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'ABour FOUNDATIONS " ~
FOUNDATIONs isa monograph series published by the L
National Science Foundation’s Division of Elementary‘ S
Secondary, and Informal Educat10n (ESIE) in con]unctron .
with the Division of Research Evaluation and Commumcatmn
(REC) to serve those workmg to better science, mathematrcs,
and technology education in this nation. FOUNDA'nONs supports
educatron reform by communicating lessons that have been
learned from'ESIE prOJects and activities to others in the ﬁeld
who may use: and adapt them to build effectrve educatronal
‘improvement strategies in therr own classrooms and commu-
nities. Like the foundation of a schoolhouse, home or other "'~
place of learning, the strength of what is above ground
depends on the structural soundness of what lies below.
FounDaTIONS Wwill unearth the strategies that enable effectlve
educational unprovement at the K-12 level to take place.

. Welcome to FOUNDATIONS. ..

In THIS VOLUME

FOUNDATIONS examines opportumtres and challenges for
those at the front line of sc1ence education in elementary and
"middle schools. Designed as a resource for teachers. and "
administrators who have not yet unplemented a program of
inquiry-based science educatron this volume serves nelther as
. a textbook nor as the ﬁnal word on the subject. It is rather a
. short mtroductron for those begmmng the complex and dlfﬁ
cult journey of sc1ence education reform based on the expen-

T~

ences of educators working in the ﬁeld today: -
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A LETTER FROM
~ . THE DwisioN D

D
Dear Friends and Colleague's:.
) . [
" our mrssron in the D|V|sron’
improve teachrng and learning i u
. grade—and to increase and i |m;
mathematics, and technology bt
embed lessons of reform not in
ple in real places ‘We expect future i |ssues of FOUNDATIONS will address each of the major
goals for our Division: _ " : : o
a8 Develop and |mplement h|gh qualrty |nstruct|onal materials; N
Provrde stimulating environments outS|de ‘of school that i increase the -
apprecratlon and understanding of scrence mathematlcs and technology
" . and their applications;
N R Recognize, excellence among: teachers and students and enhance the sta~ .
. tus and wsrbrllty of the teaching profession; - g (
P R Promote interest in and pursuit of: Scientific and technical fields;
@ Provide research experiences in science and mathematics for teachers and '
students; and . B
' Create networks of talented teachers and students who can serve as T
resources for others natronwrde A '
. ;o
A We believe this |ssue to be apropos of an maugural rssue——lt focuses on many \
aspects of engaging a system of education (such as a district or other entlty) througha
- concept so basic to the reform agenda—rnqurry based learning.
Finally, thanks to, the efforts of CUSER, the Center for Urban Science Educatron A
Reform many leaders engaged in reform have shared their experrences wrth the |ntent of
supportrng your efforts to |mprove science educatron N -

Margaret B. Cozzens . , :
Division Director - . Lo .

N ’ .
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~
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science educatlon-refonn to improve their programs by
7

\ Lae . - ' R N
| . . o S r
-~ - .

Century, Ka.ren Worth Ba.rba.ra Brauner Bems Mlchele
Brusch Joe Flynn,, Judlth Opert Sandler, Enca Fields, Doris Santamana,\and
Sa.ra.h Dav1$ all from Center for Sc1ence Educatlon collaborated in wntmg
the various chapters of this i 1ssue w1th edrtonal ass1sta.nce provided by Ed
Miller. The authors worked i m cooperatlon with Susan Snyder Sectlon Head
v Grades K-8 Education, NSF; in des1gmng the purpose outhne and content of

- !
the issue. , e N

N
'
v

) : .
For more information about elementary and secondary education,

please contact:

r )} \ L N : . '

"Division of Elementary Secondary, and Informal E
4201 WllSOI‘l Boulevard '
Room 885 ‘

_ Arlington, VA 22230

- (703) 3061620

'

'

: _‘grn'cgrude@nsf. gov
' . http://swww.ehr.nsf.
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. ,through the'experiences of others. In the pages that follow, practltloners and .- ‘

- CHAPTER 2 e)'(amines"What effective sci'en\ce education looks like in real class-

‘/PREFACE Co ;

> . . S

his monograph is for teachers and dlstrlct admlmstrators who want to

create mqu1ry-based science programs in their schools: It is but a curso- ’
ry mtroductlon to:the complex challenges of sclence education reform told

policymakers seasoned in reform share thelr_thoughts with the hope of sup-

porting 'those about to embark on similar journeys. By focusing on the actual 4
' experlences of real people in real places this volume attempts to bnng life to -

the abstract language of refonn o AR o

CHAPTER 1 sets'the grdundwork for the concept of “systemic” change that

underglrds the volume thereafter—that is, teachmg and learmng are part ofa

+ complex, interactive system prewously\nusrepresented or underestunated by
- 'simplistic and disjointed reform- models of the past. The chapter sheds llght

on why refonn efforts that focused on just one or a few components of the ,

7 system (e g, cumculum assessment, professional development) did’ nat suc-

ceed or could not be sustamed In splte of the cynicism generated by these *

past failures, the chapter presents an optimistic, but practlca.l vision of sci- -

- ence educatlon reform.. R f : Lot

b Fa 4 '

~ N \

rooms and describes with concrete examples. the practicesthat do.and. do,

" not reflect high-quality mqun'y-based téaching. It lays out the genera.l d1rec-
tion of current reform efforts: moving from a focus on textbooks and discon- ;

nected facts toward d1rect and coherent exploratlon of sciénce concepts
through act1ve student. learmng : ‘ ‘

. ’
\
LY N

CHAPTERS 3 through 8 dlscuss some of the ma]or elements of change in. the

- _system and process.of educat1on planning, leadershlp, cumculum and .

assessment, professional development ﬁnancmg, and collaboratlons These
chapters explore aspects of reform that are most unportant for educators .

- who are just begmmng a reform process. They are de51gned only as startmg.

pomts CHAPTER 9 focuses on the issue of equity, ‘which infuses each of the

* other topics in this monograph. It raises a number of difficult questions that

' nation.

practitioners contmue to struggle with today in every community across this

~

“
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3 ' j .
Each chapter thhhghts commumtles that are actively engaged in science
educatlon reform. Contact mformatlon is prov1ded for the reader who wishes
to know more. Most chapters include a set of references and suggested read-
mgs mcludmg guides for understanding mquu'y-based science education,
innovations in classroom practice and professmnal development -and criteria
- 'for selectlng mstruct1onal materials. ) v ] /N

! -t

/ L ~ ¢ \
t

CHAPTER 10, the postscript, poses topics‘in need- of more thou"ght and experi-
mentation. Issues such’as effectlve use of technology, strengthemng teacher
. preparatlon programs, and methods for evaluatmg the success of these o
reforms present mterestlng challenges for even the most expenenced

v ~

educators. L S

', l ‘ - * i . A 'S

' For the reader contemplatmg a program of reform we hope that this docu-

/. ment-will prov1de a concrete foundatlon But, even for those that have
already begun the process, it ‘may 1gmte ideas that lead in new d1rectlons
Ultlmately we hope that you the reader, will go beyond that which is wntten

" here—to rewr1te these pages w1th new and better answers to these chal-

lenges and the many more that awalt all of us. R 4

\,l s 9 - -' 7
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@HAPTER ‘ﬂ 2

.

teachmg science to students ina poor New York City nerghborhood s‘
Descnblng what- sounded hke a chaotic classroom expenment ” students
Wwere supposed to construct boats from clay, alummum foil, or: paper and test
therr buoyancy in plastic tubs of water ’ . . o
ThlS accord1ng to Mosle, was an example of “hands-on 1nqu1ry scrence
) The phrlosophy belund the approach was sound enough Mosle noted, .
. , “Kids would.act like- real sc1ent1sts collect and interpret data, learn the laws o
" of nature through‘observatron and then write up reports about what they had
“discovered: But the theory, as is. often the case foundered on the hard rocks
~ of practice.” , Lo ¢ ¢ '
© . ‘Working w1th 32 unruly students -and no aide, water sloshed out of the
- tubs and wet clay and muddy hards got on everytlung ‘Most, of the other ' i
teachers, she later learned simply demonstrated the expenment in'front of '
the class and could not believe she was actually, lettmg the students do it

/ themselves h \ ,

Y Mosle concluded in her artrcle What Really Matters in. Educatron ” that g
--what her students really needed was not playtlme with wet clay but “expo- ‘
sure to scientific vocabulary” and a tough' comprehens1ve cumculum that \
would provide them with a wealth of factual knowledge on a wide range. of
sub_]ects Only then could these children—many with limited command of
Enghsh—begrn to compete w1th their middle-class, suburban counterparts ¢

“I despairéd at the, d1screpancy between what they {the children of her
. middle-class fnends] and my students knew, and doubted that ‘boats was
’ going to- ‘help bndge the gap. I began to yearn for the kind of textbooks that I
.had once loved as a kid: big, beautiful books that Tliked just holding, smooth-
lng down thelr shlny pages of colorful ﬂlustratlons and photographs wrote

{
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CHAPTER 1 K-8 Science Reform

Mosle She went on to argue that the answer to the problem of U. S public,
educatlon lies in strict, explicit national standards and a national cumculum
“set in Washmgton and monitored in every town and city through testing.”

