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CusToMARYP ERSPECTIVE— C URRICULUM AS P RESCRIBEDC OURSE OF S TUDY

Typicaly, mathematics and so-
ee anob  tet s as Boked
enies  wih lie atempt  medeto
connectthem. Aweekofstudyof
photosyrthesis might folow  a week
o sudy o the s, but connedions,
whenthey ae made, ae ether  super
fod o comefon eader  nibive
andknowledge, notfromtheK—12
texbooks. Bven themaic  unis  tend
Dy ononed D coned fopcs
wih e Obersie iniegaion o
disciplinarycontentorcognitive
wok agoss the vaious Sbed  aress
tet comenio pay.

This  oganization of sudy makes
it oneet b oEn oos A
atiraiy, D gak s Paly &
ares, oweae b geedy  vaed
overunderstanding,andadherence
topredeterminedtimeunitsfor
sudyjng atopc (sedom longer  then
aweek or o) becomes as important
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away of measuing sucoessl teachr
g as sudet sooes  on Sandadzed
s  Tedoook quesios, ofen usd
as modes o teacherdesgned e,
ed b d o oewod e
blank,or,atbest,short-answer
responsesthatmatchtheanswers

©Oen a0 een te ead wodng) n
the textbook. Those memorized
responses  ae easy b gade—and easy
D ‘ean’ Sudens hawe o tme (@d
noneed © ik n deph, © eqan
ther reasoning, t undersand each
other'sthinking,ortoraisenew

qesios. Al o den te quesios
dbk e ae gen sat shi
becasse of the necessty 1t reman on
schedule, orbecausetheyseem
pephed 1 te tpcs a hand Ben
n te ber gadks sudes ae
domencouragedtoengagein doing
and using scienceandmathematics

o investigate and sove poblems  as
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NewPerspectve—NewPractice

... afed fom pae 1

Scentists and mathematicans do, or
even as nonscentsts do a homeor
ante o

Thistraditional, prescribed
armoum a0 kaes ik
teacherstoengageinanddeepen
ther ownunderstanding  of sdence
andmathematicsandoftherich
intemelationships acoss  those (o
oher) subedt aeas. Particulady
whenthe course of studyina
dassoom s ddated by a texboook,
teachersare askedtomakefew
makingtends,instead, torevolve
around dassroom  management rather
thanaroundstudentthinkingand
understanding. Socaled ‘teacher
pod’ omoda  adely  eque  te
teacher 10 do litie or no thinking
about the ideas they are teaching.
Because teacher invobement in the
developmentofcurriculumisso
undenvalued,  ther  participation,
een whentey are nvoed, s gen
edy imed b idg nrewoes
to senve as the backdrop or medium
ofinstruction. Determining what
content wil  be pusued and to what
deph 5 O ofen  seen as beyord the
scope of even the most experienced
edes

room for

h the MMSayproath
bedas ae muhnoe ten

aily nobs adgak

New P ErspPecTIVE—ORRICULUM AS WEB OF
| NQUIRY IN A C onTENTD omAIN

andcollaboratingteachersand
researchers,intheirModelingin
Mathematicsand Science (MIMS)
poed, ke afundamengly  diler-
ent approach. They view curiculum
asawebofinquiry— purposeful
inqury  desgned by te teacher and
do ad keam, the compete dassoom
ecologyrelatedtostudentunder-

sandng in a domain.

Teachers not ony plan discete
but also pln, evauate, buid, and
continuouslyreshapeexactywhat
isstudiedandhow,withspecific
aenion 0 sudent tirking  ad the
development  of deep understanding.

Awebofinquiryinadomain
involvesmanycomplexconnections
topreviousknowledgeandextends
those ocomnedions n ways tat  buid
newstudentknowledge. Webs of
inquirybeginwithquestionsthat
comefon te Eade, o ate o o

qgics  someimes aose bu B dien
by inqury guided by the teachers
knowedge o the mahemaics o so
ence 0 be taught  Because teachers
determine  which broad concepts are
D besded (g, dage oer g
decomposition) and desgn chans  of
inquirytodoso, theymusthavea

der udesandng  of the imporant
ceta  oconoegpls of stence and maih
ematics, of the connecions  across
mathematicsandscience,andof

the skils  students need o extend
o appy ther knowedge.  Spedic
et g, ored ) ad gEd
tasks (g, usng compost coumns,
studying bread mold) may be deter-
mred, n pat by Sudens quesios

adaidy  astey pafiee n te
poess o oy,
Adoptingthisperspectiveof
curriculummeansthatimportant
cenral  concepts  of mathematcs  and
sciencebecomethefocusandsub-
sance of poonged  stdy:  They can
nolongersimplybeconsignedtoa
pertcuir gake e Moe akenion
is pad to what sudents study (ad
how) overmuchlongerperiodsof
ime . For example, sudents  eatly
epaene  daaceidy vaein n
gomh and development (n  plants,
pethaps) may be dawn on in a later
gade whenthey search for explana
s o vaan  besed on pingoes
o evouton. Undeslandng  ard this
kindofcontentknowledgedonot
simplyhappenbecausecontenthas
been pesaied o ‘devered’ cealy.
Ifstudentunderstandingistobe
asfullandcompleteaspossible,
Oefberate aftenion  must be gven
to making stong oconnedions  across
sidens  webs of inqury,  induding
stong connecions across - mathemat-
icsandscience.Caremustalsobe
ken © desgn wels of inquiy  such
that student understanding — deepens
andbecomesmoremature,complex,
ineroonneced, ad omd ower e
Inthewebafinquiryapproach
wed n the MMSpoed,  Eades  ae
muchmorethanactivitymonitors
and grade keepers: They ae desgn
es. Teachers must ensure that st-
denis  engege Wih wotwhe  conent
and that they leam and understand
thet oconet wih accuacy ad deph
They mst see et the tads  sudens
camyouthave pumpose  intermsof
ther webd inguly.  As iustated
intheclassroomexampleandthe
commens et fdow  h the net sec

tons, teachers daly make a myrad



AWebofinquiry

of substartie  dedsions  that shape
students’web ofinquiry over
etended peiods o tme.

Sudens  are more then  human fie
s h webdinuy cbssooTs,
they particpate n mathemaical and
Sariic nuy. Guded by eades
mal © fomal ideas N adoman, fom
wooeig about o dong mathematics
and sdence.  They fomulate  precise
questionsandconjectures,design
ways b test those conedures, make
careful  observations, gather  data,
representandmakesenseofdata,
drawconclusionsbasedontheir
data,andformulatenewquestions
andhypothesesbasedonwhatthey
havelearned. Studentsinthese
cassrooms  kean  and use sdence  ad
mathematics N ways that  scientists
andmathematiciansdointhereal
wold Theresk & oeesad  sudet
neres, ovesp o ter wok ad
deeper understanding of content

hoat @id ams o
materdas  ad soace beaore
te tas ad
Stsare o pooged S0
tey acnmobgr teasyed b
amblr  gak bd
adme s aan
bt does menta noe aein
msg be ppd b wa e
sudy (@nd how) over much
brger  peiods  of ime

Overview
MIMS WEB oF | NQUIRY

Athough modeing s cental t the pracice  of mathematics
and scence, students ofen do not leam to use modeling unt
the uppergrades. Furthermore,importantcentralideasof
mathematicsessentialto constructingand usingmodels—
geometry of space, measurement, uncertainty and
probabilty, dala and statistcs, and gonth—are not typicaly
emphasized (andoftennotincluded)inschoolmathematics.

