructed
in order with guiding questions: Who has the first
number? Who has the number that would go here
(pointing to a space)? The chart can also be
constructed randomly. Have children come up in random
order and try to figure out where to place their
number based on the spaces on the chart. Help children
problem solve using patterns

1.1.2 Materials: passing object
Have children sit in a circle and count around the
circle. Children can pass an object designating the

person’s turn. Each child can count two numbers as
they pass the object from left hand to right hand one
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number for each hand as they are passing it around the
circle

After several counting experiences, give students
several more counting experiences (all year) asking
questions like these fosters predicting/patterning and
reasoning skills:

» Who will say the number 10 (or any number you
choose) ?

» What pattern do you notice as we count around the
circle?

» After we count ten more numbers, which number will
we be on?

» Can we count backward from N (any number
designated) ?

» Does anyone think it might be a different number
than Jane suggested?

» Then ask questions such as: Do you agree/disagree..?
Get students to form opinions and respond to answers
with finger signals?

» etc.

counts by twos, fives, and tens to 100

Students can practice this skill by counting in
several different situations. Below is a list of math
chat ideas to help develop counting skills.

1.2.1 Materials: links

As part of your calendar wall, hang a chain of links
or a bar of blocks for each day. Group the links or
blocks into a pattern of two blues and two yellows for
example. As the year goes, count the chain by 2’'s,

5’s and 10’s. We used links and hung one red on each
5" 1ink to designate 5’s and two red links on each 10"
one to designate the 10’s. (An example is on the next

page.)
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R < T <::iTZ:::: CZZZZEiii
1.2.2 Materials: None

As students go to line up, you can count to XX by 2’s,
5"s, or 10’s. Challenge them to see if all of the
students can be in line (on the carpet, to their
seats, have their book(s) out, etc.) before the
class gets to NN.

1.2.3 Materials: a 3X5 card with a 2,5, or 10 written
on it

As you are sitting in a circle, pass a card with a 2,
5, or 10 card. The student with the card identifies
the next number in the counting pattern

.3 reads and writes number words to ten

1.3.1 Materials: These math chats use number cards,
dot cards and number word cards from 0 - 10.

Using their fingers as manipulatives have students
show “x”. Say, “Show me this many.” Hold up a card
with either the digit, dots/shapes of a quantity, or
the number word on it. Students have to hold up that
many fingers. For this objective, concentrate on the
number words on the cards to help students have
experiences with number words. You can make it harder
as students gain success by asking different questions
like: Can you show me one more than this “number word”
(Give students a chance to read the number word. If
they have trouble, ask a student if they know what the
word is. Ask how could we find out or figure it out?)

1.3.2 Materials: These math chats use number cards,
dot cards and number word cards from O - 10.

Give students number cards from 0-10 (or number word
cards) Ask them to show you the card that goes with
“this card” (Hold up an index card with a number word,
number, or quantity of dots.)
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1.4

Modify this activity for different number talks by
using the different cards such as show the number word
and ask for the number or dot

compares and orders numbers to 100 using the symbols
for less than, equal to or greater than (<,>,=)

1.4.1 Materials: Base ten materials, digit cards 0-9,

cards ::> <:: L

Greater Than Less Than Equals

Have students build two different numbers with their
base ten models. Have them compare the numbers and
describe that relationship with one of the above
cards. Have students consider their neighbor’s ideas
and see i1if they agree. “Do you agree with the people
next to you? Why or why not? Monitor student
behavior and do this over several days, as students
need. Form small groups to work on the concept as you
see they need it. In the beginning of the year start
with smaller numbers and increase as students build
facility with numbers.

1.4.2 Materials: 0-20, 0-50, 0-75, or 0-100 chart,
small counters/disks or buttons to mark places.

A. Using chart (as indicated above frames for which
can be found) appropriate to the needs of the
students, have students place a marker on a particular
number. Have students place a counter on a number
less/smaller than that number. Ask for possible
answers. Then pose question: “Are all these answers
right? Which are not? Why?” Discuss their answers.
Pose the same question but ask students to find a
larger/greater number.

B. The above problem can be posed another way.

Write it on the chalkboard: 35 < [:j Then ask this
question: What could go in the box?

Discuss plausibility of the answers (collect more than
1 answer.) '
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Ci You can also pose this question on another day
later in the year once students have more facility
with the 100’s chart 46 > [] How many possible
answers could go in the box? Do several with < and >

and explore the math question above. Pose this one:
92 = [:j How many possible answers are there now?
Why?

uses ordinal numbers to the tenth

1.5.1 Materials: none

As students line up, use this language and encourage
them to use ordinals too.

1.5.2 Materials: bears, lions, Unifix cubes, or
other small manipulatives, flash cards with ordinal
words or ordinal numbers

A. Have students build trains, line up bears or
lions, or put blocks of one color in a row. Have them
change the 1st, 2nd, 3rd, or __th one to blue for
example. “ Make a train of 10 red blocks. Now change
the 3@ one to a blue. Change the first one to a blue
or green for example”

B. Using cards with the ordinal numbers or ordinal
words written on them can create another Mach Chat for
this objective. Hold up a card with the ordinal word
on it. “Change this one (meaning one indicated on
flash card) to a different color. Monitor and assess
learning.

represents equivalent forms of the same number through
the use of physical models, diagrams, and number
expressions, to 20, e.g.: 8: 4+4, 5+3, 2+2+2+2, 9-1
etc.)

1.6.1 Materials: Meaningful flash cards(See the
samples in materials section - note that these
are only a small sample of the various flash
cards that could be used. Create and modify
flash cards according to the needs of the
children.)
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Hold up a meaningful flash card and ask students what
they see. Ask questions such as: How can we describe
this picture?

For example:

PN

A A

Students could say that they saw 8. Ask the students
to describe how they counted 8. You may find that
students counted differently. They may have seen 2
green and 2 orange and 2 blue and 2 purple, or they
may have seen 4 circles and 4 triangle or any other
number of ways. Elicit from them number sentences
that could describe this picture. (2+42+2+2 = 8) Is
there another way? (4+4=8), (3+3+2=8)
(1+1+1+1+1+1+1+1=8) (Children often do not understand
that in counting it up they are actually adding.) You
could do this orally and progress to having students
write it on their lapboards or in journals. Do these
often over time with a variety of meaningful flash
cards to develop students subitizing ability. (see the
Teacher Resources appendix to see a sampling of
different meaningful flash cards.) Start with smaller
numbers and advance to larger numbers

1.6.2 Materials: chalk boards or journals,

2. Student understands the concept of place value in the
number system.

2.1 demonstrates an understanding of the place value of
ones, tens, and one-hundred

Activities like those described in 2.2 encourage
students to deal with ones, tens and one hundred

2.2 counts and groups objects into tens and ones (e.g., 3
groups of tens and 4 more is 34 or 30+4)
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This objective is practiced well in centers where
students need to count, count, and count some more.
While they are working ask questions to guide
thinking. How much do you have? How do you know? How
did you organize your counting? Why did you do it
that way? Did it help? Could it be done a different .
way? Do you agree with your partner? These questions
~can be asked during a Math Chat. '

2.2.1 Materials: small cups of beans,‘bﬁttons or
other small objects. o

Give students small cups of objects and a counting mat
~or yarn circle to use to define their workspace Ask
children to predlct the number of objects in their
cup. “How could you find out?” Have 'students count-
their objects. Observe students counting. Are they
developing effective strategies for counting and
 keeping track? 1Is 1-1 relationship important to them?
Do they monitor their counting? 'After students have
finished counting, discuss. Have 'students check their
neighbor’s counting. ~Start with small numbers at the
beginning of the year move to larger and larger
numbers as the year progresses »

| 2.2.2 Materials: linking cubes

Over several days we work.on number concepts. I ask -
students at the beginning of the year to build
different numbers and watch how they count. Do they
have a strategy? Do they use tens and ones to help
them count° When I ask them to build a particular
number (smallinumbers at the beginning of the year and
the numbers grow as the year progresses) I also ask if
they have a strategy for flgurlng out quick how much
they have. It takes time, at first, for children to
'see the need to go. back and check qulckly how much
{they ‘have as they are: countlng up to the target
number.. They have to experience counting and loosing
track and hav1ng to recount several times before they
see the need to have a strategy. Talk about this.
“Does anyone have a way to_remember'quickly how many
blocks they put together to build 24?7  Was your
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2.2.3 Materials: base ten models, noodle sticks,
number cards 0-9, or linking cubes can be used in
these talks - My students each have a bag of noodle
sticks and extras as a part of our math tools. They
made their own. This activity in itself helped to
build and reinforce tens and ones Students need many
opportunities to build numbers using different models.
Give them several opportunities to build different
numbers using the different models above. Putting the
numbers into context will give them meaning for
students.

A. Using cubes that snap together engages
students in problem solving situations where
the numbers have meaning. For example:

b (f1i1ll with proper noun from the class
or literature piece being used at the time)
has NN (nn = any 2-digit number)

(fill with appropriate noun) Can you build
that number? What would be a fast way to
count that number again if you lost track of
your counting? How could you organize your
counting? How many 10’s do you have? How
many 1’s?

B. Using noodle sticks (ten glued to each stick
and some single noodles) have students build
different 2-digit numbers then show you a
number 1 more/less, 2 more or 2 less, 10
more, 10 less etc. Watch how they manage the
process of completing the task.

3. Student understands and describes addition and
subtraction and uses these operations to solve problems.

3.1 shows the meaning of addition (putting together) and
subtraction (taking away, comparing, finding the
difference)

These three forms of subtraction are not equal in

difficulty for the child. Taking away is easier than
comparing and finding the difference.
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3.1.1 Materials: counting manipulatives (beans,
blocks, buttons, bears, lions - what ever you have
available as the items will represent numbers in the
problems.