" Mosle’s argument most hkely made a lot of sense to many readers of the
Times Magazme They probably: assocrated the boats expenment w1th other -
ideas about “child-centered” classrooms in which kids “have fun” and learn
to “feel good ‘about themselves.” These ideas, often discredited.in political
d1scourse and in the pubhc mind, are seen as dlametrlcally oppos1te to the
traditional values of the schools most adults remember attendmg—where the

s SN ,standards were tough and unamblgu-

‘ . ous and the answers to questions were

 either right or wrong and could be

Y

.

Ir ohwnges bure t@ be »

\ N i
long lw._smhgi, each and found in the back of the textbook. Ty
every component pwﬁ‘ of "7 But, what most of Mosle’s readers
, ..~ . ,. probably d1d not realize’ was the' funda-
the ' system must be - - mental i rrony in her story. Although the,
’ .IZ’WBEJBF’SIZ%ZM and . boats unit was certainly hands-on,’it

was not an example of inquiry-based
science'teaching. (See CHAPTER 2 for a '
more detailed explanation.) Instead, it’
'~ was an lllustratlon of what happens when an 1ll-conce1ved effort at curricu- -+ .
_ lum reform is 1mposed on underprepared and’ undersupported teachers
worklng in difficult conditions. Every ‘third- -grade teacher i in the district was
requlred to teach boats. Mosle, like many other well- mtentloned teachers,
may have lacked critical supports necessary to make mquuy-based science
' pay off, such as assistance in teaching sc1ence 'content within the process of
discovery, organizing a lesson for a large group of students, or teaching chil-
dren how to collaborate. It is little wonder that her lesson “foundered.”
" The deeper moral to her story lies in a more subtle Sermon on the nature _ .
~ of change: there are too many complex interconnected problems present for
any one, simple solution—like the introduction of a new cumculum—-—to
alter the fundamental dynamics of teachmg and learning in the overall educa- .
.thI’l system or even a single classroom for that matter. Unfortunately; her ‘
< prescnptlon of a national curriculum incorporates the same failing and i is,
ultlmately, a seductlve sunphﬁcatlon of what is really needed to transform
America’s publlc schools. . '
- What is the answer then? Clear standards for science educatlon (and in
, the other disciplines as well) that give life and meaning to classroom prac-

o/ v

; permwmntly allered.

-

N -

\

7y
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C;{mﬁn 1 K-8 Science Reforn\t‘ o ‘ o, |
/ | :
tice are an unportant part of the answer, but real, sustamable change N
demands much more: \ : :
.0 A transformatlon of people’s beliefs about science educatlon well—
informed by the processes of science and by our evolving
* understanding of children’s abrhty to learn complex, - o
3 thought provoking material; ! .
. a'The creation in each d1str1ct and school of a clear v1s10n of effective
science teach1ng and 2 set of goals that reﬂects this evolvmg ‘
" - knowledge; < : g
- o High- quality mstructlonal materials that support a coherent
" ‘ presentatlon of unportant science concepts—and the resources !
~necessary to- :make those materials available to every student >
® New kinds of tests that more accurately measure students deep
-understanding of ldeas not just their short-term recall of facts;
‘@ A long-term comnutment of professional development to a generation
of educators capable of turning this vision'of teachmg and learmng
into reahty, A
‘mA broademng of public understandlng and support for effective
sciencé educatlon and the development of commumty partnershlps N
that spur’schools, universities, museums, foundatlons, and’
'\‘ corporatlons to work toward common-goals; | - K
+ &8 Steadfast support from district adnumstrators and policymakers who
recognize the cruc1a1 1mportance offlocal school based initiatives;
@ Enlightened leadership that understands how all of these factors affect
and depend on each other; and . - N

A

& All of these changes happenmg at the same time. ©

~

-~

TN

Y ’ v N
Th1s is the soul of a systenuc approach to science educatlon reform: a
wide-angle v1ew of school change that sees all aspects of the systemasa - .
whoIe It recognlzes that if changes are to be long lasting, each and every - \
component part of the system must be m‘everSIbly and permanently altered c
/‘ © We know this to be true in part because of the work of many scholars
- and researchers and from past experiences with science educatlon reform. | -
Susan Fuhrman and Diane Massell of the Consortlurn for Policy Research in
Educatlon describe how promising reforms falter for lack of “coherence”—
that i is, an 1ntegrated comprehensive approach to change. in Wthh all of the

components are orgamzed around a clear set of désired outcomes and a - o

~

I:IONS-VOLUMEI “\ L ' : S o .3
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_ systemic reform is

‘average citizens.

+

CH‘AP'[‘EkR 1'K-8 Science Reform
-common vision. David Tyack and William Tobin of Stanford University have
wntten about the ways that innovations in teaching are often selectlvely L

1mplemented and ultimately trivialized. Reformers who wish to av01d this -
: fate they argue must reach beyond the schools themselves “tounvolve the '

public in a broad commitment to change {

. ]
¢

Earlier reform efforts reflected their contemporary currents of educatlon—

“al pohcymakmg and pohtlcs In the 1960s and 1970s they focused on equlty
and the reallocatjon of funds to

- schools in low-income communj-

e ties. In-the 19805 they focused first

" . on excellence and later on the {
demands of teachers for mcreased

1

B@Cwme the concept of R

Comﬂ lex wmd wbstmct ' o ’authonty and control over class-
educators and scholwrs : _, Toom practice. Although these

' . efforts produced individual success
ﬁmd it hwrd o portray it in

terms that resomute with munities, the overall impact was

* schools-and school systems. ‘
. FUEL Eduicators today face public -
demands for action that are even more urgent than the- warnmgs of the

/,

stories in isolated schools and com-

¢

negligible on the large majority of . -

famous 1983 report “A Nation, at Risk.” Evidence of student achievement in

, mathematlcs and sc1ence suggests that the, gaps between the h,(wes and the

have-nots remam—espec1ally when one compares white students with stu-

dents of ‘color. Changes in the U.S. and world economies have made better |
- quality science educatlon a requisite for students at all levels of society 1f
. they are to have a chance of prospering in the work force. Isolated successes |

in educatlon reform are not enough to sustain progress. Changes-must take
root in every. commumty and must reach the great majority of students

. One of the most daunting obstacles to change is the w1despread v
cymc1sm among teachers about almost any new school reform effort. Robert
Hampel of the Umvers1ty of Delaware has described how teachers typlcally

‘ break into factions whenever schools face deep, systemw1de c¢hange. The
' vanguard teachers—those most committed to change—never make up mére "'

’ than 25 percent of the faculty, he reports and often end up pitted against the
. cymcs those most outspoken i in the1r skepticism. The resulting d1v1s1veness

and bad feehngs can easily sink the most promising reform effort.
Educators who,want to promote effective and lasting improvements need -
to recognize that there are legltlmate reasons for some of this cynicism.

" \ \
\ ¢ N 4
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CHAPTER 1 K-8 Science Reform . v
N AR ! "

Man’y teachers have seen waves of reform come and. go over the years and'

have poured their energies into those efforts, only to see them washed away -
by the next wave. In this sense, skept1c1sm about reform is not simply a' mat-

ter of stubbornness, insecurity, or laziness—it-is a 51gn of an under-the-sur-
face yearning for changes that are meamngful not ephemeral. The enlight-

ened leader will find ways to harness the energy of skeptlcs—by demonstrat- .
ing, for example their own steadfast comnutment to change even in the face )

of severe setbacks and dlsappomtment;s
{
Systemic reform of sc1ence education is not easy, but there are real rea-
sons for optimism at this Juncture. Though there are no guarantees of suc-

. cess, we now have a more realistic plcture of the dynamics of change than

we have ever had before. Knowing how hard the work will be is in itself an_
-advantage; it thwarts unrealistic expectations. We have some encouraging

" evidence from the ﬁeld as the following chapters of this volume will- show

No one has as yet put all the p1eces together, but a picture is takmg shape (
that is captured/by the many school dlstnct;s that have made significant

"+ progress. :
Iz

Because the concept of systemlc reform is complex and abstract, educa-
tors and scholars find it hard to portray it’ in ferms that resonate with aver-
age citizens. The phrase systemic reform itself, is now widely overused and’
in danger of becoming a cliché, hollow i in meaning. Sara Mosle’s New York
Titnes Magazine article is evidence of how words llke hands-on and b \
mqmry, which represent important p051t1ve concept;s to sc1ence educators,

* can easily. be: associated with poor, teachmg and mlsgulded 1deas JAn the pub-

lic mind. Once these perceptions are 1mpr1nted in the minds of parents and
opuuon-leaders 1t'becomes difficult to undo them. '