Butsupposestudents,beginninginfirstgrade, studied
theseareasofmathematicsinaclassroomthatdeliberately
cultivated students's use of modeing to mathematize the world
aroundthem, tosolve problems, andtotestconjectures.
Howwouldthisaffecttheirthinkinginandleamingofmath-
ematics? Supposethese studentsthenbroughtthe knowl-
edgeandunderstandingtheyhadgainedfromthisstrong
modelingapproachtomathematicstobearinaninquiry-based
studyofcentralideasinscience? Thesequestionsandothers
guidedtheresearchdone by Richard Lehrerand Leona
Schaublethroughteacher—esearchercollaborativesinMod-
elinginMathematicsandScience (MIMS)project(fundedby
the National Science Foundation, the James S. McDonnell
Foundation,andthetheNationalCenterfor ImprovingStu-
dentLeamingandAchievementinMathematicsandScience).

The major thrust of this work has been the use
ofmodelingtostudytheimportantcentralideasinmath-

. . erkniainoiopesh
designingclassroomsthatfostermathematicalmodelingand

Althoughmuch ofthe MIMSwork hasbeeninmathemat-
ics, the dassoom exampe that folons this atde  focuses on
scienceleaming. Commentsfollow, firstontheclassroom
example  itself; then onthe proect as awhoe from a teacher
whohasparticipatedintheMIMSprojectsinceitsinception,
from her principal, and fromaparentwhose child has
attendedMIMSclassrooms.




NewPerspectve—NewPractice

AClassroomExample

hte  te et M R aa he Kgak 486
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ArpLEs T oMATOES& Q UESTIONS—BGINNING A WEB OF | NQUIRY

Ms. Puz generdized  the quesion
to"  Whydoyouthinkthathappens?
ing the ensuing discussion, sudents
specbtied  tat te sun had something
b dowh t Bouaged © ik o a
way o find out howthe sun affects
il  sudes  sggesed  puling some
fut N te sun, then watthing what
and everyone agreed that bananas or
tomatoeswouldworkbestbecause

they change rather quicky, and in
ways easy O see
Thenextday,Ms.Putzbrought

geen tomatoes O dass. Buldng on
asked,"Howdoyouthinkthesun

helps change the cdor of the toma
toes?’Moststudentsconjectured,

‘Because te sun gves  ight” Again
encoraged to tink of away to test
ths idea, Soens  quody  sugoesied
puing oetmadb n te sight  ad
anoher somewhere in the dak, then
walng © s f oo dae reued
fom te dieece hn gt te oma
s moeved  The stdes  negoibied
adeetdy ageed asadss D pu
onetomatoonthewindowsilland

anoher elsewhere  under a coer ‘D
see what happens” Then, however, a
sudent, drawing on informal  knowt
edge, raised arbed quesion,  ‘Bu
thesunishot—Doesheatmatter?”

Oher sudens & ts  wes an impor-
tat quesion, so the dscusson  now
encompassed o vaiabes  (things)
D oosl bt adhea

4

.. 2 Conig Tog
Encouraged by Ms. Puz,  students
hyooheszed ways© &t the e o
hest N omed cor dage A g
some siudents  suggested  puting  one
tomato onthe window sl and one in
e eitgan, Bdy ey te
te daa they ocdeced the tomaid on
the window sl woud gwve them in
fomation about te efeds of boh
igt and heat on cdor change. Asa
dss te suks a0 bdeed ta
obsening change in te tomatoes in
these two locations  would be a good
et  Noing that sudens were not
Sspaaing e o vaidbes n ter
discussons, Ms. Puz asked probing
guestons:  ‘Is the window sl the
warmestplaceintheroom?"How
doyouknow?"Canwarmplacesbe

ign”  “Ae al dak paces cod?”
Such quesions  hefped sudens ik
moredeeplyabouttheproblemand

aou te &t tey wee deviag

As studentsdiscussed and
desgned ways t0 separate  the rdes
dfightandheat,theytouchedon
severalimportantscientificand

Al atoogh daassn
adaogbdn o qos
Sl ageed on four
aths ey b &
hovt adhest dd ar
dae h braos

AF IRsT-GRADH NQURY
INTO D ECOMPOSITION

Thefollowingcomments
are based on material
epaned in deal in ‘Desgn
ing Classrooms ThatSupport
Inqury” by Lehrer, Carpenter,
Schauble,andPutz(1998)and
in“Modelingin Mathematics
and Science” by Lehrer
and Schauble (inpress-b).
Capturingthe scope, depth,
and complexity ofthatwork
or dong jusice o the ground
ing studies of amodeling
approachto mathematicsis
mpesste hee N s atide,
we touch only on a few
importantpointsandinvite
youtogotothe sourcesto
readmore.

mathematical  ideas, in firstgrade
tems,  defniions o gt ad dak
for example. Swudents had o dedde
what ‘couted  as dak” s one loca
ton n the dessoom ‘ss gt & o
‘es dak a8’ awvher locaio? Doesi
mater? Sudents aso had o define
warmandcold. Theyeasilyagreed

thet te refigerator wes ‘ood”  but
whatlocationwas“warm?”Some
thoughtthewindowsillwasthe

wamest ‘because s doset o the
sun.”Otherswerenotconvinced

because the weather wes cod. (When
one student suggested using  a ther-
mometler © find out whether the d
was wamm, teacher and students  took
an edended dgesson b te aea

of measurement)
After athoough dscusson and
consideration of optons, students

ageed onfor condiions  necessary
o ‘est’” howlght and heat affect
oo denge n tomabes.  They placed
omees @ n te wbvd abit
and cod pace, () in asunny spot
awayfromthewindow,a lightand

warplace,(C)underacoveraway



AClassroomExample

Gen te wdin o te oapss by ks e
et aeed ta te pheomem ey wee dsavy
ves o brger ey’ Lty

Theyvee honee, 4 mesdy neesd

n we vas

hgpety oty tud apae ale whee te
abd pt te brabes ad e g dsdns

fromthewindow,a darkandwarm
g, ad@ h te egeen, adk
ad od pace  Sudens ten waied
wih gest nees  and anidodion [0
see ‘What wil  happen”
g Fom Of .
b eyrs

Lehrer and Schalbe (N pressa)
adlaor (190 e@an n dd  te
Ve e s isgios By h
developng undersandng  and skl
inmathematicsandscience.Such
gahs b o pe dats s ime
lines,arrangementsofphysical
obeds, physcal models, and math
ematical  fomuee—in  shat,  anything
suceris  poduce © eood,  sUMMANZE,
dey, o adyze tar  dosevdios
and daa

Byasdg qudng ouesions,  Ms.
Puz heped dudens redize  tat they
needed inscriptions of ther tomato
observations.Studentsrecognized
et whot tes tey gt nat d
rememberthesamethings,"orthey
‘might forget  someting  important”
Atfirst studentsdecidedtomake
danings of te tomaes, which suf
foed uii the tomatoes began o get
Sy sl ad s begn
D un o’ o them

Asthishappened,colorbecame
more problematic o depict, and new
decisionshadtobemadeabouthow
b & ta mopos D dow‘to-
ing’ and ‘degee  of souishiness” It
was ot asmpe mater t© deode how
torepresentadequatelymorethan
simpe odor change in the tomatoes.
Duing exensive  discussons  about

ts, Ms Pz ased poing  quesiors
o hep ddens foous on dange over
tme and on e type and quantity o
el tey needed © recod 0 ther
inscriptions that woud enabe them
ber o daw ocondusions, formuete
new hypotheses, and pose new ques-
of inquiy.  Wih guidance, students
wee ade D negoie doce o odor
sedngs D repeset UshEsS.