Over several months children, to help develop their
problem solving skills, can explore these kinds of

problems. Here are some examples of some problems

with subtraction as taking away:

A. 5 children were left on the bus. 3 children
got off at the next stop. How many children
were left on the bus?

B. Jake had 8 gummy bears. He gave 3 to his
friend. How many were left?

C. 6 cows were in the pen. The farmer took 4 of
them to milk. How many cows were left?

D. As students become proficient, you can raise
the difficulty of these problems simply by
asking students to write down their answers
on lap boards or in journals: Show the number
sentence that tells what happened in the
problem.

As number sense grows the numbers in the
problem grows. The important thing is to get
students used to hearing and discussing the
problems and working through them with
manipulatives in a supported atmosphere. You
may even challenge brighter students to make
up problems for the class to solve. The
development of this oral language must
proceed asking students to do such problems
in writing.

3.1.2 Materials manipulatives to count as in 3.1.1
Comparing numbers is more difficult than taking away
and requires students to have begun developing

conservation of small numbers.

uses the inverse relationship between addition and
subtraction to solve problems
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3 2 1 Materlals' playlng cards

’~After students have had a chance to play Flshlng for
4’s (or 5's, etc. on up to 10), ask them to tell you

f;the different. comblnatlons for the number belng

' studied. - Put the cards representlng those number
comblnatlons on: the chalkboard. Ask children to show
you (Qn.lapbqards, or. journals) or tell you what they
think the number sentences would be for those numbers.

‘In the beginning if students have not had much

‘experience recording in number sentences, you will

" have to guide. them. . Record‘the combinations in

'”;.addltlon number sentences. . Then show students the

"1nverse relatlonshlp between additions and

- subtraction. - Let’s say you are working with 4’s ,
(beglnnlng of ‘the year) and students have discovered
the comblnatlons are 2.&,2 3 & 1, and 4 by itself (4
& 0) 4-0=4, 3+1=4, 2+2=4. Show the corresponding
‘subtraction facts using the cards. “If we know that 1
“and 3 make four, then we can also think about what

' would happen to this total of four if we took a card =

away.” Take a card away and. show students how this

~ would be recorded with a subtraction sentence. (Make

sure tO‘use mathematical”language with students by
using minus and subtraction not only take away as
children will hear those dlfferent descrlptlons for
the process )y B '

After you have develcped this understanding of the
inverse relatlonshlps, then present children with
several problems over several days as the ones below:

.,Ti. Joe and Sam put 4 cards in a plle. Joe put_l card
~in. How many dld Sam put in? o

_2."Bonnie and Cathy'had 4_flowers'on their-dressery
~ and two were red and some were white. How many
are white? This kind of question gets at the.
‘inverse relationship between addltlon and
subtractlon.

‘In'cne'case,we‘can think of thevprOblem‘as
2+ =4, It can also be conceived as 4-2=_



knows the addition facts (sums to 10) and the
corresponding subtraction facts and commits them to
memory

3.3.1 Materials: playing cards

Developing this knowledge takes multiple opportunities
over time. Use of the games “Fishing For X”, “Spill
the Beans”, “Piggy Bank”, “Concentration”, “Building
Equations”, and “Snap” give student multiple
opportunities to encounter combinations to 10 (sums to
10)

When children have had opportunities to work with the
combinations to a certain number (say 4 or 5 in the
beginning of the year) put up several number sentences
on the board using those combinations. Try doing both
an addition and a related subtraction problem.

Do the addition problem first and then ask: What do we
know about 4 if we take one away from it? Does
knowing 3+1 help us with 4-1? How does it help us?
Repeating this process over time helps children with
the inverse relationship understanding listed in 3.2

understands the commutative property of addition
3.4.1 Materials: chalkboard

After playing the game fishing for 4 (and after each
fishing game up to 10), ask students to write down the
combinations to 4, for example. (The activity can be
repeated each time fishing for __ has been played for
the different combinations for that number.) Ask them
also to tell you what the number sentences would be
for the combinations. Show both using the commutative
property.

Yo

\ Q
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This combination can be described as 1+3=4 or 3+1=4.

uses manipulatives to add and subtract to 20 and
writes the correct equation

3.5.1 Materials: any manipulative

Students need multiple opportunities to deal with
numbers in problem solving situations. Over the year
plan to do a number talk with numbers in problem
solving situations at least once a week. Use
students’ names and characters from literature as the
subjects of the problems. For example: You’re reading
Corduroy as a read aloud, and in math your Math Chats
use buttons and Corduroy finds X buttons and one of
the other stuffed animals on the shelf finds x
buttons. How many do they have altogether. Perhaps

you’ve just read Sione’s Talo Root. Sione collected x
talo roots Monday and X talo roots on Tuesday. Today
is Wednesday and he digs up x more. How many talo

roots does he have altogether? Another possibility is
Sione collects 3 talo roots each day for a week. How
many talo roots does he have at the end of the week.

identifies one more than, one less than, ten more
than, ten less than a given number to 100

3.6.1 Materials: 1-20 grid, 1-50 grid 0-99 grid or
the 1-100 grid, buttons or small counters

Repeat this activity over time beginning with the
smaller grids and increasing as students’ abilities
grow.

Give students a few small counters and a grid. Have
students locate a number. Then ask children to find
the number 1 less than or 1 more than the target
number. Do several of these. Try 2 more than and or
2 less than. Change the task and give students a
target number using “Find the number that is 1 more
than 15.” “Find a number that is less than that
number.” Record the possible answers.

86



3.6.2 Same Materials

After students have had some experience with dimes and
pennies give them tasks like: “Cover the number that
tells what three dimes and two pennies is worth.”
“What would be 10 less than that number” “Put a chip
on the number that would be a dime (10) more than that
number.” Discuss each “Do you agree or disagree with
what your neighbor got?” (Give a mode of response such
as thumbs up or thumbs down for students to indicate
their thinking.)

3.7 solves addition and subtraction problems with one and
two digit numbers without regrouping

3.7.1 Materials: linking cubes or unifix cubes in 10’s
(ten blocks linked together) and 1’s (single blocks)

Show students a 1 or 2 digit subtraction problem on
the board. Ask students to estimate what the answer
will be. Asking Why do you think so can produce some
interesting explanations of thinking (or lack there
of). Then have students prove their answers with the
cubes. Discuss strategies and the answers they came
up with. Do several of these over time with different
numbers. Smaller numbers at the beginning of the year
and larger ones as the year progresses.

3.8 finds sums with 3 or more one digit addends using
associative property

3.8.1 Materials: Chalkboard and manipulatives if
children need them (you will know if you ask them to
give you their guess without building it and see how
many and how varied their responses are for the
answer.) If there is a lot of variability, better
have them build it and then prove their answers.

Give several opportunities to practice adding more
than two numbers over the year. Begin with smaller
numbers and move to larger ones. 1l+1+1= on up to
94+49+9= and all the variables in between.

4. Student uses estimation strategies in computation and
problem solving
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estimates number of objects up to 50, (estimation jar
for example)

4.1.1 Materials: two jars and manipulatives that fit
into the jar.

On a weekly basis, have an estimating jar as part of
the math center. Students submit estimates and then
count together as a class on Friday. During the
organized and shared counting experience, students can
vote on ways to organize counting so as to not loose
count. You can play with this a bit the first couple
of times and “loose track of the number being counted”
by not having a strategy to count. This will help
students see the need for having some strategy for
keeping tract of the count. Students may not realize
that it does matter to count each object only once.
The one to one correspondence of counting one number
and touching one object needs to be firmly established
for students to be able to count effectively and
efficiently.

In one of the jars, I put 1 at the beginning of the
year and a mystery number in the other. This is to

encourage the use of benchmarks when counting. I also
start with numbers less than 20. Numbers grow to 50
as year progresses. Later in the year, I put ten in

the benchmark jar so students can make educated
guesses.

makes reasonable estimates when comparing the sum of
two, two-digit numbers when that sum is less than 50

4.2.1 Materials: Chalkboard, base-ten models

Show students a two-digit addition problem. Ask
students to give you a good guess as to the answer.
Write down their guesses then have students build the
numbers (for example 22+18= ) to check their
estimates. Validate the estimates that are reasonable
estimates. Often students will be reluctant to
estimate as they feel their estimates are not good
unless they are right on. They will even lie or change
their estimates to match the right answers. They have
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5.

to be encouraged to take the risk of estimating in a
safe and nurturing environment.

Student understands the relationship between a part

and whole.

-

6.

1

1

recognizes, understands, and uses fractional parts of
a whole and a half

5.1.1 Materials: Cookies, MM’s or licorice

Tell children that they may have the treat if they can
find a way to share it equally with a friend. Have
children discus with a friend their plan as to how to
divide it equally or divide it in “half”. It is
interesting to discuss they ways in which they plan to
share the treat. Repeat the activity with different
objects.

Later, you can have them draw shapes on their
chalkboard and cut them in half. Show students the
fractional expression used in math to describe this
part of the whole. Also check on their understanding
of shape names and their ability to reproduce those
shapes from the name. Can students draw a whole and
label it 1? Can they divide a shape in half and label
each part as ?¥s?

ALGEBRA AND FUNCTIONS
Student uses patterns to solve problems.
identifies missing objects in a simple pattern
6.1.1 Materials: small manipulatives conducive to
patterning (colored tiles, blocks, cubes, buttons

etc.)