- Widespread support for quality science educatlon hlnges on creatmg a
more informative dlalogue between educators, researchers, and the pubhc
Educators especially must avoid formula.lc jargon and use more drrect clear
language in makmg the case for sc1ence education reform. All sides must be
* willing to engage in a full and open debate about what works and what does
not work in school reform. . - o ' '
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" what is already known in llght of experimental ev1dence usmg tools

A

i
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Standards published i in 1996 by the Natlonal Academy of Sc1ence _ L

@HAPTERZ

1

66 |:| nquiry is-a multl.faceted act1v1ty that involves makm .observatio
ing ‘questions; examining books and other sources of
what is already known planmng and conduct1ng mvestlgatlons rev1ew1n"

€r, analyze and mterpret data, proposmg answers, explanatlons and predlc- '
tions; and commumcatmg the results states ‘the Natlonal Sc1ence Education

Inqmry, this simple three-syllable word | requlres a paragraph to explain'
and a v1s1on to make real. Indeed the phrase mqulry-based science educa-
tion” appears everywhere in the language educators use to) redefine the ) -
teaching of science. The older approach to science teachmg empha51zed the
end pomt of scientific mvest1gat10ns embodled in facts and truths of the text-
book Students’ memonzed vocabulary, facts and formulae. Theyviewed
demonstranons and repeated canned exerc1ses calling theni’ “laboratory T
expenments ‘ - ! N

Instead, inquiry teachmg leads students to build their understandmg of .»
- fundamental:scientific ideas through direct experlence w1th‘mater1als by,
consultmg books other resources, and experts, and through argument and
debate armong themselves All this takes place under the leadershlp ofthe . >
classroom teacher. » ‘ - S s

This process of mqmry is modeled on the scientist’s method of d1scovery
- It views science as a constructed set-of theories and ideas based onthe phys- . . .
ical world; rather than as a collectlon of irrefutable, d1sconnected facts. It
focuses on askmg questions, considering alternative explananons and .’
weighing evidence. It includes high expectations for students to acqmre fac-
tual knowledge but it expects more from them than the mere storage and
retr1eval of information. - o
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CHAPTER 2 A Vision of E‘ffectwe Science Education ' | s

i
s NS N . )

“The Challenge e : S . ‘

' Inquiry-based teaching i is'a challenge. Contrary to the claums of some - °
critics, it is not a relmqulshmg of the teacher’s role, nor rs it sunply messmg o '
about with matenals It is h1ghly structured teachmg—-—but structured to ‘ '
allow students to behave m a most fundamental human way, to be" mqu1s1—
tive. It requires.a teacher who is knowledgeable about scientific content and
pedagogy,- s1gmﬁcant blocks of dedicated classroom time, a system that- sup-
ports the teacher’s own leammg, and Ingh-quahty materials and curricula. In
schools where attempts to'implement 1nquuy—based science education have

failed, it is often because one or more of these essential elements are miss-

'mg In these mstances the rhetoric and superﬁclal trappmgs of reform can
. take the place of real change. ; . N [
Hands-on science is not necessanly good science, as ev1denced in Mrs v
Glassboro s! elementary school classroom '
v st s, ~ ! A
Today and for the next several weeks, the chlldren wnII be studylng
organisms and their needs. The topic thls week is worms. The chlldren
(I have read a book about worms and they are wr|t|ng stories about thelr
feelings for wormis to go with the  pictures they have drawn of worms in
- , the school yard On Friday, Mrs. Glassboro brlngs in a few worms. TheA,
childrén sit ifi a circle on the ﬂoor watch the worms, and dnscuss what
L /s they look like and what they are doing. They pass the worms around
‘for-all to touch At the end of the day the worms go.back outdoors
+ andthe study of worms is complete . ' ¢ ‘ '
RN ‘ ' v {
Although one nught cla.lm that this teacher i 1s using hands—on methods ‘
" many of the lmportant characteristics of i inquiry and effectlve science teach-
“ing are absent, rendering the exercise nearly mea.nmgless for the chlldren

The teacher offers the students direct expenence with worms only as the

capstone of the exerc1se No unifying science concepts about hvmg organ-

1 1sms guide the teachmg or learning, nor are any generahzatlons postulated or
tested—only topics relating to the specific characteristics -of the earthworm
are discussed. There is little opportunity for students to formulate and ask
questlons to help shape theu own leammg, or to debate their 1deas with

each other Rather than bu11d1ng an understandmg of basm concepts about

\

" T S N b .
!, The names used for the three teachers in this section—Mrs. Glassboro, Mr. Johnson and Ms A
Hernandez—are fictitious, made up only for the purpose of illustration. N
! i
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J

hv1ng thmgs they finish their science umt srmply hav1ng learned a few facts
. about worms. . o,

'
\

In Mr Johnsons class the hands-on unit w1th worms can also be o -

improved: \

.

)

' ‘After recess, the students express an interest in worms they foubnd '
in the playground.' Mr. Johnson provides a\box,and some soil for the. |
‘worms in a corner of the room. When the children have;act_ivjty time
" they are free to investigate the worms. Some.of themn pull worms from

the box and lock at them W|th a magnifying glass, -others try to make W

: them race, still others try to feed them bits of food The téacher places
books about worms nearby Over the 3 weeks that the worms are'in
the classroom Mr. Johnson perlodlcally asks the ch|Idren to report
. what they have seenor done with the worms, which He charts on an
' - ‘easel for aII to see Twice he asks that the worms be the subject of, h|s
students dally journals At the end of 3 weeks, the children release the (
creatures in the playground, Jconcludlng the unit on earthworms : )
. /o A - <, . ' :

J Again, too few of the critical components of effective'science teaching
are present in Mr. Johnson’s classroom to con51der this a successful inquiry-
‘based learning expenence While the students had an. opportumty to explore
and investigate the worms—3 weeks is a sufﬁclent block of time—the .
“teacher prov1ded almost’ no guidance, had no clear set of conceptual goals !
and had no coherent plan to make the hands-on urit work )

As is clear from the tale of Mr. J ohnson s class, not all student questlons

observatlons and investigations result in worthwlule learning pursuits. It is

v

2
7

/

up to the teacher to prov1de structure to the students’ inquiry and to support -'

thelr exploratlon of only those questions that will yield valuable 1n31ghts into
the scientific concepts under discussion. ) . :

In yet another classroom Ms. Hernandez' second—graders have been
working on'an mterdlsc1phnary thematic unit on world env1ronments and
endangered spec1es However, sometrmes themes can obscure the underlymg

tor -
i : ’

- After readin_c; 'é chapter ln the textbook the children were put in -
groups of four and asked to choose a specific environment to illustrate.
Six Iarge palntlngs now adorn the W|ndows labeléd “tundra,” “plains,”
woodland " “desert,” “rain forest,” and “alplne " Dunng the second
1 week of the unit, the teacher selected a few activities on habrtats S0
Q , \ , \ o o .

'
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‘the students could dlscuss the. Concept of completeness and exam|ne
. their local environment. ,
Later, the class turned to endangered species. Each group selected >
" a species as the subject of a research project; the resulting
mini-reports and diagrams are posted'on the cIassroom bulletin board. -

\

v Asafinale; the students are making thelr Classroom into a rain forest ;
A tape plays rain forest noises. Books are strewn about. One group of
students cuts large tropical trees out of butcher paper. Another makes
long, hanging vines. A third paints life-size, parrot-like birds a brilliant '
red) The work is done. The children are ready to invite the|r parents
and schoolmates to visit the rain forest.

" Ms. Hernandez’' classroom exhibits some components of inquiry-based ! .
science, but the emphasis and focus are not appropriate for the develop- T
mental age of the children. Students of thls age find it difficult to deeply
understand themes of endangered species and world environments. The mtel— '
lectual scale of the effort is immense; the global distances tremendous: .

' Likewise, there-are countless sc1ent.1ﬁc lessons crammed in ‘among the vrrles, ‘
plants, and animals without a critical focus on a tightly knit set of basic ideas.
Although built on hands-on activities, there is no process of inquiry )
forrniltg the lesson’s base. The children have not had the opportunity to A
investigate these'ideas through direct experience. Their learning stems only
from secondary sources. The time spent doing scientific investigations and
developmg an understandmg of habitats and their relationships to organ-
isms—both critical to understanding extinction—is small compared to the
time spent reproducing words, pictures, and diagrars from library and- other
i materials. Moreover although connected in a broad sense -the activities do™ -
not mterlock in ways that perrmt the understandmg of larger more profound '

\

- ~sc1ent1ﬁc principles. \ ’ : . ARG ,

" The Promise ' - :
.. What does an effectlve mqulry—based science class look llke‘? Ms. Strom .
. - usesa well- designed curriculum guide to teach a unit on habitats. Ms. ;
4 Hudicourt-Barnes leads her students down the path of a lengthy and frultful
mvestlgatlon by asking a good question about drinking water. Both examples
demonstrate what mquuy—based science educatlon can and should be.?