. i
based on ore dmenson  of the physs
ca oondion of the tmatoes a te
fme o ter dsossn  Oresidet
in ning t makesense of the daia,
miced ‘sot o apden’  The omebd
n te wndow d ad e tomab in
te refgaa bch o peosy DK
by © dae Bease te dudeis
hadoriginallymade nospecific
coneciures  about the role of heat
(althoughtheyhadwonderedabout
f, te ocondeson ta ood ‘made a
difference”wasnewandsomewhat
upiEing iniomeation b them
Another student, also tying
makesense of te daa, obsenved thet
ofalthetomatoestheoneinthe
refrigerator and the one under the
coverintheroom*“changedthe
sowest”  To encourage sSiudents to
thinktheychangedtheslowest?”
The student  reasoned tat the other
tomatoeshadchangedcolorfaster
“becausetheyhadlight.”Atthe
begring o te epaimet,  Sudens
opdued  ‘tet gt maEBEEd’ tet

5 tet gt bogt aot o hesered
cr dage Sudens were sasied
tat ter deeweios o te omeEDSS
Tohelpstudentsconsiderboth
vadbes adb bk ad ter dg
Ms.Putzasked,"Sodoesthismean
thatlightistheonlyfactorin
the changng color?” This question
seaked albng dsousson  and enoour
apd sders © bk a te eoods o
ther oObservaions aswel as a the
curent  siate  of the tomatoes.  They
carefuly considered  what happened
totomatoesinalifourlocations.
Sues noiced tet te omeD N te
locationwithbothheatandlight
daged the feses;, and the one wih
neitherheatorlightchangedthe
sonest  The change in the tomatoes
in locations  wih only heat or only
lightwas'inbetween.”Students
concludedthat both heat and light
“madeadifference, thatis,both
foos ocomued 0 adxr dage

TomMATOES P UMPKINS
New Q UESTIONS—
Making Connectionsand

Exerding  the Webof Inquiy

Gien the condiion of te ma
s byts e sk ageed te
the phenomenon they were observing
wesmo bnger ey’ but ‘ioling”
They were, however, sl intensely
interested in what was happening, <o
they found apace ousde D put the
tomatoes and contnued  ther  obser-
vaios.  Abt Be, sudes  noioed
signsofrotinsomepumpkinsthey
hed caved @er usng tem o sudy
measurementinmathematics)and
wee qie  eded

Budg onter pevous kot
edge andunderstanding ofboth
bmeb @ ad o te poes o soen
comparedwhatwashappeningtothe
tomatoesand pumpkinsandmade
nsapios o her dsvaos ad
specuaions. They noiced  tat  tomar
es had mod on te ousde, whereas

AND

5
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... ahal fon @es
pumpkins had more moldonthe

nsde—a deence  they oonedured
hed oooured  because the s o the
pumpkinhadmorespace, air,and
wetness. Comparing the fast change
inthe pumpkins, whichtheyhad
caved, wih the sow change in the
tomatoes, which tey had nat caved,
sidens  comeded te diference ©
the canving. They obseved that the
tomatoes changed coloronthe
outside, but the pumpkins dd nat,
and that the tomatoes dd not get as
sot as the pumpkins. Students akso
notedthatboththetomatoesand
pumpkinsbecamesofter,decom-
posed, had uice coming ou, changed
shape, and got moldy.
Observationsandquestions
foned  “Thee ae dierent kinds o
mold” “How does mold happen?” ‘Is
t dfferent for tomatoes tan pump-
kns?' ‘“Why dd pumpkins rot faster
than tomaes?” Al ageed, honeve,
thatobservationswerebecoming
more and moe dificuk becase of te
ocod weaher and snow. Sudents  were
&0 amed sart ot an
dusons about te efet  of heat on
rotting, that not muchwould happen
o te omapes il g

hodaoy Mooy
Usingstudents'interestand

enthusiasmasanopportunityto
eed ter den o iUy, Ms Puz
intoduced anewand puposeid  todl
o nuy. Seaded sudes | otey
tought & migt behepi 1 makea
compost colm out of dear,  2ier
bates t© modd te miing  pooess.
Studentsreadilyagreedthatthis
would be beter,  espedally
winter,than“watchingthepile
ousde in te dit” Ms Puz asked
quesions that encouaged Sudeis D
thinkmoredeeplyaboutmodeling
g, “Whywoud wedo ths?” ‘“How
wil it fhe compost coumn] hep us
undesend  10?)

during

Students'initialapproachto
making tis model was to repicate,
in mnatre, what they saw outsde.
Accordingly, they agued for indud
ingtomatoes, dirt,leaves,gum
wrappers,andevenapieceoffoam
and for watering the columns ‘lke
ran” Ms. Puzs probing questions
guidedlengthyclassroomdiscus-
door condios  were essenid © the
functionofthemodelandwhich
od beet o tey dd i for ex
ample,includegumwrappersand
foam.

Guded by quesions that encour
aged students to think more
analyticallyaboutwhatphenomena
theywantedtoobserve,whatthey
wanted 0 know, what questons  they
wanted to answer, and what factors
‘eler n iy (e, ded  dboom
position), sudents  decided t make
twocolumnsusingtomatoesandto
keeponecolumnwarmandonecold.
Becausetheywereinterestedin
making comparisons, they also made
o smiar  coumns usng  pumpkins.

Odans  &qesos ned
‘Tee ae deat ks o mdtt’
‘How does mold hagpen?”’
5 t deat O thexs
ten fr punpkds?’
‘Why dd pumpkins
a & tn oraoes?

MbRE O BSERVATIONS
M  oreC ONCLUSIONS
M OrREQ UESTIONS—
NewAvenuesin
Steets  Webof Inguiy

Obsenving Mot
As sudents  abseved e compost

coumns, they noticed more and more

mold, which quickly became a focus

o aenion  and nieest Whenguided

tothinkaboutwhythemoldwas

there, most sudents  attributed the

presence of the mold to the

presenceof‘otsofdeadthings”

n te ocounrs.