Draw a pattern on the board, or build one in front of
the students with some parts missing. Ask students if

89



they can reproduce this pattern and fill in the
missing information. Do several different kinds and
complexities of patters. Start easy and increase the
complexity over time.

identifies, explains, reproduces and extends, and
builds a pattern using up to three different
components

6.2.1 Materials: small manipulatives conducive to
patterning (colored tiles, blocks, cubes, buttons
etc.)

This objective can be taught using activities as those
described in 6.1.1. However, take the activity
further. Show the students that the pattern below,
for example, can be explained as a 1,1,2,2,1,1,2,2
pattern or a A,A,B,B,A,A,B,B pattern

Do several and have students identify, explain, build,
reproduce and extend the pattern. Begin with simple
patters (1,2,1,2,) and extend to more difficult
patterns over time (1,2,3,3,2,1,1,2,3,3,2,1 etc.)

Student uses number sentences to solve problems.

recognizes and understands the mathematical meaning of
the symbol +, -, & =

As you work on the many Math Chats described in this
project, when an equations is involved, discuss with
students what the different parts of the equations
tell us to do with the numbers.

computes equations with missing numbers using
manipulatives

When students play games like Fishing for __ they are

working with equations with missing numbers. They
have a 2 in their hand and need a total of 4 (2+ =4)
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After students play the game, a Math Chat that could
follow is “Boys and girls, you just played Fishing For
4. Let’s take a look at some of the things you were
doing. When you had a two in your hand what did you
look for to get a total of four? How did you know you
needed a 2 to equal four?” Do students say, “I knew
that two plus two was four? Or do students say “I knew
that 4 minus two equaled 2,”? Show students how their
problem of finding the missing card can be described
with a number sentence that looks like this 2+ =4,
“Let’s try some more of those to see if you can figure
them out.” 3+ =4 or 4+ =4 etc.

MEASUREMENT AND GEOMETRY

8. Student understands that there are properties such as
length, weight, capacity, and time and that comparisons can
be made using these properties

8.1 compares and measures the length and weight of two or
more objects using standard or non-standard unit

8.1.1 Materials: Have students bring 4 crayons or
pencils from their desk to the carpet.

Students are to measure how tall two different
students are using their measuring tools (Choose two
students who have obvious height differences.) Use
all the shortest crayons to measure the shortest
person and all the longest crayons to measure the
tallest person. This will create results that are
obviously anomalous and will provide interesting
discussion about the size of the measuring tools and
standardization of the measuring tool.

8.1.2 Materials: paper clips, snap cubes, or rulers
(depending on whether you want to work on standard or
non standard measure) masking tape strips placed
around the room of different lengths, or objects or
yarns of different lengths

91



Have students go and measure the strips and report
back their findings. Discuss whether or not students
got the same answers when they measured. Then discuss
the different lengths and have students help put them
in order from shortest to longest.

You can reinforce subtraction or addition concepts
using information from this measuring experience on
another day by comparing the lengths of the strings or
finding out how long two strings would be together

Introduce algebra (string a + string b = )

uses standard units of inch, foot, or centimeter to
measure length

8.2.1 Materials: paper slips cut in one inch, one
foot, and one centimeter side strips.

Do one unit per session you can follow the same
procedure for each unit. The following description is
for the inch but could easily be adapted for the above
measures.

Discuss the inch strip and compare it with the inch on
the ruler. Have students find a place on their
fingers that is one inch long. Then send them around
the room to find as many things that are one inch
exactly. When they have two things, come back to the
carpet to report out. List their discoveries on paper

tells time to the nearest hour and half-hour and
compares time related to events e.g.: before/after,
shorter/longer

8.3.1 Materials: clock faces 1 for each student (in
Anytime Mathematics manipulatives kit)

Begin with hours. After a discussion of the clock and
its design, ask students to find various hours on the
clocks and place their clock hands on the clock face
to show that time. Do the same with the half-hour.
Count out the minutes to “30” so children know where
the 30 in 2:30, for example, comes from. This has to
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be done several times in different ways for some
students to develop the understanding.

8.3.2 Materials: none

Draw a large clock on the board. Have the children use
one arm extended for the minute hand and one bent at
the elbow with the elbow kept bent for the hour hand.
Have students place their hands in the right position
to tell different times.

On other days, take the classroom demonstration clock
and have students write down on lapboards or on
journals, the times to several different hand
placements on the clock (to the hour and half).

reads and uses the calendar: identifies weeks and
months of the year, numbers the calendar in order,
locates dates, days, months; locates today, tomorrow,
and yesterday

Daily calendar and monthly calendar activities work
well to reinforce this skill.

8.4.1 Materials: Blank Calendar for each student and a
16 square bingo board to play calendar bingo.

(Prepare for the teacher use, days to 28, 29, 30, or
31 which ever is appropriate for the month you are in)

After the children have numbered and discussed the
special days for the month, have students select 16
dates from the calendar and place those numbers on the
bingo board. Then the teacher draws a number and
gives students a clue as to the date. Below are some
of the clues I’ve used:

It’s the first Monday in ----.

It is the day after today.

It is the 2™ Tuesday in ---.

This date was yesterday.

This date is Timmy’s birthday.
Valentines will be on this day.
This date is three days from today.
Etcs

VVVVVVVYY
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9.

Student identifies common geometric figures,

classifies them by common attributes and describes their
relative position/or their location in space.

.

1

identifies triangles, rectangles, square, and circles,
including the faces of three dimensional
objects

9.1.1 Materials: paper for recording ideas

Have students think about a triangle. Have them
describe what it looks like while you draw their
descriptions. Playing this literal game of tell and
draw will help them define the characteristics of the
shape. (Deliberate mistakes and interpretations of
what they say provides lively conversation and
involvement by the children in getting the teacher to
draw the right shape) Once the shape is defined,
invite children to find the shape in their
environment. List or draw the shape in the category
under the shape heading. Do a different shape each
day. (This is a good beginning of the year activity)

9.1.2 Materials: 3-D shapes and play dough

(Play dough: 1 cup flour, * cup salt, 1 tablespoon
cream of tartar, 1 cup of water, 1 tablespoon oil -
cook until desired consistency. Food coloring or
unsweetened powdered drink mix can be added before
cooking with the water to create desired colors and/or
scent. Six times this recipe makes a gallon sized zip-
lock bag full.)

1. Have students make different 2-D shapes (listed
above in benchmark) .

2. On another day, give students the 3-D shapes.
Have them press different parts of the shape into
the play dough to discover the shapes of the
faces. Discuss what the children discover and
record on posters about the shapes to be displayed
in the room. Do one shape a day to keep the
activity short and provide time for thorough
exploration.
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classifies familiar plane and solid objects by common
attributes like color, position, shape, size,
roundness, and number of corners and explains which
attributes are being used

9.2.1 Materials: small objects for sorting (small
toys, plastic animal collections, shells, - any small
assortment of things that lend themselves to sorting
for the above characteristics of color, position,
shape, size, roundness, corners, etc.)

Explore students’ free shorts, then have them sort
their collection by using a characteristic like color.
Introduce children to the idea of having to sort by a
sorting rule. Questions like, What would the groups
look like if we sorted them by size, shape, color,
numbers of feet? Do we get two groups or more than
two groups? Why is that?

9.2.2 Materials: picture collections of different
items. Clip art programs are good for this sort of
thing.

Have students work with the 2-D objects and then glue
their sorts on paper circling and writing the sorting
rule for each sentence. This activity could be done
whole group with an interactive writing attached to
the sort. Then students could do their own sorts at a
center or at their desks. The results of this
activity could be used to assess the mastery of this
objective.

describes and arranges objects in space in terms of
proximity, position and direction, e.g., near, far,
below, above, up, down, behind, in front of, next to,
left/right

9.3.1 Materials: White paper, bears or lions or
shells, or buttons (the manipulative you choose will
dictate the picture the children draw.
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Have students draw a den or cave (a shirt for the
buttons or a pail on the beach for the shells).

Give students a few manipulatives (bears or lions in
this case) Give the students one of each color so you
can use the color to talk about proximity, position
and direction.

Then give students direction sentences for the

location of the bear in relation to the cave or the

other bears. Use the above words in the sentences.

Below are a few samples of the directions I use for

students to practice the above vocabulary.

e Put the blue bear near the cave.

® Put the yellow bear next to the blue bear

e Move the green bear to the right (or left) side of
the cave.

® Make a line of bears with the red bear first then
the green bear behind the red bear. Put the yellow
bear behind the green bear. Which bear is in front
on the green bear?

e Put the blue bear above the cave.
e Put the red bear below the cave.

e Put all of your bears far away from the cave looking
for good things to eat.

e FEtc.

Student identifies and knows the values and shows

different combinations of money.

10.1 recognizes, counts, and combines coins to quarter

10.1.1,2,3 Materials: real or play coins and lap-
boards, journals or scrap paper

At the beginning of the year use pennies then add
nickels then dimes then quarters. Have students
practice counting different amounts of coins. You can
set up the problem differently to give different
counting experiences. Below are single examples of
different kinds of coin counting experiences.
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1. Take four pennies. How many cents is that? Can
you write it? What would it look like (using lap-
boards or journals or scrap paper) When you are
sure that students get the concept of recording
cents, add nickels and see how they count them
with the pennies. The ability to conserve that one
nickel is 5 cents is hard for some students. As
they count 4 coins, for example, containing 3
pennies and 1 nickel some may say it is 4 cents
because as they count, they tend to count the
pennies first and then the nickel. Discuss.
Practice with several different amounts of coins
in different combinations.