Ms. Strom's goal for the unit on habitats is to reinforce her\third'
graders’ growing knowledge of the basi¢c needs of li{/ing things while

. l: C - : ’ 1 8 FOUNDA’I‘IONS o VoLUME \1
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developlng in the students a basic understandlng of the relat|onsh|p y '
between an/organlsm and its habitat. ‘As an |n|t|al part of the 6-week
unit, students investigated habitats around the school focusmg their { g o
, attention on a few organlsms .
By the fourth week of the unit, they have rewewed the baSIC needs ‘
of living"things and have, by beglnnlng wnth themselves and theirown . -
needs, explored the |dea of complete and incomplete habitats. Then

.2 . insmall groups .they looked closely at the needs and habitats of I|V|ng N

organisms found within 2-foot-square plots in the area around the

school. Through smalt- and large-group discussions, the recording of - AR

observations and data in their science notebooks, trips to the media -

center for reference books and other resources, and consultations with
3 scientists over the lntern’et the Children’s ideas began to Crystallize

They began see|ng how organlsms are adapted to conditions in their
B habitat and how those habitats provide the organism with the '
“ resources necessary to meet its basic needs, s

~

N

\ ; On thls particular day. Ms. Strom beglns a component of the unit in
which the students will build small terraria to temporarily house insects -
they have seen outdoors. The terraria wil allow the students to study™ 2
> more closely how organisms are adapted to habitats. She;begins with v
a discussion of the project and guides the students into thinking about”
'a nurnber of issues as they plan to construct the ternporary\ homes. As
Ms: Strom reviews with the students what they have learned, sheis. = |
also assessmg her students’ read|ness to pull together the\knowledge /
ga|ned over the past few weeks. . . -
' The students then d|V|de into their groups to decide WhICh creatures
" they will collect and to plan terrar|a to'meet the creatures’ needs
5 .- Toward the end of* Class the groups present their ideas and terrarlum ¥ ‘
deslgns to each other for class discussion and critique. Ms. Strom \
" takes an active role in this dlscuss|0n ra|S|ng critical questions.. Several
of the groups revise and reflne their plans’ Later, they gather the mate-
rials and Capture the Creatures. Over the next four classes the students N

4 v

2 Portions of this section have been taken, with pérnussmn verbatim from a’ report titled '
“Cheche Konnen: Sc1ent1ﬁc Sense-making in Bilingual Education” in Hands On (Spring 1992, Vol.
15, ‘No. 1),a newslettér produced by TERC, an organization that works to improve education. The
report was written by Ann Rosebery, Beth Warren, Faith Conant, and Josiane Hudlcourt Bamnes
about work done under the auspices of the Cheche-Konnen project by Ms. Hudicourt-Barnes’
Haitian-Creole blhngual classroom at the Graham ‘and Parks Alternative Public School in

) Cambndge, MA The other teacher menmoned in this'section—Ms. Strom—ls fictitious, made up .
only for the purpose of illustration.
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will observe ‘their creatures cIoser, both W|th|n thelr temporary homes
and'in small bug boxes. At the conclusion of the exercise the student
teamns will present what they have learned, the class will discuss the|r
findings, Ms. Strom will bring conceptual closure to the project, and
the creatures will then be released into their natural habitats. -

Ve ' \ ’

‘ Ms. Strom s classroom demonstrates 1mportant characteristics of
inquiry-based science teaching. Using a wntten guide from an estabhshed
curriculum, she carefully follows the story line so that her students’ under—
standing of the underlying blologlcal concepts builds logically in both scope
and sequence. ‘The students inquiry is supported through secondary sources
such as electronic media: Their investigations begm by making connectlons
fo their own env1ronment s : o '

She is careful to allow time for the students to make entrles in their
notebooks and to dlscuss thelr work in both small and large groups This,
together with her constant informal interventions with students, allows her
to continuously assess the, chlldren S state of knowledge and to alter/ her
pacing of the unit accordmgly ‘ v

Ms. Strom S thlrd-grade class has been able to make logical conclusions
about habitats based on their own direct expenence in this tlghtly desrgned
unit. For Ms. Hudicourt-Barnes’ older ‘students, inquiry takes on more

- advanced features; a more open d1rectlon, and proves itself to be a matter of
taste. - v o

N

AN

A ‘Ms. Hudicbun-Barnes, teacher of a combined seventh-‘and N
beighth-grade bilingual class of Haitian youngsters, watched as her stu;
" dents streamed in from gym class one February day only to race off to
a far-away third- floor water fountain She wondered why no one
stopped to drink from the much closer, first-floor fountain. After
observing the samé behavior severaI times, she asked a few of the
X students why. All instantly repI|ed that the waterwas “better” on the
third floor. Ms. Hudicourt-Barnes chaIIenged them to prove that this v
"belief, apparently shared by most of the seventh and e|ghth grade, was
really true; and if true, to explain why :
* . The students set out to determine if they really preferred the
; th|rd floor water by designing.a blind taste test of water samples from
the first-, second-, and third-floor founta|ns ‘They found that two-th|rds
o of them chose the water from the f|rst floor in the blind test,
‘ although every one of them had previously claimedto prefer the
" third-floor's water, - s ‘ o
Q - . ‘ ‘
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\ The students did not beI|eve their results Further discussion

reveaIed that. the k|ds f|rm|y believed that the f|rst floor fountain was the

worst because “all the little kldS slobber in it.” (Tl he first-floor fountaln iS. «
Y near:the klndergarten and ﬁrst grade classrooms.) Ms: t

| Hudicourt:Bares was also susp|C|ous of the test results, because she’
had expected no dlfferences among the three founta|ns These suspi-

4cions motlvated the class to conduct a second taste-test with a larger

. sample of tasters drawn from the other seventh- and elghth-grade
classes. - v . : - 3
The students deC|ded where when, and how to run the experl
ment. They dlscussed methodoIogrcal issues: how.to coIIect the water,
how to Hide- the identity of the sources, and, crUC|aIIy, how many foun-
«\ tains to include in the test. They decided to drawifrom the'same three
founta|ns as before, so they could compare results of the two rounds

- of tests They worried about bias'in the voting process: what if some

students voted more than once’? Each student took responsibility for aL

- .piece of the experiment. About 40 students from other cIasses partIC|-
pated When ‘the data’ were analyzed, the‘results were S|m|Iar to the
earller test; 88 percent of the students thought they preferred- water
from the th|rd roor)but in the test, 55 percent actualIy chose the water
from the f rst roorv, { o .

Faced W|th this evidence, the students suspicion turned to ‘Curiosi-
ty Why was the water from the first-floor-fountain preferred? How
could they determ|ne the cause of the preference? Earlier in the year
the class had completed a unit'on water and the water cycIe In con-
Junctlon with the unit they had worked with'the local water resources
agency and studied where their water came from.and how it was

cleaned and monltored ‘They had ‘the tools and understand|ng to appIy

to this new problem, and decided to analyze the schooI S water anng

1
7

several dimensions, including acidity, sallnlty temperature, and bacter|a..' '

IeveIs C .

‘ They found that aII the founta|ns had unacceptably high leveIs of

bacter|a In fact, the popular third-floor fountain had the highest bacte-
r|a count of the Iot They also found that the water on.the first floor
was 20 degrees cooler than the water on the other floors. Based on

these fi ndlngs they concluded that temperature was probany a decid-

ing factor i |n the bllnd taste-test results. They theorized that the water
was cooled naturaIIy as it sat inthe C|tys underground plpes and
warmed as it flowed from the basement to the third floor '

'
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Ms. Hudicourt-Barnes was delighted with what had come frem the B
initial taste-test idea. Her students had eagerly used computeré to -
" analyze their data and write their reports. She was also p|eased bythe - ,
—~ level and quality. of interaction between her blllngual class and the '

monollngual c|asses

) [

,a

‘Ms. Hudicourt-Barnes has a year-long planned science cumculum
including the study of water. But her plan is flexible enough to allow stu-
dents to pursue an unplanned inquiry in considerable depth Her classroom
offers the materlals and tools needed for investigations. She is willing to
share respon51b1hty for learning with her students, thereby encouraging

k)

CHANGING EMPHASES

The National Science Education Standards envision change throughout '

N

the system. The teaching standards encompass the following changes in.emphases:

Less Emphasis On

Treating all students alike and responding to
the group as a whole

Rigidly following curriculum

Focusing on student acquisition of
information

Presenting scientific knowledge through
lecture, text, and demonstration

Asking for recitation of acquired knowledge
Testing students for factual information at
the end of the unit or chapter

Maintaining responsibility and authority

Supporting competition

Working alone

More Emphasis On R

Understanding and responding to individual
student’s interests, strengths, experiences,
and needs

Selecting and adapting curriculum

Focusing on student understanding and use
of scientific knowledge; ideas, and inquiry
processes

Guiding students in active a.nd extended
scientific inquiry

Providing opportunities for scientific -
discussion and debate among students
Continuously assessing student
understanding : R
Sharing responsibility for learning with
students

Supporting a classroom commimity with

cooperation, shared responsibility, and
respect

Working with other teachers to enhance the
science program :

National Research Council. (1996). National Science Education Stamianis Washington, DC:
Nanonal Academy Press.
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thought and reﬂectlon but she also questions and’ challenges their work and ,

demands ev1dence and argument to support the1r assertions.
/ / ‘ . , . l, . -~

‘ _ _ R .