To encourage  students  to  think
more analytically and to use therr
observational data o suppot ther
oonedues, Ms Pz aded £ d te
columnshadthe same amountof
mod  Sudents dbseved that one o
matocolumnhadmoremoldthanthe
de. Poig ot tet d te cdms
had the ‘same tings [n addion o
the tomatoes and pumpkins] in them
o begn wih” Ms. Puz asked st
dentswhythatcolumnhadmore
mod Noidg ta te coums n te
refigerator hed less mod, sudents
suggestedthat“beingcold’had
something © dowih it

Onestudenthypothesizedthat
“maybe the moldwas growing.”

Ohes tougt that wesapety wid
dea—mod it ave” ot ‘tant
gov’ At this pont, sudens Sl
assodated  mod wih  “dead  things,”
and, o tem, the amount of mod wes
somehowinexplicablyrelatedto
nocausalconjecturesgroundedin

ther obsavaions and tat they had
dismissed the notion of mold being
ave, Ms Puz desgned an extenson
o ter den o imiy te dsava
tionofdishesofwetbread,which

began to mold withn a shot period
ofdays.Ms.Putzmadeavailable

magnifying  dgasses and micrascopes
sostudentscouldmakedetailed
observations  of the bread mold. To



AClassroomExample

Ogte auxe dte ya&
408 beare noe ddbaae
n mady asevaos ad
reas dta adg noe
speaed . pEy qehs
medy apdes  ad
eygTy epanet b ave
te qedos  av moe agt
a ygoty g
eesary  wh edbre

hep sudens know what o look  for,
she aso showed avideo about fung.
Studentsobservedthatthebread

mold had “something lke stems on a
pat’ and hed ‘diferent shapes’ on
top“kindoflikeaflowerpart.”

Comedig ts  dbsavatordl daa
the  continuously increasing  amount
ofmold, bothonthebreadandin

ther coumns, sudents eventualy
concduded that the mold realy was
leaves,dirt,andtomatoes(which

seedy  dsgpeared) wee ‘ood’  for
te mod They aso conduded thet
they sopped weleng  ther  coumns,
the mold woud die.

Omvy AU Aes

Sudes moeed U B N ooe
of the pumpkin compost columns and
wonderedwherethey camefrom.
Remembering that someof the pump-
kins had woms, some students  con-
jecdured  that te woms had ‘tumed
m u &’ Bouagyg dudets
D supot ter daements wih ew
dee (s wes by mow, te  esabehed
norm)andtomakeconnectionsto
previousknowledge (fromastory
about the e ode o inseds) Ms.
Putzaskedstudents,“Howdoyou
coredue by repaing et tey hed
noticed bumps’onthesideofthe

compostcolumn. One student,
diged  wh hs g, s CTe
lbvee twum it bumps on the wal.
Trentey hach o fut fied  The
fu fs B moeegs adte egs
sudet pped wp, ‘s st ke te
Complaintsweresooncoming
fromallovertheschoolaboutthe
peskypopulation. Capitalizingon
this  opportunity, Ms. Puz and the
studentsbegantodesignanother
exension in ther webof inquiry.
Sukes odeced e by dong fu
flycountsineveryroom. They
decded tet degpaying  ther daa on
aschoomapwouldbemosthelpful
indrawingconclusionsaboutthe
dgesd o te b s Fonts
map,studentsobservedthatfruit
fles wee astey epeced N lge
ooncenrations ner ter dassooms
and,surprisingly,insomeareas
farfromtheirroom. Aftersome
disoussion, they realzed tat those
areascontainedlargeamountsof
food. Encouraging students o make
predicions besed onther data, Ms
Putzasked, “Whatdoyouthink
willhappenovertime?’Students
predictedthatwhenthefoodwas
Ben avay o fan o, te fut  fies
wouldbegone. Theirsubsequent
dseios wied e peddn

(V3! oz og] ad Urnbesady
In the sping, sudents resumed
deneios o te ming ©oneD pe

ok T deeios vald te
acucy o ter modes the compost

Sk g
coet  knowkedge—
heg aot ceompodn
gwh o g  my
aldte B gk dii b

thouwh  pupasell  inquly
areed b peas konkde
eedy wda tey kow

bte agudn o

new knonece.

cdumns) and gave them confidence n
the condusons  they had drawn and
the conecures  they had made based
onte modes. Ower the ocouse of te

tures, and desgnng expeiments
answertheirquestions,andmore

adept at suppoting  their  reasoning
withevidence. Studentscameto
understandscienceleamingasan
everhudg poes o iy  Eher
thanthe openingandclosing of

dsoee  padeges of soaied  hbs of
knowledge. Theyhad done science
a6 JEnss ad coreb degper Uk
sendngs by dong s,

Note that gaining content
konedle 5 mpolat n ts iUy
process. Studentsdonotsimply
memoize fos urbied O epaee
orotherknowledge. Theydonot
egae h soeed giotes o ‘ade
kg fr te e o bag ade
sead, suders gan oot knowk
edge—here,aboutdecomposition,
gonth o (M) mad, and the e
ok o fu fs—hooh ol
iy oomeced © pevous  knoat
edoe, exendng  what they kow o the
construction of new knonedge.



NewPerspectve—NewPractice

The following comments are
based on material  explained  in detall
in “Designing Classrooms That
Support  Inquiy’ by Richard  Lehrer,
SusanCarpenter,LeonaSchaubleand
AngiePutz(1998)andin“Modeling
in Mathematics and Science” by
Lehrerand Schauble (inpress—b).
Capturingthe scope, depth, and
complexity ofthatworkor doing

CommentsontheClassroomExample

STUDENT AS S CIENTISTS AND MATHEMATICIANS
h te MMVSqpoath & Lgiaed n te cassaom eank sk
b materats adsere  They ae SRS ad materaas m
hte @@ o laig te tknn  nEuy o poestes b te #]

bt @ay h te g o paiy s adndards & apoes
od muy addepy ee dgr konkde ad urbsady

Mookig

Makingandtestingmodelsis
cetd b padidyg mathemaics  and
stence and, in e MMSproed, B
ed D emeaysthod s
laming  and understanding. Models
are not poduds, fnished once and
peseved n tat fom Moddg s a
pocess |, atod  used by soeniss ad
mathematicians, not ony to answer
gQefs bt D fuilly eed wds
of nguy. Modes ae made, tesked,
aredrawn,hypothesesformulated,
new questions posed, and the
ode  repested

Lehrer and Schalbe (n  pressh)
proposeataxonomyofmodels(see
Fore 1) A aeedd te oconhuum
aremodelsbased primarily on
resemblanceandsimilaritytothe
phenomenon beingmodeled, the
reeret ssem At te aoher end ae
models based on rekional Studure
and andogy, beaing litle, if any,
rsembbne © e Eeet g9EmM