2. How many ways can you think of to make XX cents.
Discuss with the children the different ways they
came up with making the target amount. What coins
did you use? Does that make X cents.

3 Take three (or any other designated number of
coins) coins. How much is that? Could be many
different answers depending on which kinds of
coins are in the pile. Discuss with children the
different amounts that they could have.

These different Mathematics Chats can be redone over

and over as more coins are added to the pile of coins
children work with.

STATISTICS, DATA ANALYSIS AND PROBABILITY

11 Student collects, records, organizes, displays and
interprets data.

11.1 sorts objects and data by common attributes and
describes the groups formed using categorical labels

11.1 Materials: Atrilinks, buttons, shells, bears,

lions, small collections of toys etc. and sorting
mats
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i1.

Give students a scoop or cup of a selected
manipulative as those described above. Give them a
few minutes to sort their collections. Discuss the
ways in which they sorted their collections. How did
you sort your collection? How would you describe the
different groups you made? This question gets at the
attributes of the set. 1In sorting situations like
these you can use open sorts or define attributes.
You can define attributes by asking children to sort
their collection such as one of the groups must be
small circles (Atrilinks), or buttons with two holes,
or toys with wheels etc. Have students share their
thinking and label the groups. At first they will
need help that the group is a group because it has
definable attributes. Students can be familiarized
with this kind of thinking by asking them to sort by
size, shape, or color. Give several opportunities to
sort groups by these different attributes and other
attributes like texture, smell (depending on the kind
of manipulative you decide to use - leaves, nuts,
animal pictures etc. give different opportunities to
sort by different attributes. Students also need to
talk about how they show that things are part of a
particular group (Did they group them together? Did
the students put space between the groups? Can they
tell the difference between their neighbors groups?
Did they draw circles around their groups when they
drew them on paper?).

represents and compares data, e.g., largest, smallest,
most often, least often, using pictures, bar graphs,
tally charts, Venn diagrams, and picture graphs and
explains how the data differs

11.2.1 Materials: objects from sorts described in
11,1.1

If objects are uniform in size, students can make real
bar graphs using objects used in sorting experiences.
The purpose of a graph, charts and diagrams is to
organize information. It is interesting to watch what
children do when they create a graph without an
organized mat to use. The organized graphing mat
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12

12.

superimposes a 1 to 1 relationship between groups.
Even tallying with a cross for the fifth one
superimposes an organization to the counting
experience that students may not use on their own. It
is informative to watch what children do as they
record their information. Do they use a 1 tally to 1
object in tallying and a one space to one object in
graphing. If they do not understand this relationship
being able to read and interpret a graph will be more
difficult for them.

Student uses probability to determine the likelihood
of events.

identifies the probability of an event occurring

12.1.1 Materials: brown lunch sacks with blocks or
bears (blocks, buttons, or Atrilinks etc.)

The first (and possibly second) time you do this
activity, do one bag as a class activity and guide
students through it. Have the children reach into the
bag and record what object comes out. Take 20 turns
and record the objects (by color, shape, size or other
attribute) Have children predict based on the
information they collected what objects will likely
and how many of which object there are in the bag.
Record their predictions and then reveal the bag’s
contents. (You can start with 3-4 items in the bag to
make it easier)

12.1.2 Materials: Spinners divided in different ways.
Divide some in fair shares and some not fair.

Discuss the different spinners and experiment with
them. Have the children take turns spinning the
spinners and recording the numbers that come up.
Encourage the children to explain why they think the
numbers come up as they do.
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MATHEMATICAL REASONING

13 Student makes decisions about how to organize and
solve a problem.

13. 1ldecides the approach, materials, and strategies to
represent problems

Through the use of centers, games, and Math Chats,
students will be continually engaged in activities
that will require that they make decisions about how
to organize and solve problems.

14 Student solves problems in reasonable ways and
justifies their reasoning.

14.1 makes calculations and checks the validity of the
results from the context of the problem

Through the use of Math Chats, students are solving
problems on an on going basis and are given multiple
opportunities to explain their thinking and consider
the thinking of others. They explain their thinking,
listen to each other’s explanations of thinking and
make decisions as to whether or not they agree or
disagree with explanations presented. Assess student
progress toward this goal can be conducted through
observations of participation and strategies employed
during Math Chat activities, games and centers.

15 Student sorts and classifies objects.
15.1 recognizes attributes of a set

15.1.1 Materials: Atrilinks, buttons, shells,
bears, lions, small collections of toys etc. and
sorting mats

Give students a scoop or cup of a selected
manipulative as those described above. Give them a
few minutes to sort their collections. Discuss the
ways in which they sorted their collections. How did
you sort your collection? How would you describe the
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different groups you made? This question gets at the
attributes of the set. In sorting situations like
these you can use open sorts or define attributes.
You can define attributes by asking children to sort
their collection, but that one of the groups must be
small circles (Atrilinks), or buttons with two holes,
or toys with wheels etc. This gets them ready for
using the Venn diagram described in the next
objective.

15.2 uses a Venn diagram to compare two sets

15.2.1 Materials same as those described in 15.1.1,
Venn diagram boards (see Teacher Resource amendment)

Begin with two circles and arrange sorts so that the
two groups sorted will have items in each group so
that children will have to make a choice as to which
group the items will fit into. Use a sorting mat with
the two circles not intersecting. Discuss the two
different groups and ask students - Did you find any
things, objects - buttons, bears (what every you are
using) that could have gone into the other group? How
did you decide where to put the “object”? Boys and
girls, how could we show that the could
belong in both groups? This process creates a need
for using the Venn diagram.

15.2.2 The use of the Venn diagram is a challenging
one for students. Several opportunities to sort
objects and discuss those sorts is needed before
students can begin to use the Venn diagram with
understanding. You can use this tool to sort words,
compare how stories are alike and different, how two
students are alike or different, how two characters,
plants, animals, communities etc. are alike and
different. Any subject area can be used to help build
understanding of this sorting tool.
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- Teacher Resources
Materials Contents‘LiSt

'~ Materials (2-D) that were mentidned in the Mathematics'
Chats are listed below. ’

Noodle Sticks

0-9 Number‘Cards

0-99 Chart

1-100 Chart

1-10 frames

1-20 Chart/Frame

1-50 Chart/Frame

Meaningful flash cards
It should be noted that only a two-page sample of
what meaningful flash cards could look like is
included.

Venn Diagram

Sorting Mat
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0-99 Chart

4

5

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

477

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

89

90

91

92

93

94

95

96

97

98

99

105




1-100 Chart

5

6

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

17

78

79

80

81

82

83

84

85

86

87

88

89

90

91

92

93

94

95

96

97

98

99

100
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1-10 Chart

1-20 Chart
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1-50 Chart (0-99 or 1-100 just use two of the 1-50 and tape)
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Meaningful Flash cards
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Name:
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Name:
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Appendlx C

Mathematlcs Games and Center

Students needﬂmany opportunatles‘to practlce math

" _cdnceptamand‘akille~1n a,meanrngﬁul way;: A fun and o
alﬁaﬁi§5£i£gfw5y”£o,ﬁéinf¢£¢é°the§éfgkiiiggis through cencept;"'
’j}gaﬁesdéﬁafééntéfs)fusiﬁé'céﬁﬁerédaisb“cfférs“theféeacheriayr
'tperlod of trme mhere‘small group‘lnterventrcn can be
t‘fac1lltated.d;:,a‘ |

‘ Students are hlghly motlvated to‘use math skllls in

:'g’game eltuatlons because they llke to play and to win. {Jitz_,
‘f;leedlfrlcultatoln;ay successfully;WLthout‘praCtlclng,atlctr'7

,droflmathematiCEAf.OnefadVantageatO'uSing.games‘isithatjthe_ s

i number_Ofttimes“that”alChild-enccuntere,and7practicee’matha".'

‘”fskllis is. much hlgherithan typlcal worksheet a331gnments; jlu
’It 1ev1mportantﬂto note that durlng game and center‘tlme‘3d
dr;the teacher acta asﬁfacrlltator and c1rculat1ng asklng
_ dquestions of(the\chlldren ae they‘are playlnd Thls};f;*d
hquestlonlng and“observatlon‘rs a crrtlcal rolebkyDur;ngrf
'fthese_ohaerraticnsaseveralfguiding‘qﬁeaticne,fccugatheidlt
> Are the children able to work cospsratively in the game

situation? =
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Do they'underStandvhowbto play.the game/do the center
activities? | | |

How ate'they completing the game/task?

Cen they answer importanthuestions abont the game/task
such as: | B

How much do youihave?

How.much do you Still need to'get to ___?

Who has more?‘

How do'yon know?

How did you find out?

Did you orgsnize your counting?

How did youikeep track?

Are they using strategies?

—conservingsmell numbers

—countington |

—oombining‘numbers

-moving objects to count

Are they confident and consistent with their answers?
Do they see a relationship between quantity and number?
To what nuﬁbet is this relationship confidently in place?
At what,pointvdoes it break down?

Do they use tens and ones confidently and consistently?