.~ The Debate Contlnues fo

A v1gorous debate is currently v, ;
under way about the most effective The CMW@@@
ways to teach science. Two critical - .’ émqmpy-bwsed science

) -areas in thls debate are the importance reform eﬁom‘ v leS depm
of content versus process.and the

+ nature of-effective ihstruction. E.D.- @f Mmdersmmzdmg] Of bwswl,
Hirsch, author of The Schools We Need o . comcepts lewmmg

argues that content has taken a back ,
seat to process 1n progress1ve educa- Mw p rocess @f sczzemuﬁc

tion, and that so—called direct lnstruc— g W zmqmw% wmd smdemts’ _'
tion is-preferable to inquiry-based )
teachmg In an issue of the Amencan wssummg SEgn@ﬁcwMt r
Educator he attacks construct1v1st - - responsibility for
reforms and cites research to demon- o ‘ '
strate the superiority of direct instruc- o
tion and the acquisition of factual knowledge. . - *
“The only general principle that seems to emerge from process-outcome
' research on pedagogy,” writes H1rsch ‘is that focused and guided instruction
is far more effective than naturalistic, dlscovery, learn at.your own pace
' lnstruétion He argues the need for students to learn substantlal content and
. not s1mply the process of science and how to learn “The conclusion from
cognitive research he states shows that there is an unavoidable interde- -
pendence between rational and factual knowledge and that teachmg a broad /I, '
_range-of factual knowledge is essentlal to effectlve thinking both w1th1n
* domains and among domains” (Hirsch, 1996) ,

Hirsch is certamly not wrong, but he and other critics are in danger of
setting up a false d1chotomy of content versus process. 'Neither is the )
answer Teachmg that concentrates solely on one and ignores the: other is not
helpful to students - ; : - A

Sc1ence teachmg embraces a wide range of methods At one.end of the
continuum is thé classroom in which knowledge is defined by the text and
students learn'from readings and lectures. Their success depends on under—
standing the requirements of the teacher and learning terms and formulae. .-
On the other end of the continuum is open exploration of mateh'als with lit-
tle guldance or structure. H1rsch does not advocate the first extreme he'
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’ Cl-‘lAPTER/ 2 A Vision of Effective Séience Education
admits a place for i mqu1ry in science education and the need for students to
take some respons1b1hty for their learning. Responsible reformers also dis- ‘
miss the extremes in favor of the nuddle ground, suggesting that the current
changes in sc1ence teaching involve a shlftmg of emphasis along this |
continuum. The National Science Education Standards call for more or less - -,
emphasis on certain mstructlonal strategles as they advocate this move
down the continuum. : !

The heart of the dlsagreement is about where the proper balance should
~  be. Those who see a need for more empha51s on content will give students
less time for investigation, debate, and argument than those who value these
~ processes and who aim for deeper understanding of fewer topics. The latter, '
will give more time to small-group work, argument and debate, and less time ”
to textbooks and hbra.ry research ‘ ‘

The current inquiry-based sc1ence reform effort values depth ‘of under-

standing of basic concepts learning the process of scientific i mqulry and
' students’ assuming s1gn1ﬁcant respon51b111ty for their own learrung There is

a balance of content and process in inquiry-based sciehce, but. teachers who

hold these values may differ in their methods The character of each class: |

room emerges from the dec1s1ons of teachers and from the rich diversity of ~ ‘
1nd1v1dual cluldren,\communltles and school systems.

It is not enough for reform-minded educators to turn to the standards to
the research, orto a partlcular curriculum for answers. We see today many
examples of good mqulry-based science teachlng, but also many examples of

““hollow i mquu'y, practice that is called i inquiry but has few of its essential
characteristics. Educators must first understand their own values and engage

* in their own inquiry—to _develop a deep understanding of their commuhnities’
needs and goals for rich, vital science education.” s o ‘

i
+
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‘ he bndge connectmg the v1s1on for reform with all other arts;of the
\ T system—leadershlp, cumculum mstructlon assessment‘ profess
B development finance, evaluatlon and eqmty—ls the plan for change !
v Contmuous thoughtful planning can help launch the vision, keep }
partlclpants on track, and keep short- and long -term goals in constant:view..
The process requires, planners to reflect on the1r work and to 1nvolve diverse )
: stakeholders The result is a clear seénse of group. purpose shared expecta-
tions,: ‘and ultlmately a hlgher level of support and buﬂy -in for the reform
effort ‘ ~ i o, ' B ~
> N . The most valuable plans for science !
U/ - ‘ _education reéform bu1ld upon other - o
< ,_@ZW@’Z@ plﬂm‘g We WMJ strateglc planning’ efforts in the district.
resull @f w/ Cf@SS—Sﬁdﬁ@M I " The ones'most likely to-be taken seri-
. ) . e : ously are those that are integrated with
! of people, inside and other major district efforts. There may
omstde the School : " be many existing plans or a set of plan-
sy stem, w orkin g m g eth eF' ning efforts taking place simultaneous- . -
| ly in a school or district on any number
- wwh a wmmomv gwwl. “ " of topics such as desegregatlon special "
¢ » L © education, magnet schools, bilingual
education, performance-based accreditation, program quality review, and 3
' efforts to improve students’.test scores. But, to become a truly successful -
venture, science education reform planning must become part of the whole, .
rather than an add-on. The goal is clear ease the 'work of educators «donot - ™ ,
" make it more difficult. ‘ ‘ % , '
* . Valuable plans are the result of a CrOSS—section \of_, people, inside and out-
side the school system working together with a common goal of irnproving -
all students’ access to hlgh-quallty science programs. Planning by aleader- :
" ship team—lnvolvmg the district’s educators pollcymakers parents AN

,
L]
o . | . . - . \ v

\

-

l: MC TIONS = VOLUME 1 -, o - : - 17
. ‘25 >



CHAPTER 3 Planriing for Change

community representatlves and often umversny faculty—typically focuses
on developing
C a vision; :
-d goals and objectives for mquuy-based mstructlon T
'O an overall approach and spec1ﬁc steps for d1str1ct and school
implementation;
o a district framework that out11nes what students should know .
Da process for evaluating progress toward program and student goals
' using a range of methods including student outcome data and
" o arealistic timetable.

{ : t R

In placesf where science\reform is progressing, there is usually a compre- (‘

" hensive long-range plan. Unfortunately, there are still too few examples of »
successes within these long-range reform efforts because many have only
'recently been launched But if there is any smgle lesson to be learned from
them, it is that there is no single mght approach. Effective plans reflect the
umqueness of the1r conunumtles—thelr problems and resources. This is not
to say that nothmg is known about what leads to successful planning. Much.

" has been learned from the experiences of those who have gone\before. Their

recommendations and cautions should be considered'l when\planning reform.

\

Planmng teams should begtn by examtmng practwes, policies, pro-
grams, and research that can inform the dzstncts thmkmg and
dectswnmakmg about sctence reform ,’ ' S <!

The best district-wide plannmg approaches tap the unique expertise of
team members ‘and reflect the d1str1cts own way of doing things. However,
practltloners have identified several activities that are valuable for everyone
‘because they help to determine district needs and the strategles school sys-
tems can usé to meet initial goals for science educatlon reform. It is usually
important to give attentlon to the national context as well as the state’s and
dlstnct S unique situation, hlstory, current status, and resources avallable for
science educatlon