In the dassroom exampe, fist
gradersmadeamajormovefrom
smpy mekng dred  dosenatios o
miihg © udg amodd, te ocompost
coumn. Usng such aphyscad  mao

cosm of the referet  system s, for
Sukes o ay age woae nrewb ts
knd of fikg,  anessy ey port
o te padce o moddg Asdu
dents gan more and more expetience
wihg modeding asatd for inguy,

theytendtoemploymodelsthat

n te Feet  ssEM moe ten tose
that pimaily  bear physcd resem
bance to that system. This shi,

as Lehrer and Schaubde port ou,
essental  for developing  both deep
udesendng  ad te abiy 1 use
stence  and mahemaics 0 inerpret

real  siuations and solve problems
geaed N toxe dEos

The meptat suders  doe © e
o make conedures  and predictions

about the fuitly popuation  wes a
representational system.Students

cose ths particuiar modd  pupose-
fuly , not through mere chance. By
Wy angb dyky  fudy oLk
BHn dgy med o o eane
abar gagh o e, dudas  ready
medeconedues about Wiy more fiuk
B gpeed hn@en bEos @6,
peoes wih awebbe  food.  Suderis
bogt O bexr ey ealr epaEe
wih mahemaical modeing and deak

jusice 1t the goundng sudes of a
modelingapproachtomathematicsis
impassiblehere. Inthisarticle,we
onlytouchonafewimportantpoints

and invie  you to go b the sources O
readmore.

g wih dia Leher and Sdabe (0
press-b)explainthedevelopment,
impoiance,  and iniemelationship of
Sudents  epeiences  h modeing n
mathematics t© ther  webs of inquiry
n sE®e

Dady hsgpos
aclassroomnorm, the needfor
tostudentsastheycollectdata.

Insapions heb them moe acouaely
rememberwhattheyhaveseenand
enablethemtofocusonandtrack
changeovertimeinthephenomena

they ae adbsening. Asdudens  gan
epaience  and maue N understand-
g ta  sopios becoe inaess:
gy methemaicadl h ree.  Lehe,
Capenter, Schaube, and Puz (1998)
gve an exampe n whch fithgrade
students  extended previous  exper
enss n Mmooy dala b develp e
gaps and fequency  plos 0 dsply
data about comparave gowth rates
o bvee fd wh two dieet knds
d ood

SyNTACTIC MODELS

P HysicaLMicrocosmsR

EPRESENTATIONAS YsYEMSH

YPOTHETICAED EDUCTIVEM ODELS

® planetarium
@ teraium

@ compostcolumn

® map

® diagram

@ fippng acn D
represet  bids  choioes
inforagingfortwo
avaiable  kinds of food

® obseving the behavior of biliard

bk astey oide a dieent peats
tomakeinferencesaboutgases
andpressures

Foue 1 Aonomy of modek.




Commentsonthe ClassroomExample

Fhgat  d4b6
ekl paos  epeaes
n nody i b deap
he gaifs adieqpery ps
b gy B aat anade
gwh s o Bvee Ed wh
o deat kb o td

Aste den o muy eeds ad
thecycleofmodelingcontinues,
insaipions can eiher  fediae a
cosran  ocondusos et are dawn,
newquestionsthatareasked,or
agumas tet ae made, as eaed
n te qedos asig fon te map
d fuly rEsHs adn te ey
deeos ddg omeees h d
another example, the fith  graders
gowing larvae  (Lehrer,  Carpenter,
Schauble,&  Putz,in press)had
speculatedatthebeginningofthe
epeiment  tat gomh rae and size
o bnee wee dedy mbed D e
longewy. However, afer lookdg a
ter ealy e gaphs and frequency
pos, sudens danged ter  hypoh
ess.  Ther insaipion suggesed 0
sudes tet ‘Bvee  tet gow feser
adbpy dnt e as by’
an important  window on their  think-
g eopos oe Edes awdk
ftace, mt oy o Swens  ressoig
a the moment, but also of change in
gt psse D dae addoss an

Teadas as Deyes
Though inquity  may be iniiated

by duderis auiodly, ddes  dom
have the foundational knonmedge in
mathematics,  sdence, and leaming
necessaly b ocondud  a comprehensive
webofinquirythatwillresultin
leamingwithdeepunderstanding.
Teadhers, usig  cumiouar materials
ad adMiies ay, edbode o o
net te cnedt o kang N ways
thatensurethatstudentsintheir

dassrooms  study important  central
oconceptls N sdence and mathematics
ad et te udesandngs  sudents
doep ae acuae ad ich

Oneof the most powerful  tools
eades hae 5 quesinig Teadhers
e quesios st the dedion of
sudy ad b gude sudens b new
avenues in agiven web of inquiry.
Teadwes tough te use o pimady
openended questons,  can encourage
sudents © gve evdence and sden
fic ~ or mathematcal amguments to
suppot  ther  oconedues o condu
sons.  Though the exampes teadhers
st adthe noms of nquy tey es
BtEh  sudes nkan D quesin
and chalenge each other—and leam
whet corsiues agood cuesion, et
ous & eithre we sews s
ddion o acondEm

Teedes cn hep sudes  daiy
for inquiry by asking why students
thnk something s tue o howsome
thing happens, or by epaning  how
cemes o assem ae ebed h te
classroomexample,whenMs.Putz
saw that students were confounding
te éleds o hest ad gt  ontomeD
cdor change, she dd not tel them
whatwaswrongandhowtofixit.
Isead, she asked quesions  such &5,
s te widow d te wamest pace
nteon? ao's gt te ay tig
that maters?”  Benualy,  Sudens
tersdes sbd onadessc  twoby
Wo epeimenal  deson  (howh  they
dd t uh) T poes ok
bger ten f te eade hed hed the
sudents folow aset of preplanned
seps, but the sudens developed a
betterunderstandingofwhatthey
were doing and why.

To inroduce  students to a new
od o © nudge them dong n tink
ingaboutmodels,teachersmight

mdegedc sgEos h te dss
roomexample,atatimewhenstu-
dentswouldhavebeenstymiedin

e hetdn d dg Ms Rz
noduced  the idea of usng  compost
columns:  replication N miniature,
modelingatitsmostbasiclevel.
Ms.Putzdidnothandoutasetof

Tedes 5y amb
meges ad atés ay
ok a a hat te aet
d Bnyg n vasta ere
td 466 h B =T
oy npoat  etd oS
n sexe admaterass ad
| te utesadys  4B6
bdp ae awake adih

directions to be foloned;,  rather,
sudents, trough exdensve  discus
eady wa © nde n ter nmod
Ths poess foosed e aein o
te fmn o te ‘ngedeE’ n te
compost coumn, which ked  eventualy
to ther exduding such eements as
gumwrappersandfoam.

Dung te edended invesigaion
of roting, students  showed intense
eest n mdd Ms Puz reocognized,
honever, tet tey hed abesc misoon
epn Md cddt beae Tohdp
sudents  investigate ts, Ms. Puz
desgned away of enabing students
toobservemoremold, thistimeon
bread. Shealso showed avideo about
fungi 0 hep students know what
ok for astey ngeded ter  bread
mold under a microscope.