114



opportunity tc do remedial or

Independent

. students emerge oWt of a structure of teaching. Each game

' and center/game needs to be taught. ‘The first week of



”3fj,fgivinglupfto’sémeoneielSéSWlthout bégéminggeﬁétiaﬁa;.};tf:*~

vfff'juSt:sobweﬁagree“o

' These are 1mportant”th1ngs'to dlscuSSf f&f

fthe@teac ng}of‘the centers happens Open dlscu831on and

’rOblém:sdive,as?i;),;' o

fng of these issues helps students bulld the.kfi??fwﬁjh

‘}a3001al skllls they need to get along w1th others Also,f}ﬁf-'liF '

hFdlfferent ways for dec1d1ng who goes flrst need to be

how. - i

 Centers can be assigned or handled in a menu form =

© . where students make choices. The children have choices

”*J‘abbutfwhe}eathe§Va“ ;gaing*td wokaéh:a‘partiéulaf»davaithqf'

fj;?rthe caveatfthat‘they flnlSh all of the menu 1tems by the

h;end of.the;cycfe (whlch mlght last for two weeks or so)

ﬁff:Agset¢oﬁpgames*compr;ses,the»resteoffthlrsuﬂ

;Tiiés}e[fgamés a-’n'd"‘cen.t'efsf .afé"t'h’e';anes r'eférréa'-t‘é -finf'ith'e' S

,‘».LI

fn’MatriXiJ‘Recordlngvsheets for the centers and games are

1ght'play rock paper sc1ssors on the flrst dayd:g“‘

the rules to play 1t and everyone knows@.:”‘

' l.llsted at the end of thlS chapter tThe”recordlng;sheetsvcrtb |

“.;hare‘tltled 1dent1cally;togthe«tltle’ofithe”gamegor-center;r'f
“LA sample of games 1s 1ncluded 1n thlS prOJect y Seeifﬁégﬂ}-r~

‘}1fmatr1x, Appendlx A, to«see_howuthesefgames‘and:centerstanf:'

fﬂbe usedfln the'mat 'program on number for flrst grade




The games and centers that were chosen for inclusion
were seiected fbr'pheir‘fiexibility.  As firsflgraders
develop théir cdncept of small numbers and are ready to

work with larger ana lafger nﬁmber combinations, these
gamés_can be modified with'litﬁleveffort to meét the 

develdping needs of the students.
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'uf>;ﬁceh£erg;andﬁsamésfﬁ« L

f;Snap[

hﬁMaterialsvl plastlc cubes that llnk together four for each
student. Played 'in palrs g SEAR :

‘To play.

‘Students show the four cubes to thelr partner and then snap; .

‘some off. to hlde behlnd thelr back Their partner

. “guesses” how many have been snapped off After ‘the _
"“guess” the blocks are shown to the partner and then the
._partner ‘takes hls/her turn ~ Students play for-a while and_
~ then record all ‘the dlfferent ways there dre to .snap the :
" cubes. ThlS game works on- comblnatlons to 4. . It also-

+ works on pre- algebralc concepts (2 blocks shown plus “n”fs

.-'(the number of blocks behlnd the back) equals,a_total of 4
3‘that 1s 2 +n —4) B B L R TR NI

- Fi:td’ﬁ*"zi'] S e
In thlS game we are playlng for matches equallng 4 -(or .any
3de31gnated total) ’ » : : , ce

) Materlals. two decks of cards (take out all cards above 4)
thls game can be played w1th up to 4 players o

' Sort the cards so that only the aces,,ones, twos,~
vthrees, and fours, are in play the deck.:  Save the

£ vremalnlng cards to- add in as the- students work " through.

comblnatlons to 10. - This. game can be redone w1th the ‘
target - totals 5, 6, 7, 8,‘9; or 10 = just add in the cards
as needed 'This is. the game I refer back to when show1ng
students the connectlon between addltlon and subtractlon

'To play:
The cards are placed in a plle face" down in the mlddle“

'of the group
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Decide who goes first and on your turn flip over the
top card placing it next to the pile of cards face up. See
if you can match this card to any of the cards turned up
thus far to make a total of 4. If you can, take the two
cards and place them in your “bank”. Each combination to 4
or a four-card by itself gets a point.

Play continues around the circle until all of the
cards from the pile have been turned up and matched.

To win: :

The student with the most points at the end of the
game wins. ' . 3 ‘

Students then talk about the different ways there were
to make 4. They can also record the different ways on a
recording sheet.

Spill the Beans

How many ways are there to spill two-color counters?

Materials: small cups, two colorvbeans or counters, paper
plates, recording sheet

To Play:

The object of this center is to find all the ways to
spill 4 two color disks. This is a center not a game.
Students work individually to record their work.

Students place four counters in a cup, shake and spill
the beans or counters onto the plate. They record on the
recording mat the different ways they found to spill 4
disks. (As students work their way through the facts, add
counters to the target total being worked on).
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 How many beans are in the bag?

'ﬁMaterlalS'i 10 quart or sandw1ch 51zed 21p to. close bags*3p~'

"dfllled w1th l 10 beans (at ‘the beglnnlng of the year) '(If“
- you use’ llma beans and label the beans 1n the a bag all

'w1th -a’s and teach chlldren to put them back into the rlght“

'd bag, you W1ll have less mess up’ with the numbers of beans :

o vthe bags)

in. the bags You can also color the beans and then code

.To work at the center , : S
~Students’ choose three bags and count and record the: X

~,number of. beans.h After three- bags have been counted order T

p'the bags. from smallest to largest ‘and: record on the.
~recording sheet. Then ple three- more bags . to count

:”*Count and return the beans" one bag at a time. Some

children w1ll dump them all out of the three bags andbthen o
‘:count them: L p e o e . i
"75ﬁndwvbig»isrybur“héndful?-”

ffMaterlals : nlne resealable gallon 51zed plastlc bags ,
- filled w1th the 1tems to be counted paper plates and ’
'ff_recordlng sheet ) ’ : :

. Y'TO play' L

fStudents grab l handful of the manlpulatlve from the bag
They then pour thelr handful onto the paper. plate, count
and record the number of 1tems Repeat for the rest of theu

1tems S : :

5;fSpin:é;Bihg§{;;f“‘

sfMaterials-f‘Splnner page lamlnated, dlfferent colored place,ﬂfp
'ﬂ'markers for each. player, ‘paper- cllp, brass paper fastener,j[f'

14 section. of soda straw. for splnner (Place brass paper .

_p'.fastener through straw, and’ fasten through game board _Thei"*V”
. paper. Cllp w1ll spln freely around the straw sectlon. o

'Note° tape the back ‘of the. game board over the ‘ends of- the:
‘ paper fastener so the ends .do not get - stuck 1n the carpet
’_tlf chlldren are playlng on the floor ) ‘ R




vDe01de who goes flrst by splnnlng the splnner to see who
has the hlghest or - lowest number '

"Onithe turn;‘playerysplns both_splnnersfand places a chip
- on the gamevboard'a0cording to the reSults"on the spinnersl’

?‘Play contlnues untll one player has four ChlpS in a row
horlzontally, vertlcally, ‘or dlagonally.r ‘ -

.'The students can keep track and play untll one player has 5;;
p01nts ‘to w1n. One point earned for each game ‘won. Set thelf
- ‘number. of p01nts based on how long you want students to )
wplay the center before they are flnlshed. . :




- A1l
,_tqether‘ ‘
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Name

Fishing For 4

123



Spill the Beans

QOO0
SO

0000
0000

0000




Name

How Big is

your Handful?
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How many beans are in the bag?
Count the beans and record “the_ number in the bags.

Then glue them in order from smallest too largest.

Largest

Smallest

)
ALY
fS___S_ES____%_ =
=5 1 % -
e g
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1109 7 4 6

308 2 5|1

1111 6 4 |7 |9

2 5 8 |0 3 |11

1103 |7 |4 |6




Appendix D

‘i Problem'SdIvihg

Math tools are put‘to work iﬁ pfoblem solving
situations. ‘Pfobiem soiving sitﬁations can take many forms
to suit‘many pﬁrposes. The main‘purpbsé is to put a
context’to“the:numbers being used and provide obportunities
for students tQ fhink about number‘in differentbways. In
this chapter three different kinds of problems solving will
be'discussed, Problems of the day/week (POD’s and POW;S),
Head Problems aﬁd Two‘Problem Approaghes are thfeé possible
ways to buildbmathvfiueﬁcy. fhese differént problem—solving
techniqueé are used throughout the‘week. They'are used to
review and'reinforCe skills and provide opportunities to

demonstrate and communicate understanding.

The name Head Pfobleﬁs ié a tefm usedvin MathbMatteré
to describe a épecific proceés. "Head ?réblems are mental
‘math exercises with:several steps. Head problems ére used
on a dailYibasis; TheY'are‘used to review and reinforce
math}skills.préviously taught. ‘They should be easy enough

to do withoﬁt-papér‘and.pencil. Head Problems are
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comprised of a series of steps, which are given once.

Students must use active listening.

Here 1is the headvproblem (mental'math) that was listed

in the matrix (Appendix D) with a discussion as to how it

might look in a classroom.

Teacher'Says: “Take the number of eyés you have. Add B
to that the number of nosés you have; Then add ﬁhe numbéf
of thumbs youihave.” “Show me‘bn your fingers what you
think the answer is.” “Who canvremémber what we did first?”
(Generate student respoﬁse after eaCh question;) “What waS’_
that number?” “What did we do next?” “What was that
nuﬁber?” fWhat number dé we have‘now?”‘“Who rémembers the
last stepé What was'it?¢ ‘“Show-me'the number we had on
step three.” “Now show me the total.” “Jeremy‘is.shbwing a

5 who agreesvwith Jeremy?”