- To: assess the national situation, d1str1cts can-examine natlonal standards
for science as well as the most recent and compelling research on child ~
learning, mstructlonal strategies, and assessment Planning team members
often identify and, if poss1ble visit districts across the country that are C
implementing inquiry-based science programs—particularly those districts’
that have similar student populations or those ‘that have made science a high v

i
i

\
‘
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priority. In these communities, team members can see how science has been’
made a core subject, how: teadhers receive well'designed professional devel-
opment (see CHAPTER 6), and how sufﬁclent financial support (see CHAPTER 7)
has been made avallable In addition to . < /
looking at other school systems dis- ., = -

trlcts often contact profess1onal assoc1 C ontact wam aw erien C 2 d
‘ \atlons and other known experts to

learn about nationally validated instruc- / K pr M&M@MW’ S mwmmwlﬂy

* tional materlals that align with. sc1ence and smtewzzde is perhwps
. ~standards, promote problem-solving ‘ ' o '

and critical thinking, and serve as. o N one @f the maost CMMF&Z .
examples of good practice. ~ . o wspects of planning. I
* At the state level, planning teams -/ " - T ' L
‘will often review the agenda for sci- . ' R
ence education. The state science framework or obJectlyes and the status of
statewide assessments in science for elementary middle, and high school’
students are often stud1ed Options for statew1de profess1onal development
in sc1ence content knowledge and pedagogy and the status of newly evolving
.teacher certrﬁcatlon programs or teacher preparatlon programs at the local \
colleges and unlvers1t1es are glven attention. Again, team members may lden—\
t1fy and visit schools and d1str1cts—tlus time within the state——that are C
1mplement1ng mquuy—based sc1ence programs that are allgned w1th state
frameworks. . . .
_ Equally unportant is to assess the d1str1ct S current science program
" - across all schools and grade levels Th1s may not be as easy as one might =
initially expect because of the autonomy many schools have in matters of
curriculum and instruction. Therefore, planning team members need to be
careful in determining how to examine the current condition of science edu-
~ cation in the d1str1ct and how to evaluate its strengths and weaknesses. The
identification and input: of teacher leaders and strong principals is important
. at this phase. Likewise, it is critical to-assess the actual and perceived needs
_for change and potentlal bamers to change. Such assessments can take the
form of surveys questlonnalres peer observatlons and examination of stu- -
- dent work. ~ g
Contact with exper1enced pracmtloners nat10nally and statew1de is per—
haps one of the most critical aspects of planning. Howard Nadler, science
coordinator in Neyv York. City’s Community School District 5, explains: “It
was especially helpful to us to talk to people who were engaged in the

VI:KCTIONSaVOLUMEl : , o E 27 | ‘ o ‘19



\

’CHA'P’I‘ER 3 Planning for C}ia'n\ge

SMART PLANNING IN NEW YORK CITY

With a boost from the National Science
Foundation, planning has begun to pay off
for New York City Community Schoot
Districts 3 and 5. The districts have been
reorganizing all of their elementary schools
to reflect the teaching and fearning modet
of what they call the “SMART Process.” But,
the ptanning really started even earlier with
a vision. Explains Howard Nadler, co-project
director, “prior to getting the planning grant
both districts had decided inquiry-based
instruction was what we wanted to do, with
whatever resources we had.”

“In each school we developed
school-based literacy teams. From the
beginning we were trying to say science
was a vehicle for overall literacy.” Nadler
and the other project director, Howard
Berger, are now working to link the science
and mathematics reform with other district
goals. “We've tried to formalize that
process this year with two three-day insti-
tutes called Science Links to Literacy,”adds
Nadler.

The co-leaders and their colleagues
developed a check list for their SMART
planning process:

® Identify and bring stakeholders (inter-
nal and external) together into a plan-
ning team.

® Look for funding sources (e.g., plan-
ning grants), if district resources are

limited, that will support a comprehen-
sive planning process.

® Conduct an assessment of best sci-
ence education practices, programs,
and policies.

® Based on the results of the assess-
ment, create a shared vision, establish
goals, and plan specific steps to reach
the vision and goals.

® [dentify funding sources to initiate and

sustain systemic science reform.

Establish a pfan for communicating

goals with parents and the community

at large.

® Build partnerships with business, high-
er education, and other community
organizations.

[+ ]

Nadier and Berger used their initial
seed money to support a year of planning
that included a self-study and making visits
to several districts already engaged in sys-
temic reform. Then, the two districts sub-
mitted a proposal for an NSF Local
Systemic Change Through Teacher
Enhancement project and were funded to
initiate their reform. “It's not been easy,”
but Nadler remains optimistic. “If we can
make it in New York...we’ll make it any-
where!”

process. Readmg is helpful, but it was more useful to sit down and talk W’lth o
someone and ask the hard questions. We visited sites of current NSF projects
so we could pick thelr brains about the lessons learned—and some that were
not learned.” “ S

s
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' CHAPTER 3 Pldnning Sor Changeb A L ; : *(
Theh plan should be realistic, with concrete steps and clear Y ‘
descnptwns of tndwtdual and mstrtutwnal responsrbzhttes and:
commttments e : ) :

A useful plan is more than Just abroad statement of vision. It also spells T
out where the project is gomg in spec1ﬁc terms, who is going to: do what
when, and how'they are gomg to get the support they need to accomphsh Lo
stated goals. The plan must include mechamsms for tracking progress toward
the speclﬁc goals and evaluatmg the success of the program over t1me “, {

In some districts; progress has been slowed because plans were vague
lacked clear commitments, or the assrgnment of responsibility was too dif-
fuse. In-one district, for example, the program implemented leadership devel- .
opment staff development cumcdlum restructunng, partnership ahgnments
and’ other components of its plan. But financial setbacks and other problems
in the dlstr1ct delayed the d1str1butlon of matenals for several years: Many
teachers who were eager to unplement new pract1ces were not able to do s0.
Clearer comnutments and responsibilities regardmg allgnment of ﬁnanclng
materials and profess1onal development could have helped prevent this loss.
“of momentum. - - ; K

Other d1str1cts have had- dlfﬁcultles because their plans were mcomplete
Effective plans address jmany: deferent areas mcludmg, but not limited to,

B time devoted to- sclence mstructlon for all students; - S
' @'school and district-based support for science; T .

8 cumculum mater1als A

O instructional models; . ' . k T ' o

O assessment approaches; | L O ' L
.+ , O materials management; o C
, O support for teachers knowledge of science content and '

O the assessment of student learnmg outcomes o I

[S—. ~
\ ‘ - \ N t
N .

Within each of these areas, there are often multlple tasks In planmng ~
professional development for example, team'leaders need to-include more -
+ than pedagog/ They also must include leadersh1p development, assistance

with science content and an understanding of how students learn science. '

As one district leader commented, “It needs to all happen at once and that

makes it difficult.”. < ! ‘

/
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CHAPTER-3 Planning for Change

Such planning can be time consumihg. “Time for thinking and planning is *
the biggest barrier,” says Linda Gregg, administrative specialist for K-6 math-
ematics and science in Las Vegas And yet the benefits that result from time
well invested are enormous. Partlc1pants gam a deeper understandmg of the
reform become more committed to taking actlon and develop the trust and
relatlpnslups essential to sustmmng and furthering change.

N

N

The plan should be a “living” document that evolves with changmg
* conditions in the cominunity. / ' »
Plans must be flexible and planning processes-continuous in order to take
advantage of the changes that are sure to result from the reform'program
itself. As a reform takes hold, new needs anse For example, professmna.l
development must advance along with teachers’ growing expertise. Budgets
too have to accommodate change over time. Gll Turchin, special assistant to
" the superintendent in New York City Community School Dgstnct 3 notes, “As ‘
we scale up our. commitm‘er‘it to more schools, we have to pay.teacher-facili-
tators, buy kits for each classroom, buy llbranes related to each sc1ence We
expect to increase our financial commitment by 25 percent a year. ” Linda
Gregg in Las Vegas adds, “Our project isimultidimensional ‘and we're just -~
' learning how to define that—going
S: . , o . from small group planning to:broad
A Cwmce,edmw_mr S med lo group planning and back to the small
do a belter j@b‘@f emgwga’mg ~-group. Back and forth. It never stops.”
: ‘ . b L Districts are in constant change.
community supp Oﬂ Y ‘ Superintendénts come and go. -
. giving the public an ~ Community ‘demographics change. This

. accurale p OF’WMM al 0 f may require revisiting the leadershlp
. roles assigned in the plan or it may

.the goals of reform. mean reexaniining the treatment of -

) ) ’ . ' . topics within the plan. Although unan-
ticipated change will surely come, the plan can lend greater stability to dis-
tricts in times of change than if no plan had existéd. Moreover, the plan itself '
_ can act as an impetus for discussion, delineating changed responsibilities ‘
and evaluating progress of the program. When new voices come along, plans
help in getting the buy-in necessary for sustaining reform. ‘I don't think
we've ever felt like we were done. We are constam:ly mod1fy1ng what we're - |
doing based on the feedback [of those joining the process],” explains Sam
Alessi, associate superintendent for curriculum, development, and evaluation
in Buffalo. '

' 3 0 . FOUNDATIONS = VOLUME 1



CHAPTER 3 ' Planning for Change

PLANNING UNIFIES SAN FRANCISCO

When the University of California, San
Francisco (UCSF) received a teacher
enhancement grant from the National
Science Foundation to train 100 new teach-
ers in kit-based science-inquiry instruction,
there were already two ongoing science
education reform projects in the San
Francisco district. The two earlier pro-
jects—one funded by the San Francisco
Education Fund and the U.S. Department of
Education to develop a district-wide group
of teacher leaders, the other, an
Exploratorium project previously supported

the programs and onto the needs of the
kids, people were able to leave their egos
behind,” says Annabelle Shrieve, formerly
the director of the UCSF project and now at
Education Development Center, about how
their work fit together. “Iit was just a lot of
give and take,” notes Shrieve, “each project
had something to offer an integrated pian.”
The Exploratorium had the resources of a
big museum; the university had scientists,
labs, and an affiliated hospital; the San
Francisco Education Fund had teachers with
more highly developed scientific back-

by NSF to provide individual teachers with
deeper knowledge of inquiry-based teach-
ing—had similar and complementary goals.
Despite this, there had been no real

coordination among the different initiatives;
but after a series of meetings between the
three groups, positive results began to
emerge. “Once the focus shifted away from

grounds.