Ms Puzs quesos h tee ad
oher  duaions, enouaged  Sudents
D fn te dss o te nestEN
tomakeconnections,andtodraw
suppoted  condusons . Ms Pz gawe
Sets momb ik mt arge b
Btbn Bengl, by omedg e
observationsofthemoldinthe
compost coumns, which increased  as
oher mateid  dsgppeared, 0 ther
deeneions o the bead mod ad the
nomation  fom te video, sudents
addd te nddg d& d de

Ms. Puz coud have smpy tod
thestudentstheywerewrong(that
md 5 &, domnte ko D poe
t adnmoedon bsead de desged
amedEn o ta webhd muy ta
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resuied
knovedge comeced meanigily 0
s tey deady kewad udasod

THE N EED FORS UPPORT

The new parspedive and new prac-
ice foseed by he MMSpoedt  can
aly bessaed byspat tet Eah
es addbs ot iy EEe

s
Tosudy scence through  inouiry
ad b ue mahemaicdl  modelng, S
s need subsanidl goudg,  owr
aneeed paiod o imne h aess o
mathemaics  nat typicaly emphasized

o te MMSpoed  hes been b devep
thee foms o mahemaics  Moeow,
sudents  need oppartLniies b puse
aamuave and coherent  cumicuium
ngae mass o 2wek ‘Ul
tda dord hid cmexh der Sudas
inMIMSclassroomsgainextensive
expeience, owr te ocouse o ther
earaaysid yeas , n tee dorers
o mathemaics  and sdence.
Teadss

Teedes aswd asdudkts  mexd
Qopartuniies b egae n dog mah
ardcs ad sgeee h ader © desn
fuld  webs of nquly  and develop/
poie wohwhe s fr sudes
ades must be abe b daw on ter
omrich, growng understanding — of
mathematics and scence  phenomena,
F edes ae b aipf ks rew
pagede adrmevpade - ten

they must work within ~ a
professional communiy  that
\des pomes  ad ot
ede aupapErat n Uy

ad konkde  bubig

mahemeicd oo tey mgt v D &
the poner and potenid  of the toos
sudents  choose o invert  Teachers
amt pesent  ad bdae kaming
trough  ingury,  ushg modeing  as a
od ues tey terdes a@ine o
Teachers must also have a soid
utksadg o ddeis trkg n
ggad add ter owmndes tik
ing in partouar. The MIMSproec,
tooh b Esadeede oo
@os B gharg  noman aou
ds  tildg eastey egper n S
ence and mathematics.
MIMSisdemonstratingthatthe
newperspectiveandnewpractice
desabed hee py of fr boh ddes
and teachers.  There is, however, no
ook il o sepbysep  pecegg-
d eps F edes ae D adp ts
newpagede  ad newpadoe,  ten
they must wok witin  a professional
communly tat vaues, pomaes, and
uppots  eeder engegemert N inouly
andknowledgebuildinginseveral
aees mahemeics  ad stee Suokrt
development;andpedagogy.MIMS
has focused on providng  this  vital
eacher suypot, not oy trough s
eadeescade aokboaives but
alsothroughsummerworkshopsand
monthlymeetingsfocusingonboth
content  and pedegogy.

The Lager Communly

Fdy, © a5  ah an gpoech
o mahameics ad s.ene edhing ad
leaming, parerts  and the community
must be nomed  about the pogam ad
beanee o 5 badls  MMSeades
reguarly  hold Famiy Math Nights,
which provide parents (and others)
epaeness gy D et o dukes
ad enoouage  partdoarnts D ak qes
s Aspes sete ek n te
MMSapproach, tey gve suppot and
enoouagement o the teadhes  ad te
gdod aswd asb ter omndibden  u
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Soeaking FHom Expenence

by Anne TurnbaughLockwood

o Camen Cufs, a seoondgade
teacheratCountryViewEl-
emeray Sdod n Veos Wsoonsh,
eachiny mahamaics axd scece  or
uresady 5 fa fom an sk,

theoreticalconceptusedonlyby
reseades Sead her adeeges  ae
activelyinvolvedinateacher—
rescarcher colaborative foolsng on
webs ofinquiryinmathematics
ad sene
h 1965 Qufs pafgsed n te
Teaching and Leaming Geometry for
Understandingprojectdirectedby
Roed Leher (uded by he Naiordl
Sdence  Foundation). Because of the
impact of ts poed, she dose D
continueherinvolvementthrough
participationintheModelingin
Mathematicsand Science (MIMS)
poedt deded by Rded Leher ad
LeonaSchauble (fundedbythe
NationalScienceFoundation,the
James S. McDonnell  Foundation,  and
theNationalCenterforAchieving
Studentl earningandAchievement
n Mahemaics and Scence).
novement n the MIMSproed,
Curtissays,hasaffectednotonly
what chiden lam in the schoodls
paricpaing cbssooms,  but a0 how
these chiden lam. The gowth of
teaches  knowledge about how therr
swrs ke, she egls, b o
poners the ways in which students  at
CountryMiewthinkaboutandsolve
but also fuels significant changes
inclassroompractices. Inthis
afke, Qus geds pmay o her
epeience ad sudens  keamng  n
mathematics, butpointsoutthe
ponaid comedn o tet kanig ©
sdes wok n soene

Sicet  Thilkig
Cutss sudens devdop math
eveical  dess as resouces  for ther
undersanding  of science.  The ways
sudents  keam  about space and geomt

ety in Cutss dassoom, and the
dessooms o her cdeagues whohave
become pat o te MMSpoed,  bud
frst onsudents  prior  knowedge
and understanding, nudging  Ively,
ad sidens.  “As wele  partiopaied
n ts poed’ Qus sas ‘Wele
learnedthatkids cando much
morethanwethoughttheycould.
In fact, they can do manythings in
geometrythatmanypeoplewould

Her own beliefs about how
diden kan, de sas hae daod
fundamentally. ‘Previously, | never
boheed © d out whet ks tougt
aboutmathematicalconcepts,”she
adms ‘Ben f you ae nt a paior
Hy tedod edy, ywud e
te ddids anmoim o yor gake
bd  ouroum Thee awio  sad
out amessage: This is what kids are
supposed o do”
atpasd nts pggg wvee

kared ta kb @n db muh

moe ten vetowgt tey ool
h &8 tey an b mayhgs
n geargly ta maypeqpe
Understanding  that  young leam-
es can model mathematical  conoepis
wesnohing ks ten apaadgn it
or Quis aswd asfor her peas 1
koownovtet a kds ae capabe o
trkng aou mah n vay diferent
ways.Aswewentthroughtheearly
yeas o te poed, | lkamed gt
dong wih tem | sawtat tey ocod
be gven complex,  dificut probems

and could handlethemwiththe

gt o e
Thisnotionofearlyaccessto
powerful  mathematical  ideas gener-

s eade eapress D paidoee

Curtisbelieves.Perhapsthemast

mpoiant lesson for eadhes  westhe
need b ke tme  Ben  and keam
fon ter sudels @her ten por
g asmaybods b tem as posde
1 had b ke the tme D kam what
candidly.Althoughthismaysound

ane, t wesmeedny, de eqas
1 leaned that they ddnt  know many
thngs that texbooks, teachers, or
schoos  have aways assumed tey dd
kon' de sys 1 a0 ganed aoess
0 ey sophsicaed and niigung
thinking—fromyoungchildren—that

| hed never asked about before.  Ther
qesrs te e adte po
kovedge powe the gude for where
wedat and where wego, once weare
o te poess’