Aﬁothef‘kind of problem solving situation is_prpblems
of tﬁé day or week."Thé>probiem—SOIVing sifuation can be
. constructed usingclassroqm experiences and/or make,
connections to literaturé read.in class. The students’
names are freqﬁeﬁtiy dséd in'thé problems. 'The‘probléms

‘are read and discussed with the students;
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”VStudentS;beginlﬁo"sharefﬁhéir,iﬁtéipreﬁatiohsﬁofﬁthéfjx*

q;‘problems and p0531ble solutlons are dlscussed at the‘f;'h'

lv"}_fﬂbeglnn:l_ng, the;problems are dlscussed exten31vely at f

uf;f;as the goal 1s that students become famlllar w1th L@ifﬁf;‘“f

_“resentlngfthelr thlnklng orally and 1n draw1ngs, symbols,‘}jf

‘*numbersiandﬁfOrdSJ}‘g_;

Students are often engaged 1n oral dlSCUSSlOH of

deroblems

‘1to see how well students ‘can communlcate thelr thlnklng 1n:f

The problem of ghe'day/week offer opportunltles?5vi'

" The sophistication of problem solving develops over

»f'[tlmé -dver7timefstudents take'ohfmoreﬁandamoretofxthe””"”

dt‘respon51blllty for re+ad1ng and thlnklng through the "5j%f“”

' fproblem solv1'g 31tuatlon : ThlS process 1s a yearlong one

'ﬁfYoung chlldren w1ll need modellng as to how to record thelr:'

ﬁ;ﬂathinklng'onﬂpaper:-_i‘

At the beglnnlng of the year the problems are 51mple.,

'"\ﬂAfter readlng the story Mouse Count Stoll Walsh (1991)

”flpresented'thls problem to the chlldren.y,ffﬁf.<v-vf

:fjifyafsnakg.had“z;micéfin'tﬁejjarféﬁdjsaméﬁof»ﬁhemf'5”"

 escaped, what would be some of the ways the mice could be




© arranged inside and outside of the raw and show as

e mice could be. iﬁs.id'ex :aﬂd“:but’é’ide~ of -i:'hef‘f'j ar BRI
v“ﬁfStudenES‘then 1s to go to thelr desk and record thelr f

ne on thelr POD paper Wlth the problem llsted at the

Nb:top\ Some teachers are dupllcatlng the problems on SllpS of}

"xfifpaper to be glued 1nto a. splral notebook at the top of the

two color

ufpage._;Other teachers are u51ng a’ dupllcated sheet w1th thefff;h"”

l;f{_problem at the top to be added to three pronged notebOOkS

'”fpjthroughout the gradlng perlod._

;l;ffound as Appendlx H |

.Theﬁproblems are gradedug

'rW1th the use of a rubrlc .Affopy of thlS rubrlc can be‘p

“~3wesm®maﬁma¢@¢®wx@uwmmmanemna=

~journals, they are free to choose math centers and/or game

'*rleiikeftﬁoééfdéscribed*initﬁéfbﬁé?i¢55f¢héptetki?>?7V~7-”

Students kept track" 5lsoiv‘ngﬁaCtivitieswin‘al'
'[fthree pronged folder w1th poc

(Lto teach the process on howf o4usepthe three pronged

jleSSonfwasfnecessary; N



,folderegpjstudeﬁteQaleohkeptptraokfofﬁreoording‘Sheets;for"'

':f”_stadehte lh;ahothereclaes Werehueing.thebépiralla
| notebookeftofgluefln'the problemQSOlVihg;sheets;Zefheywal30}~
‘R‘heeaed'tovbeﬁinatrﬁctedjas‘to}hoW'to:glue lh‘the,sheete;p{fﬁ"

Instead‘of ﬁ31hg a-fullisheet for the problem, thepteacher
3ﬂvtyped the problems on strlpsv Six problems fit oﬁié[sheet;y['~
Awthh.wereRCOpled cut upilnto strlps, and glued onto the
' top of pages in the students"splral notebook _ Conoeptsli
'llke frqnﬁyof-book,‘topfof‘page,»how to USetappropriate

: amountslofﬂglﬁeﬁahd;Where'oh'the pagéita glﬁe'were all

Htopiosfﬁhat-heededpdieouseioh withlthej5.and,6_yearfold§;

étudehts'aleo:need_aseiStahoehlearhing_to aeai]Wiéh”;
‘fstandardiZed teétlhohformate; Thé’fWoféroblem Approaoh,‘a
‘ Math Matters technlque,'offers.a good.WaY'to;lntrodﬁce and‘
'relnforce test taklng sklllslas well ae currloulum and
»Skills»breviopsly,taught;rHTWQ1problem5rare.wrlttenffromv
the?benChMarksYand“staﬁdards."Thebpréblemstcéh'be |
,dlsplayed on the board;toverhead or ohtetadent coplea.bThe;v
vlproblems are: worked out}together relylng heav1lybon student.'
1nput After u51ng thle technlque for a whlle uelhg blank

bg”paper;;Imfoundait helpful for studehtstto,respond onVCOpies
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and assessment techniques discussed in Chapter 4 are using

. during the course of working out these problems.
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dletem Knowledge

o ,AQP»vPEN-DIX‘ ‘ E' i

. Slmllarltles between letter and Number Knowledge

<

‘prhree Concepts to Develop

ﬁzl Name’

~a. rote verballzatlons =

-~ . sing- song,countlng

e _

'ffﬁare separate vocal
- units ' o

o c{vocal unlts have an:f

'order'

L a. recognltlon e
,b,\ production |

:3LValue SRR
n_a,beglns w1th small
' numbers and -
" increases Ry
‘:glb;,values dlfferent
S units o L
dﬁchonservatlonﬂ“‘” ’
. develops ‘
'Jd 1nclu31on develops

_K*Number knowledge develops
- through interaction with
9fenv1ronment Awareness of

“patterns in numbers

ﬂf_develops as’ prof1c1ency andf;
'understandlng of ‘the: number*jﬂ

| fisystem develops.v‘;v‘»'

awareneSS‘that'nUmbersi:pﬁum_,,

v“"-'_',lv:._.I,\Ia'mef'~

[ 3. Sound

K}QAwareness develops
' _pattern seeking as
~ and word knowledge develops-‘
_through 1nteractlon Wlth ’
"dprlnt e '

b'~Development

7.?wEar1y Letter Knowledge

VJfThree Concepts to'Develop tlfﬂ7nf“

vItem Knowledge N

' a.  Rote sing-song-

1tjverbalizatiOns L

. ‘awareness of

_"7separate vocal

. un‘~"un1ts il

o e. vocal: unlts are.

"’,;,dlstlnct and

,‘T~d1fferent from one
7 another ’ ‘ ’

recognltlon'
b productlon~fg

a. p031tlonal
“~variations.

:n;b; blendlng/segmentatlf-v.'”

. c. as ‘part of
'“.”meanlngful units '
f etc R

for SR

letter
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1 STATE OF CALIFORNIA CONTENT STANDARDS AND BENCHMARKS

o ‘By the end of first grade students understand and use the concept of "ones" and "tens" in
- the place value number system. They add and subtract small numbers with ease. They

- measure with simple units and locate obJects in space They descrrbe data and analyze

- and solve srmple problem 51tuat10ns o

: .YA NUMBER SENSE

Al. Students understand and use numbers up to 100.
ALY count, read and write whole numbers t0 100 - '
~Al.2 compare and order whole numbers to 100 usmg the symbols for less than equal
 to, or greater than (<, =, >)
'Al3 represent equlvalent forms of the same number through the use of phy81cal
- models, diagrams and number expressrons (0 20): | o :
o (e.g., 80anberepresentedas4+4 5+3, 2+2+2+2 10-2, 11 3) _
Al.4 count and group objects mto ones and tens (e: g 3 groups of ten and 4 more is
34 or 30 + 4) »
L Al.5 identify and know the value of coms and show drfferent combmat1ons of coins
" that equal the same value |
A2 Students demonstrate the meamng of addltlon and subtractron and use these

“ operatlons to solve problems

"A2.1 know the addition- facts (sums to 20) and the correspondmg subtractlon facts
“and commit them to memory. x
. A2.2 use the i inverse relatlonshrp between add1t1on and subtractron to solve problems ‘
- A23 1dent1fy one more than ‘one less than, ten more than ten less than a grven ' '
© number RSN ,
- ~A2.4 count by 2s, Ss and lOs with numbers to 100 '
" A2.5 show the meaning of addition (putting together mcreasmg) and subtractron
' (taking away, comparing, finding the difference) ‘
. A2.6 solve addition and subtractron problems w1th one- and two d1g1t numbers
(egy5+38= ") . : ey
- A2.7 find the sum of three one-dlgrt numbers i
- A3. Students use estnnatlon strategles in computatlon and problem solvmg that mvolve o

X v‘,{numbers that use the ones, tens, and hundreds places P

" A3.1 make reasonable estimates when comparmg larger or srnaller numbers g
B. ALGEBRA AND FUNCTIONS :
"Bl Students use number sentences to solve problems
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B1.1 write and solve number sentences from problem situations that express

relationships involving addition and subtraction

B1.2 understand the meaning of the symbols +, -

B1.3 create problem situations that could lead to g1ven number sentences involving
- addition and subtraction :