Basic trust first had to be established
among the three groups as they struggled
to get past some obstacles. But today, the
three projects are no longer distinct. They
have integrated into one unified plan to
support elementary science education
reform in the entire City of San Francisco.

N

There should be one unified plan that integrotes all science ;thi'vi-
ties in a school or dlstnct This plan should be consistent with, or
lntegrated with, plans for other subJect areas and the school s or
district’s overall plan for reform ~ R

- Most successful districts avoid the project mentality, seeing reform as a
collection of: projeéts and, instead, focus on systémjc reform as a big pic- ‘
ture, a unified, inclusive view of science within the context of the school

\_-district’s more farreaching goals and obJectlves pohc1es and programs:

The plan for science must 1tse1f be comprehensive and coherent and

‘must in turn be consistent with broader district goals. Some schools, for

‘ example are science rich. They have sc1ence fairs, museum programs, field
tnps, science ennchment programs, profess1onal science consultants and a
menu of'Workshops for teachers. Though numerous, these act1v1t1es are
often just act1v1t1es—fragmented and independent, building deep understand-
ing of SCience in neither teachers nor studehts. Instead, schools and districts K

-
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CHAPTER 3 Planm'ng for Change - -

‘need a umﬁed plan that aligns everythmgsto the core curnculum and the
" broader goals of the program . :
In places where site-based planning and dec1s1onmak1ng are h1gh priori-
ties, currlculum professional development and assessment may vary from
- school to school. In many of these districts, in fact there are two parallel

“plans—a district plan and a site-based plan Though this has the advantage of

_ promoting | local ownershlp of the reform effort, it can create problems for | '
plannmg, 1mplementatlon and program evaluatlon It is up ‘to district and o

_site-based educators to figure out how to connect each school’s priorities
with d1str1ct expectations for 1mplementatlon and student outcomes while
making sure to meet mandates in the district’s requlred plans for such pro- .
grams as Title 1, special education, and bilingual education.

The process of creating a unified plan is sometimes frustrating and ardu-
ous, but,’ 'if nothing else, it helps to illuminate the compatlblllty and tensions
that exist between p1eces of the plan and the district’'s larger goals ) l
The plan should be defenszble to those hkely to questwn it. /

Parents, the public at large, and other ‘educators aré often skeptlcal or !
distrustful of arguments for 1nqu1ry—based science instruction. Some may
object to us1ng textbooks as resources instead of as the drivers of instruc--

- tion, or classrooms where children are movmg about talkmg to each other. ¢
Active classrooms often involve a k1nd of plcmned chaos but to parents it
may seéem’like chaos nonetheless Some parents may want the1r children‘to
léarn science in the old way—the way they were taught. Or they may want
their children to use textbooks, knowmg that college courses are often orga-
nized this way. . ; : S )

‘ Somewhere somehow, or at sometime, the case for science reform will
have to be. made and a defensrble plan will become a necessity. Linda Gregg
argues that science educators need to do a better job of engaging community
support by giving the public an accurate portrayal of the goals of reforim. Her

' 4efforts in Las Vegas encountered opposition from those who favored a back-
to- basics approach to teaching.

A strateglc approach to plannmg helped Gregg “D1scuss1on is not abad

' thing,” she says. “It has sharpened our vocabulary and 1dent1ﬁed red flag’
words. Knowmg your contextual community helps Then you can refine the
language you use in describing what you do. We try not to use the word
\reform Some people are willing to look at ‘practices,’ but saying reform
1mp11es you re taking a side.” o -

c *'32' !
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» Others make tl\le case/for mqmry—based science by ‘suggesting that 1t 1s an
. avenue to more equltable pract1ce Teachlng science th1s way creates class-
rooms in which all students .not' Just a select few can lea.rn science. Others 1
demonstrate how mqmry-based teach1ng in sciénce actually empowers chil-
dren to learn ‘the beneﬁts of which. ‘can cany over to other d1sc1phnes (see -

'

\ . -~ ’Q. -

e CHAPTER 9) . “ - : Y
A Perhaps the most ba51c aspect of the plan isa clear’ commumcat1on strat-
N egy One approach to unprovmg communication, for example is to show N 7
I«parents what rea.lly takes place in the classroom At parent meetmgs stu- '
‘ dents can set up matenals and lead their” parents through mvest1gat1ons -
- ‘Partnershlps can be bu1lt’ w1th museums and other commumty orgamzat1ons ~
3 that'will not only increase the cred1b111ty of the school’s reforms, but w111 '
\beneﬁt the commumtys understandmg (see CHAPTER,8); Another strategy is. ! ,—‘Li“
- to engage umversmy faculty nembers .and scientists as collaborators and .
" spokespeople. Whatever strategy 1s used mak1ng the case for sc1ence educa— g
tlon requlres project leaders to be savvy As one seasoned/educator pomted :
. out “It is essential to know the agenda of those in power. If you can gam
their support——espec1ally ﬁnanc1a1 support——the pubhc is more hkely to

IS | o
’

‘come: along S T N , C0

g

PLANNING RECAP

1. Planning teams should begin by examining practices, policies, pro-
‘grams, and research that can inform the district’s thinking and deci-
sionmaking about science reform.

2. The plan should be realistic, with concrete steps and clear descrip-
tions of individual and institutional responsibilities and commitments.

3. The plan should be a “living” document that evolves with changing
conditions in the community. )

4. There should be one unified plan that integrates all science activities
in a school or district. This plan should be consistent with, or inte-
grated with, plans for other subject areas and the school’s or district’s
overall plan for reform.

5. The plan should be defensible to those likely to question it.

~
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-

Suggested Readings o o
National Science Resources Center. (1997) Science for all children: A guzde
© to improving elementa'ry science education in your school district. - . b
' Washmgton DC National Academy Press.’ ) : ; '

-
[

. s [ . N . 7
National Science Resources Center. (1995). Elementary Science Leadership !
Institute planning book. Washiﬁgton, DC: National Science Resources -
Center, Smithsonian Institution, and National Academy of Sciences.

' National Science Teachers Associatioh (NSTA). (1997). NSTA pathways'to
the science standards: Guidelines Jor moving the vision into practice,
elementary school edition. Arhngton VA: NSTA. b oY

\

Regional Educational Laboratorles (1995) Facilitating systemw change m
science and mathematics educatwn A toolkit for professional developm
Andover, MA: The Regional Laboratory for Educannal Improvement of the
Northeast and Islands.

)’

o

\
1

Rhoton J, and Bowers; P. (Eds) (1996). Issues in sczence educatwn )
Arhngton VA: Natlonal Sc1ence Teachers Assoc1at10n

St John M. Céhfury J, ’I‘ibbitts F and Heenan ‘B. (1995). Reforming
elementary science education m urban districts. Inverness CA: Inverness
Research Assoc1ates N K

A
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CHAPTER 4/

Leadership .

' '
N

veryone talks about the unportance of leadershlp for si \
_ E change, and there' 1s no doubt that w1thout it, reform in science-
‘other aspect of educat10n will not.happen. Leadershlp implies change
v movement To lead is to move a group in a specified direction. Withou .
ship there is no purposeful change Without change there is no-re form 1ng.
N Yet there is, ;enormous confus1on about what leadership really is. Manyw ]
Y people assume that: leadershlp is what leaders do, and that educational lead- o
ers are, naturally, the people i 1n pos1tlons of authonty—pnmanly district and
school administrators and supervisors. Much research into the process of )
educational change—as well as-the experience and testimony of teachers—
tells us that this is an overly narrow, dlsempowermg viewpoint. One need
only l6ok as far as the. nearest top-down reform effort. These, based solely
on directives from adrmmstrators s1mply do not work very often. ‘

. Those who beliéve that leadershlp means the communication of a nus- , >
sion from the leader to school personnel are omlttmg a crucial element of ..
organizational dynamlcs Real leadership can be exerc1sed by people at all

‘ levels of an orgamzat1on whether or not they hold formal authority for mak-
"~ ing policy or day-to- -day decisions. ! / o ’ Ko

. Far schools, this means that the supenntendent ass1stant supermtendent

science coordmator principals, teachers, parents, students and other mem-
bers of the community can all exercise leadershlp, with varying | levels of "', . -
authority and responsibility. Indeed, systemlc school reform is so complex
+ and so dlfﬁcult that real progress often depends on having as many people as ‘
possible take respons1b111ty for making it happen. ! Y '
* .+ « This is not easy In many districts where' decisions have typically been .
\ made centrally, for example there 1§ talk of “flattening the organization” and” .
empowerlng teachers.” Many teachers are skeptical of such talk hav1ng
hved through earlier periods of “shared leadership” that often left them with
g the respons1b1]1ty ‘but httle of the authonty or power Those engaged in

\
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. . gain a.meaningful degree
-of control over their -

CHAPTER 4 Leadership
:“\' N ' '*-\ o | \f‘

change should systematically consider the relatlonshlp between respons1—

4

b1hty, authorlty, power, and leadership; and how to engage the whole’ com— L

munity of leaders in that process \ : . .