Teahiy fr Urkesady
Teaching mathematics for under-
dadyg reques ta eades  egae
nppssl iy, kbag i te
extent of sudents phior  knowledge
about te intended oconceps and then
engegny sides  aong full pabs
tet bed ey 1o te ned sae
o insiudion: te webdf nly n a
perticuar doman
ocdeagues  about teachng for under-
instuciorel trandions ad ks ©
geger  tacher comiot wih  damat
cy deet pade  “Toky, | hae
amuchbeter sense of whet | Wl hear
fom te kids” ghe sas ‘Cetanly,
each gop 6 uge hbu | hae band
howtey develop ther undesiandng,
howtey begn © tik about conoepls
such as threedmensondl dhepes, for
Ths does not meen, she adds, thet
she does not core ©  be suprised.
“ldoknownowthemiestonesthat
kidsexperience, thatmovethem
fowad, tat get tem b epoe, D
investigate, andtowrestiewith
compicaled conogps. Ths means tat
whenastudentsayssomethingthat
maynothaveseemedparticularty
impotant  to mein te past, | have
bared tet t 5 somehing © dlow
wtowh asties o quedos’

n



AParent'sVoice
by Anne Turnbaugh Lockwood

WhenKarenSpencercomparesherdaughters’'mathinstruc-
ton to her ownealy expeiences laming math, the distinction is
shaply apparent.  “When | was growing up,” she recolects, “Story
problemswerealwaysthehardestpartofmathforme. Butwith
mydaughters, thestoryproblemsaresoeasybecausethey've
leamedtosolveproblemssomanydifferentways. .. \Wewere
taughtthroughmemorization, buttheyaresousedtothinkingin
somanydifferentwaysaboutproblemsolvingthatbeforelong
theycancomeupwiththerightformulatofindtheanswer.”

Spencer noes that her daughters  (Britiany, affh grader, and
Avery,athirdgrader)havebothbenefitedfromCarmenCurtis's
approachtomathinstruction.“Somepeopledontunderstandthis
wayofteachingordoingmath,”Spencersays, ‘andcalitfeel
good'math.”Sheseesthatasinaccurate:“Carmenstillexpects
them © get resuls, but te kds dont tik of t as wok Insead,
i's fun 0 kean and pobemsoe”

Cutss  popuar Math Night hed montly for parens and therr
chiden, features avaiely of adiviles that famles can do to-
gether.  “Avery aways wants  get o a the achies in the hour
provided,”Spencersays,‘andwantstomakesureweregoingto
makeittoMathNight. Sheisverycomfortablewithhermathand
veryproudofhermath. Shejustisn'tinimidatedbyanymath
problemsheencounters.”

Brittany, Avery’soldersister,hasbeenapproachedbyher
teacheraboutstartingamathclubjustforgiisandnotesthat
Brittary’s teacher ‘can pick out the kids in his dass that leamed
math in this way because their abity t© pobemsove is so appar
at’

Whetherinstructioninvolvesputtingtogetheranimaginary
pzza ushg peces of paper aut b dices o soMng  a compicated
story problem, Karen Spencer is convinced of the benefts  of this
newwayofapproachingmathematics. Herson,wholeamedmath
in a moretraditonal way, s aseventh grader in accelerated  math
desses ad, she noes, admies hs ssers acheemert  ‘Hel sy
1 cait doit tel Howcan she? ”

1 just hope, “ Spencer condudes, ‘that myfist grader leams
maththisway.”

\
net
PreparedstatementforPresidential

Meeting on Mathematics & Science
Education byWalterG.Secada

Teaching for undestanding  ako
demands fiexibilty. Cuis  notes,
1 adnvas sy Ths Bt what wewee
gong o dotoday, but it wes realy
vk land te edy Wt te
chiden  teach each other so much.
Exhgop o suks anes & higs
n dieet ways Someimes tey e
ad ten mon te nman tak tet |
had in mind” These winding roads,
Cuts emphasizes, lad t© vauabe
peces  “They ae constuding knont
eke h ways tat makes e most sense
o tem That B ey ponedd’

Teades a0 hae D kewig D
reihaush ter uddeped 1O &
you each for  undersandig, it B e
o kb D ppe tet te Ede B
asking aquesion to which she or he
doesnt know the answer. They also
paceve tat tee 5 moae gt ar
she. I'seed n ts tpe o adesss
oom, tey ot cedt for fdg ara
a dieet weyb fd anamsner bk B
not a zerosum game, where only one

peson can be gt

Coredigy Mathemaics
ad S

Teaching mathematcs for under-
sadyg Qus poks ok hes ded
berels o te wasn whth sidas
udesiand  and apply  sceniific oo
s She bdraes wih  an eanpe
drawnfromherexperienceworking
wih thid graders on fastgroning
in ths way, she says, ‘my students
thought of goMh N basc ways, such
sy o

Sudents  concepions of growth
chenged dametcaly  once they  begen
epeiedg e mahemdics o goece
inwhichstudentswereactively
involved  in  explorations of volume
badground in mathematics”  Curtis
epans,  ‘hepped them develop ety
strongunderstandingsofmeasure-
ment,  three-dimensional shapes, and



SpeakingFromExperience

‘h t5 He o adssam

tyy o ced & foig

ared a deet  veay
b id arawme

I 5 m azmoam ge

whee ay ae paam
@ ke gt

theirownpersonalsenseofwhat
measurement realy  means”

Sudenis  whohed fich  experiences
n mahemaics in te dassoom, she
says,werethemostsophisticated
sidenis  she hes ever faught n s
d ter aly O dygly adiepe
“*howtheheightofaplantchanged
overtime. Theycouldcomparean
individual ine graph wih the ine
gaph of another student  They aso
couldiookatachalkboardcovered
with20individuallinegraphsand
have a fascinating discusson  about
whet atpced e wodd bk ke for
te gowh [of agen paf’
deepenedwhenstudentsdecidedto
nesige hovte sudue o apat
ad space asswel ashegt 1 ddnt
deam ay o ts o' she emphesizes.
‘Beyhng  carefom te kds These
apoled tem onther o’

Bres
Curtisknowsfromheryearsof
vaching ta sudens  sefoonoes
about pefomance in mathemaics  are
frequentlyformedaseartyasthe
begnning of the second grade. “Too
den’ desays ‘add W bdee
another swdent s good in math, but
thatheorsheisnot,andcannot
become, good & math or scence”
“Kidsusedtocometomewith
fimideasaboutwhat'agoodmath
someone who got the answer quickly—
ad tey bleved there wes one gt

amswer. Nowl amrashg  an entiely
differentbreedofmathleamers,
because each one of mykids knows he
o she s good N mah”

Not oy do sudens  dsover  the
poweroftheirownreasoningwhen
tught mathematical oconcepls N ways
that emphesize muide gopoades D
soving problems,  but ter parents
havebeenwonoveraswell. At
County View, our phiosophy  about
teachinginthiswayhasspreadto
manyteamsofteachers,” Curtis
reflects. “We have worked long and
hed © big te ppes ag A
tey e ppey meybededd b
then they see tat ter kds ke a
whoe  difierert gopoach O leaming,
wheher t 5 aout fados o some