C. MEASUREMENT AND GEOMETRY
C1. Students use direct comparison and non-standard units to descrlbe the measurements
of objects.
C1.1 compare the length Welght and Volume of two or more objects using direct
comparison or a non-standard unit :
C1.2 tell time to the nearest half hour and compare time related to events
(e.g., before/after, shorter/longer)
- C2. Students identify common geometric figures, classify them by common attributes and
describe their relative position/or their location in space.
'C2.1 identify, describe, and compare triangles, rectangles squares and circles,
- including the faces of three-dimensional objects
-C2.2 classify familiar plane and solid objects by common attributes like color,
position, shape, size, roundness, number of corners and explain which attributes are
being used for classification
C2.3 give and follow directions about location '
2.4 describe and arrange objects in space in terms of proximity, position and direction
(e.g., near, far, below, above, up, down, behind, in front of, next to, left/right)
D. STATISTICS, DATA ANALYSIS and PROBABILITY
D1. Students organize, represent and compare categorical data on simple graphs and
charts.
D1.1 sort objects and data by common attributes and describe the groups formed
using categorical labels
D1.2 represent and compare data (e.g., largest, smallest, most often, least often),
using pictures, bar graphs, tally charts and picture graphs
D2. Students sort objects, and create and describe patterns involving numbers, shape,
size, rhythm, or color.
D2.1 describe, extend and explaln how to get to the next element in simple repeatmg
patterns (e.g., thythmic, numeric, color and shape patterns)
MATHEMATICAL REASONING ‘
El. Students make decisions about how to set up a problem.
E1.1 decide about the approach, materials and strategies to use
E1.2 use tools such as manipulatives or sketches to model problems
E2. Students solve problems and justify their reasoning.
E2.1 explain the reasoning used and justify the procedures selected
E2.2 make precise calculations and check the validity of the results from the context
of the problem
E3. Students note connections between one problem and another.
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APPENDIX G o

R1versrde Unlfled School DlStrlCt
B Grade 1 Mathematics" ' »*w-;
Content Standards and Benchmarks;f“

‘ Note° A formatlng change has been made from the way in. whlch the B
‘[[forlglnal Content . Standards and Benchmarks was. presented to

“fﬁteachers. ‘'Here the. content ‘standards (in bold) and. the follow1ngf

'grbenchmarks are llsted in’ consecutlve number order. . That = ,
Jnumberlng system was used: for purpose of organlzatlon in- the data"'

- base - ‘web page like" de51gn of the technology support that
'Vsaccompanles thlS progect ey LR : .

f‘NUMBER SENSE

‘fl, Student understands the relatlonshlp among numbers, quantltles?
and place value 1n whole numbers;ﬁﬂw ‘ :

'Counts, reads, and wrltes, hole numbers to 100
1lcounts by twos, flves, and tens, to 100”q
reads ‘and writes. number words to ten s \ :
compares and orders numbers to 100 u51ng the symbols forj*
“less than, equal ‘to or: greater than (< >, —) ‘
ufuses ordlnal numbers. to the- tenth B
' represents equlvalent forms of the same number through -
.. the use of phy81cal models, dlagrams, and number -
';’expre551ons, to 20, e.g.: 83 ‘4+4 5+3 2+2+2+2 9+1 .
U etc ) : B R i v : ,,:“*Y

o e '
ENOVE S I

R

';pZ.jStudent understands the concept of place value in the number
: ’system : g R ,

2.1 t‘demonstrates an understandlng of the place value of ones,:'

... tens, and one-hundred. ‘ : o

‘vh>1252f~counts ‘and - ‘groups objects 1nto tens and . oneS'-(e.g,,‘B
RZ T fgroups of tens and 4 more is 34 or 30+4) T

{s3.5Student understands and descrlbes addltlon and subtract;on and -
uses these operatlons to solve problems. e

~3:1i shows the meanlng of addltlon (puttlng together) and

subtractlon (taklng away, comparlng,‘f;ndlng the
dlfference) : , T

137



se relatlonshlp between addltlon and
SRR -‘,-subtractlon to solve problems ' ' - 'gwgy
'7ﬁ2ﬂ3;333kn0ws ‘the’ addltlon facts‘(sums to lO) and the S
- '“’[correspondlng subtractlon facts and commlts them to
. memory . “. - U S : , Ly
3.4 understands the commutatlve property of addltlon : ‘
'f@3g5ljuses manlpulatlves to add and subtract to 20 and wrltes
_"l“‘ﬁfthe correct equatlon BTSN S PR :
"~j3A6-;‘1dent1f1es oneé. more than, one less than, ten*more.than,::f
. ten less. than a. glven number to 100

£”3;2ﬁ‘uses the 1nv,~

"A;3,7-_'solves addltlon and subtractlon problems w1th one and two:fﬁf?

N n"dlglt numbers w1thout regrouplng '
5-_f1nds sums w1th 3 or more one dlglt addends us1ng
»;vassoc1at1vevproperty R e

‘“:}_Q}TStudent uses estlmatlon strategles 1n computatlon and problem lh*
llw‘SOlVlng bf:v‘” R BRI . e ; :

’~4[lq*est1mates number of objects up to 50 (estimationvjarﬁfor
R - example) o : ' ‘ : e S
'yt4b2~‘makes reasonable estlmates when comparlng the sum of two,f
’ *"J‘two dlglt numbers when that sum 1s less than 50

; uifS, Student understands the relatlonshlp between a part and whole.‘v

”j{55;1f-recognlzes, understl”ds,
: 'f' whole and a half '

ractlonal partsfofzaA ;

o ALGEBRA AND FUNCTIONS

”f]ngG Student uses patterns‘to solve problems.

“'1dent1f1es mlss1ng objects in a 51mple pattern

6:2'f1dent1f1es, explalns, reproduces and extends, and bullds‘ﬁlr»'t

an pattern u31ng up to three dlfferent components

fb7;’ Student uses number sentences to solve problems. ?ﬁ}ﬂ

S ,7.1~1recognlzes and understands the mathematlcal meanlng of
"'l"fthe symbol + - .“‘fV- R "~ B
"f'7.2’gcomputes equ,t‘ons w1th m1531ng numbers u51ng
"".‘manipulatives K . E . :

Casge e




MEASUREMENT AND GEOMETRY

'-;>8 Student understands that there are propertles such as length
' ‘weight, capaclty, and time and that comparlsons can be made '
j'uszng these propert;es ﬁf'" o

‘ compares and measures the length and welght of two or

more objects using standard or non- standard unlt

~uses standard unlts of 1nch, foot, or centlmeter to
. measure length o : B :
3" tells time to the nearest hour and half hour and compares‘,
time related to events e.g.: before/after, shorter/longer'
‘_reads ‘and uses the calendar' 1dentlf1es weeks and: months

of the year, ‘numbers the calendar in: order, locates
dates,_days, months, locates today,:tomorrow, andy"
yesterday i . N ' o IR

'9.” Student 1dent1f1es common geometrlc flgures, cla551fles
"~ 'them by common attributes and: descrlbes thelr relatlve e
pos1tlon/or thelr locatlon ‘in space.-‘ co e

identifies triangles, rectangles, Square,héﬁdfcircles,
o 1nclud1ng the faces of three dlmen51onal R

objects

ybuclas51f1es famlllar plane and SOlld objects by common
‘attributes like color, p031tlon, shape, s1ze, roundness,
- and number of corners. and. explalns which attrlbutes are

© o obeing used T o : R Co :

- descrlbes and arranges objects in space 1n terms of

'f;jprox1m1ty, p031t10n and dlrectlon, e.g.y- near, far,.

¢:'ufbelow, above, up,. down, behlnd, 1n front of, next tQ;"f
o ;left/rlght e LT

10 Student ldentlfles and knows the values and shows dlfferent
2 comblnatlons of money G e : T

reCogniZes,:counts,jand'COmbineS;coins:to»quarter'

: sz_.AJTJIaSJTI!cS,, DATA ANALYSIS AND PROBABILITY

11 Student collects,‘records,vorganlzes, dlsplays and 1nterpretsif

data

1i11}2>

‘sorts objects and data by common attrlbutes and descrlbes
the groups formed: u51ng categorlcal labels '

,represents and compares data, e. 9., largest, smallest,__“;
‘,_most often, least often, u31ng plctures, bar graphs,-' '




tally charts, Venn diagrams,; and picture graphs and
explains how the data differs

12 student uses probabilify to determine the likelihood of
events. ’ ,

12.1 identifies the probability of an event occurring

MATHEMATICAL REASONING

13 Student makes decisions about how to organize and solve a
problem. ' '

13.1 decides the approach, materials, and strategies to
represent problems ' -

14 Student solves problems in feasonable ways and justifies their
reasoning. - »

14.1 makes calculations and checks the wvalidity of the
results from the context of the problem '

15 Student sorts and classifies objects.

15.1 recognizes attributes of a set
15.2 uses a Venn diagram to compare two sets
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APPENDIX H
3 _T Rrversrde Umﬂed School Dlstrlct’ |

L : 'K-2.MathRubr_1c S

. 4 - ’:Complete Response

_ > Fully completes the task or tasks . e e
©..» Shows understandrng of the’ mathematlcal concepts and procedures
o > Sat1sﬁes all essentlal condltlons of the problem

o > Completes most of the task or taskS

RS - » Shows understandmg of most of the mathematlcal concepts and procedures o I

> Satlsﬁes most of the essentral condltlons of the problem
2 ’-:";'.‘,f:'.Partlal »R_espons_e ISR

“ o > Completes some of the task or tasks RS : .
~:» - Shows understandmg of some of the mathematlcal concepts and procedures :

o > Satlsﬁes soirie of the essentlal condltlons of the problem

) 1 ph . ,Inadequate Response i :ﬂl"

s > Incomplete | ot g N B
) > ‘Shows little understandmg of the mathematlcal concepts and procedures
S Falls to address essent1al condltlons of the problem , a

. Riverside Unified School District .

' K2 MathRubric June, 1998 - .o



ENDNOTES

. Math Chats is the term used in this thesis as it is the
term used Rebecca Kallinger and Catherine Corr in their
workshoszon working with‘nﬁmbers with children.
‘Different aﬁthors have similar processes and have-given’

them different names.

Additional information on Math Matters and learning
research‘can bé,found at this web address:
http://www.mathmatters.net/index.htm or by,Contacting
the ofganization through their e-mail: mathmatters.net
The MIFF Techniques are further discﬁssed in a 1994 Math

Matters handout.

142


http:mathmatters.net
http://www.mathmatters.net/index.htm

REFERENCES

Armstrong, Thomas. (1994). Multiple Intelligences in the
Classroom. Alexandria: Assoc1atlon for Superv1s1on and
Curriculum Development.

Battista, Michael. (l994).vTeacher Beliefs and The Reform
- Movement in Mathematics Education. . Phi Delta Kappan,
462-470.

Brownell, W. A. (1935). Psychological Considerations in the
Learning and Teaching of Arithmetic. The Teaching of
Arithmetic. Tenth Yearbook of the NationalCouncil of
Teachers of Mathematics. Ed. N. B. Henry, 1-6 Chicago:
University of Chicago. '

Bruner, J. S. (1960) The Process of Education. Cambridge,
"MA: Harvard University Press.

Burns/ Marilyn. (1994). Arithmetic: The Last Holdout. Phi
Delta Kappan, 471-476. :

Burns, Marilyn, and Tank, Bonnie. (1988). A collection of
Math Lessons from Grades 1 Through 3. Whiteplanes,
NY: Math Solutions Publications.

Burns, Marilyn. (April, 1986). Teaching “What to Do” in
Arithmetic vs. Teaching “What to Do and Why”
Educatlonal Leadershlp, 34 38.

‘Butler, Kathleen A. (1988). How Kids Learn: What Theorists
Say. Learning, 17(4), 30-34.

Caine, Renate and Geoffry. (1991). Making Connections.
Alexandria: Association for Supervision and
Curriculum Development.

California Mathematics Council. (1995). They’re Counting on
Us.

California Mathematics Academic Content Standards.
Prepublication Edltlon. (February 2, 1998). posted to
web site o .
(http://www.cde.ca.gov/board/kl2math standards.html) .

143


http://www.cde.ca.gov/board/kl2math

Carbo, Marie and Hodges, Helene.;(1988).vLearning Styles
“Strategies Can Help Students at Risk. Teaching
Exceptional Children. 20(4), 55-58. .

Charters, W.W. (1923). Curriculum Construction. New York:
Macmillan. ' ‘

Childs, Leigh, Choate, Laura, and Jenkins, Karen. (1999).
' Nimble with Numbers Grades 1 and 2. White Plains, NY:
Addison Wesley Longman.

Colburn, W.(1849). Colburn’s First Lessons. Intellectual
Arithmetic Upon the Inductive Method of Instruction.
Boston, MA: William J. Renolds.

Conference Board of The Mathematical Sciences. (1983). The
Nathematical Sciences Curriculum K-12: What is Still
Fundamental and What is Not. Report to the NSB
Commission on Precollege Education in Mathematics,
Science, and Technology. Washington, D. C.: CBMS.

Conroy, Mary. (1988). The Learning Teaching Link. Learning,
17(4), 35-43.

Dewey, J. (1910). How We Think. Boston: Heath.

Doll, William E., Jr. (1993) A Post-Modern Pérspective on
Curriculum. NY: Teachers College Press.

Dunn, Kenneth and Rita. (March, 1987). Dispelling Outmoded
Beliefs About Student Learning. Educational
Leadership. 55-60.

Everybody Counts: A Report to the Nation on the Future of
athematics Education. (1989). Washington D.C.:
‘National Academy Press.

Freeman, Don. (1968). Corduroy. NY: Scholastic.

Gardner, Howard and Hatch, Thomas. (1988). New Research on
Intelligence. Learning 17(4), 36-39.

Harap, H. (1928). The Techniques of Curriculum Making. New
York: Macmillan.

144



‘Kamii, Constance and Lewis, Barbara. (September, 1990).
Constructivism and First-Grade Arithmetic.'Arithmetic
Teacher, 36-37. ’

Kamii, Constance with DeClark,‘Georgia (1985) Young
Children Reinvent Arithmetic, Implications of
Piaget’s Theory. New York: Teachers College Press.

Kamii,vConstanée. (May, 1981). Piaget for Prihcipals.
‘Principal. 12-17.

Hiebert, James et. al. (1996) . Making Sense Teaching and
- Learning Mathematics with Understanding. NH
Heinemann

Inhelder, B., Sinclair, H.,’& Bovet, M. Learning and the
Development of cognition. Cambridge, Mass.: Harvard
University Press, 1974.

Leinhards, Gaea.’(1986). Expértise in Mathematics Teaching.
Educational Leadership, 33, 28-35.

Leinhardt, Gaea and Putnam, Ralph R.- (December 1986) .
Profile of Expertise in Elementary School Mathematicsb
Teaching. Arithmetic Teacher, 28-29.

Mathematics Association, The (U.K.) (1987). Math Talk.
Portsmouth, NH: Heinemann. ‘

<

Math Matters Tééhniques. (1994). California Department of
Education. Sacramento, CA.

Mathematics,Framework For California Public Schools
Kindergarten through Grade Twelve. (1992). Sacramento:
State Board of Education. ‘ S

Mathematics Framework For California Public Schools
Kindergarten through Grade Twelve. (1998). Sacramento:
State Board of Education.

Mathematics Program Advisory. (1996). State Superintendent
of Public Instruction, California State Board of Ed.
Cal. Commission on Teacher Credentialing. Web site:
http://www.cde.gov/cilbranch/eltdiv/mathadv.htm

145


http://www.Cde.gov/cilbranch/eltdiv/mathadv.htm

Natlonal Comm1351on on Excellence 1n Educatlon (1983)

” . Nation at Risk: The Imperatlves for Educational . o

‘“,Reform. Washlngton, D C U S Government Prlntlng ;"
Offlce..jm;a~‘ el DT Fl

AfNatlonal Counc1l of Teachers of Mathematlcs _(1989) »
Currlculum and Evaluatlon Standards for . School ’
Mathematlcs. Reston, VA.. NCTM.,‘if_ R

iNatlonal Research Counc1l (1989) Mathematlcal 801ences#'_
: Educatlon Board Everybody Counts: A Report to- the e
Natlon on the"” Future of Mathematics Educatlon a
Washlngton, D C.: National Academy Press

yNe1151, Llno,.and Wllllamson, Elspeth (1996) Sioné'SV;f,
o .fTalo.‘NY._ Scholastic. B i

tO’keefe,*h and L. Nadel (1978) The Hlpocampus and a
' Cognltlve Map Oxford Clarendon Press.h , - '

. Parker, Arnold (1992) What Work Requlres of School 'A,b
‘ SCANS Report for Amerlca 2000 21 23 SR

[.Perret Clermont, N A (1980) Soc1al Interactlon and ‘
’ Cognltlve Development 1n Chlldren. New York: Academic
 Press. : o R

:Pirie, Susan"and"Kieren Thomas. 11991)‘ A Dynamlc Theory of
' Mathematics Understandlng Some Features and- :

B Impllcatlons,,Unlted.Klngdom, England (ERIC Document
J‘~ReproductionvService*No Ed 347 067) o : o

QParker, Arnold (March 1992) Taklng Actlon on the SCANS
Report Educatlonal Leadershlp p. 27 31.,‘5 :

Sl‘Parker, Ruth E (1993) Mathematlcal Power Lessons from a

Classroom. NH Helnemann Publlshlng. R

Richardson,'Kathyll(1999)‘vDeveloplng Number Concepts
Countlng Comparing and Pattern. Whlte Plalns, NY:
Culsenalre Dale Seymour Publlcatlons =

| :RiChardson;\Kathy; (1997)3_Thinking With Numbers”(Set of 2
' videos). Oklahoma: Educational: Enrichment.. . = = '

146



Richardson, Kathy. (1990) A look at Chlldren s Thlnklng ”
Video I: Assessment Technlques, Video II: Assessment
Technlques Comblnatlons and Place Value. Oklahomat
Educatlonal Enrlchment . : : : o

“j)Schlechty, Phllllp C (1990) New Purposes for a New Era

K Relnventlng our Schools Schools for the Twenty—Flrst
Century Leadershlp Imperatlves for Educatlon Reform.;”'
San Franc1sc0"Jossey—Bass.._ 7 SPERUPINTE LI

;ﬁShepard, Lorrle A (Aprll 1989) Why We Need Better
‘ Assessment Educatlonal Leadershlp g

Simon, Martln A,. (Aprll 1986) The Teacher = Role 1n'
' Increasrng Student Understandlng of Mathematlcs
Educatlonal Leadershlp 33 40 43.,,,5

,Steen, Lynn Arthur (September, 1989) Teachlng Mathematlcsl
for Tomorrow s World Educatlonal Leadershlp, P 18-

Thorndike, (1913); Educatlonal Psychology New York
Teachers College, Columbla University. SR ‘

‘h Van Engen, H. (1947) Place Value and the Number System -
 Arithmetic 1947, ed. G. T. Buswell, 59- 73.»Chlcago,‘y
IL: the Unlver51ty of Chlcago Press L e

Walsh Ellen Stoll (1991) Mouse Count NY Harcourt Brace
L& Company..ﬁw“‘ » R ‘ L .

Wheat, H. G.»(1951) The Nature and Sequences of Learnlng

‘Act1v1t1es in Arlthmetlc The Fiftieth Yearbook of thei'

NatlonalSoclety for the Study of Educatlon, Part II:
- The Teaching of Arithmetic, ed. G.T. Buswell, 22 52
: ,Chrcago, IL: The Unlver31ty of Chlcago Press '

147



	Developing understanding and fluency with numbers
	Recommended Citation