Parents see ther chiden  ocome
home and do very complex addition,
addng two difierent mixed fradions
together,  subtraciing another, and
fdg te asver N her heak ‘Nat
ay ae tey db D dbtet’ deads
‘i tey hae apeled  undesiandng
dt Asaemt ta pes ==t
ter chiden ae devlopng  under
standing and strategies that can be
wsd vay  fleddy adten gped ©
many dfierent Siugions. These same
udesandngs ad daeges comedt
o dher ks o mah’

Cobdbaaig Wh Paat

Woking dosey wih parents so
tet tey urksad ts deet  wey
o kamg  mahemeEics B impeaive,
Curtisadds,andshesendsweekly
mathnewslettershomethatreport
what was done in mathematics  during
that week whyit wes done, howther
childrenmightdiscusswhatthey
arelearningathome, and how
parentsmighttalkaboutthemath
wh ta diden

Ths poedve  paend oureach
she beleves,  heps engege parents  n
te edusiod pooess patodaly
aual whentet poess B not S
B ot omepaers  wh nah
‘Twice aweek, students take their
mathhomeworkhomesothattheir

parens see and undesand  what they
are dong. Paenis need o be in the
et wayo dienate temis o leawe
them out”

Beyondweeklynewslettersand
mathhomework, Curtisholds a
montly Math Night for parents and
chiden: “They comeinb a dassroom
where they investigate problems  the
sameway wedo in dass. Parenis  see
hoveded ter diden ae adae
abe t see them oolaborating with
ter peas Theyseeadldd siMg a
pobemn tey never beleved she coud
sove O apaent mght &l mehs
did oed becase tey coddt  come
o Math Night that particular night
becaue of apir commimet”  Cuis
adds, Theyseesomethinggoodis
gong on here”

Countty Views principal, Heidi
Camn, b quk D agee '‘Oe d te
most remakable  aspedts  of the MIMS
proect” se sas, ‘s the number of
saf whohave been moled and the
ey et &t hescesed Can s
thet a her schod MIMSbegan wih 21
dssoon eedes add hes asd
coreofteacherswhohavestayed
nded d tee yas Pesly, d
butthree CountryViewteachers
paiee n te pggd  Pdessod
beneiis, Cavn belees  ae dear
“Teachershavetheopportunityto
obsenve each oher's  dassooms, ©
gan newidess, and b lkean &bout an

As pinapd, Cavn bdees te
mostimportantsupportshecan
poike hes D betagbe, ot soey
rhetorical:“Teachersneedtime,
resources,andencouragement.My

deege & piod 5 © be caeld
wih the staff development agenda,
because manyoher tings need o be
dore n te schod besdes wok on the
works  judiciously so that a newand
pordg aea aneEe U gt
1 &0 wok’ Can sas “ wh per-
entstomakesurewehighlightthe

good things that are happening with
ts pgt thooh wiks arh ste
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Comments FFom . . . WuRG. Soon  AssocweDrector NCISLA

Cumiim Malers — coived  fom back oy

NCISLAresearch  on the development of dassooms  that promote student  understanding  in- mathematics
and science suggests that students can understand—and therefore  achieve—much more than conventional
anmoda  hae doned tem Seoond, reseath suggess that tadhes ceae asynergy between amicla  ad
ther sudens undesandngs by poshng delengng anmcdar  tsks and, as tey dsoover  what ther s
dets are undestanding about those tasks (based on the responses that siudents make and the  discussions
that tey egege N amogtemsaves), ta eaches nudge ter sdes  n diedions et tey hnk Wl be
especaly  produdive. Teachers wse ter dudes  udesandng  © pot © the most poducve  dredions
for te devdopment of ideas in mahemaics and scence.

Cener reseach a0 suggess tat the aunicler ds soud bewoth udesandg n te it poce
Mathematics and sdence  shoud  be interesting, and there must be somereason for the gven oconents  indu
sn n te anok Suchreesos idoe te deds socd woh @ wsl idea tee canbegoped D e a
socadl o scentfic probem),  discpinary woth (@n idea or amethod of dong sdence andor  mathematcs
tet hesceid impoance n te heoy o te dedpie), o eet neet  @n e e podes sudent
interest). Documents such as te Cumcum  and Babiaion Sadads  for Schod Mathematics  (NCTM, 1989),
Soee for A Armecas (AAAS 1989, ad te Naod Soere Hlcain Savads (Naiod — Reseach Coun
d 1996 oopoee  somed the best udgmens o te poessond aganizaions on the  dharacersics o
conent  that s worth  understanding. NCISLA research  extends  these documents in some new and interesting
directions by eluodating the complex inteelationships among curticulum, student  reasoning,  and dass-
rooms that promote student  understanding.

Threatdess n ts nendeler suggest tat sudens can develop impessve undesiandings  of imporiant
mathematical  and scientiic ideas whenthey engage in achalengng  cumcuum—and whenteachers pay an
mpoiant e n cesing  and impemening such a auicuum Ty, te amodbm—wha swoels sy ad
howtey ae egaged n the dasssoom—maies . Sudens deseve © encouner ddlegng oot n dessioams
where teachers  buid  upon siudents  prior  knowlkedge, guide them o do analtical thinking, and encourage
them to draw, and provide evidence for, ther  own condusions. Anthing less wil not enable sudens B
ahee te mahemaicd  and sceniic udesandngs tet tey need o cary tem, not st trough e BEr
gaks hut togh e bes

uuu
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WALTER Secaba Assoot®) rRector NCISLA

Cumculum  Matters

raciionaly, schod mahemetics ad soence amola conprisee evenvthing sldes ae eqeded ©
dadb kan n toe EHk  te goeb and doedives, te aganzaion o te criet ooweed te degph
D whdh coent s pusued, te fomd dassoom ks, ad the add  adMies that engage sudents.
Regadess o the naysidents epeience the ideas and conogpls in schod mathemaics  or scence,  the
fomd oamiclia  podde the foundaion  for most dassoom  “opportuniies o lean’”

Ih the Unted Saies mahematics and stence  aunolg, as typcaly concehved  and impemenied,  ae
body regponsbe o te rebively bwv pafomance o even Ameicas  best sudenls, acooding o the
oondusons  of the authos of boh the Second and Thid  Iniemational Mathematics and Scence  Studes.
Whenthe Center on Ormganizaion  and Restruciuring of Schoos (CORS) looked at achievement in math
ematics invoving  higher-order thnkng  and understanding  (rather  than memorization,  computation
urdbsed D pobem soMg,  adrecal o soded fad, whch te conveniond  anioda emphasize),
ther unpubished dala amalyses suggesed tat tis kind of achievement n mathematics s more depen
dert on sudents  engagement in asks  Spediicaly desgned o edt tinkng  and demonstaie  under-
sadg ten t 5 dependet onte spedic istudon suwens  receve. Accodng D resus fom te
Hogh Scod and Beyond dasbase, secondary mathemaics achievement s moe reaied  © rdevat course
kg ten s acievemet h ay aher sthod subed  Reseath on academic taddng hes aso shown an
neasing  achievement  disparily betveen sudens whoae imted © engegng n bowradk  oconent ad

those whoepeience moe dalengng  ocotent n higher  tads.
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