Leadershlp in the systemic reform model is the shanng of authority and
power sof that others gain a meaningful degree, of control over their own
work. Leadership also means being able to reflect honestly and critically on
one's own practices and being"Willing to reconsider and perhaps change

'some deeply held beliefs. In this chapter, practltloners who have been actlve—
ly engaged in systemic science educatlon reform offer some lessons that
emerged from their experience w1th leadershlp o o

- 0 ' -~
/. L N
14

- E’xerctsmg leadershtp requires deczswn makmg power or dzrect -

access to decisionmakers. N Voo /
Leaders of science reform efforts must understand how the system works
and know how, to mteract with people at all levels (U.S. Department of
’ Educatlon 1996). This means ﬁgunng

p
' out what s_ystems are in place, how

‘ Lewdersmp in the . those systems are structured, and

. -where the(science reform initlativ’e fits
in. The next steps are identifying what -
has to be modified, and how that might’
happen Negot1at1ng this kind of author—
ity can, be tncky, but it is essent1al

"~ One science coordmator reports
that in his community, no reform effort
- A Ras credlblhty unless the superinten-
oWwn wor: ke dent personally endorses it and reiter-

,_) ) ‘ ‘ * ates'supportona regular ba&s The

challenge facing the sc1ence coordmator however, was ﬁndmg a way to'

systemic rgéform ‘model is
the sharing of authority
and power so that others

‘ develop the Wldespread grassroots support in the program necessary to

ensure its sustamab1hty That k1nd of leadershlp could not come froma
superlntendents mandate. b T, -
Another coordmator had the oppOSIte problem. She had successfully:
developed support for the program from teachers and school administrators
“across the district. ‘Her frustratlon came from the fact that the people above-
‘her lacked deep understandmg of the reform, a prerequ131te of vision that is

necessary 'tO drive the rlght dec131ons Degisions were ultlmately made any- ° - -

way, this time based on political reasons, which led to negative impacts on . .

the program and serious ripple “effects. Her leadership challenge was to ﬁnd

\‘-‘, Y
by
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. .awayto persuade the people in authorrty to make the r1ght dec1s10ns
] “Without some measure of autonomy, some ability to_ make dec1s1ons on
behalf of.their colleagues .teacher leaders cannot create effective posrtrons
writes Pat Wasley (1991). In some cases, ,access to decrsron-maklng power is f
accomphshed by mcludmg teacher leaders in the planning of a reform pro-
gram’ from the begmnmg Annabelle, Shrieve, formerly with the-San Francisco
> City Science project, pomts out, “it shouldn’t-be the central office deciding -
- that the teacher leaders should do this or that The teacher leaders should
contr1bute to the discussion about what they will be domg—what they feel
comfortable doing.” District-level leaders need to\llsten closely to what those
teachers are saying and, at times; “they mlght have to take a r1sk ".8ays
Shneve “That’s hard foricenitral ofﬁce staff . ,
: Those with decrsron-makmg power or forral authorrty are somet1mes not
. effective leaders. “Lots of people who have t1tles may be: exertmg manage-
e ment,” says Sam Alessi, the associate supenntendent in Buffalo, “but they
(  aren't exerting leadership.” Paradoklcally, teachers who exercrse leadershrp
in more informalways are often more successful Melva Greene in the /
. Baltimore City Publlc Schools has noticed two kinds of teachers mvolved in '~ : b
" reform: “The ones who doit themselves, and the ones who are able to mﬂu-
ence others to do it.” The ones who do it themselves teach sc1ence in the1r
own classrooms have.a sense of what is good for chlldren and provrde a
grounding or reality check for their colleagues. The others, the informal’ lead- {
ers, step.outside their own classrooms and begln to persuade others that
\1nqu1ry-based science is good for their chlldren
-.John Cafarella, director of sc1ence 1n New York City Commumty School
D1str1ct 6 has found that’ some of the- most effectrve leaders in lus d1stnct
lead in subtle ways, such as through example “They have the knowledge but
\ . they don t. tell people what to do he says “They make the expenence come ’
allveforthepartrcrpants” o . c S '

1

'

+

’ | e
- . z ’

Schoaol and dtstnct personnel who want to exercise leadersth are \
helped by havmg clearly deﬁned respons;bzlmes, adequate support
and opportuntties to do thetr work. .. . .

Most communities begmmng a systermc science educatlon reform effort
need-to identify those who will take respons1b111ty at the outset for planning,
coMunication and professional development. As an ‘initiative begins, how-
ever, there can be a great deal of confusron about these roles. The leaders

. themselves may not know exactly what 'kind of support and authority they

w111 have Often other teachers and admlmstrators do not clearly understand

L
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CHAPTER 4 Leadership

MORE THAN BouTIQUES IN NEW YORK

In offering advice about identifying
leaders, John Cafarella, the director of sci-
ence for New York City Community District
6, says, “don’t make the mistakes we
made.” During the first years of professional
development for point lead teachers,
District 6 offered college credit and enrolled
people in the course, but there was no way
to hold them to a commitment back in their

had what Carafella calls, “boutiques of suc-
cess.” In other words, the district was not
on a trajectory toward sustained, systemic
change. This year, they decided to focus on
full-time teacher-leaders they call science
facilitators. The facilitators customize their
support to each school and focus on build-
ing leaders at each site. This approach has
proven successful and is increasing confi-

schools.
Identifying and supporting leaders was
successful, but only in isolated ways—they

dence that they are headed toward sus-
tained change.

A what the l/eaders are supposed to do. Clear descnptlons of these Toles are )
essential (Carter and Powell, 1992). . ' : /

Clanfymg the roles of leaders must go beyond puttlng pen to paper. In

g one community, for example, the expectatlons for school- level teacher-lead-

4 ers were not clearly defined; there was w1despread confus1on about what
they were supposed to do. One, teacher thought her role was hmlted to “shar-
ing information about the sc1ence program with other teachers in the .

. school.” Another thought she was expected to prov1de profess1onal develop—
ment for her colleagues Others focused mainly on providing materials to col- ;
' leagues or on domg demonstrat10n lessons. The science coordmator learned
about the confusion from the project evaluator and responded by wntmg B
descriptions of the leadershlp expectatlons for the teacherleaders and
-administrators. But without real models or direct ‘experience, this- document‘

. had neither the authority nor the cred1b111ty the teachers and prlnc1pals need-
ed to translate the role descnptlons into real classroom practlce “If you've
never seen or sensed 1t it's hard for you to know what to do. Somewhere SN
along the line you hope that someone has modeled for you what leadership
is,” explains Bill Badders, a science resource teacher in Cleveland. -

Badders has found that teacher-leaders need continuing, meaningful pro-

- fessional development—a subject also familiar to'Sam Alessi, who belie.ves‘ ‘
that it is just as important for teachers “to share what has been working and
not working, and to reflect on and, diséuss‘their own leadership,” asit isto

‘provide them with opportunltles for professional development in
inquiry-based science. In Las Vegas, teacher-leader Lorrame Blume expen—
ments with “bring alongs”—

Jouung a potential leader with a more experi- .
) N N
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. enced leader. The two ‘work collaboratively to plan and facilitate profes-

~ sional development much.like a mentorshlp, and then meet with others in

small study groups to debnef T /o . :

' Educators have found that profess1ona.l development for leaders needs to

14

) go beyond honing leadershlp skills. It also, must include support for the -lead-

ers’ own understan'ding of science content and how children come to learn_ '
that content. This is the aspect 'often overlooked

Even when teacher-leaders know what to do and have professmna.l devel-
opment support they do«not necessanly have adequate opportunities to ful-
fill their roles. This i 1s a cue for administrators to exercise their leadershlp
and to prov1de support and access, Teacher-leaders cannot be expected to,
support others when they themselves do not get sufficient support, Initiators
of reform cannot ask them to do somethmg with nething. Teacher leaders
must have sufficient time during the school day to plan and support others ‘
.and they must have access to the people they are supposed to be supportlng
(Powell and Carter 1992) . .

Bill Badders credlts his pnnc1pa.l Jim Ba.lotta w1th enabhng himto ° -

’
\

become aleader in h1s Cleveland d1stnct “It really was what he did those first

years when I worked w1th him,” says Badders. ““He tended to let me try’ thmgs
He found ways to support everybody. Good leaders know the strengths and
weaknesses of'the peoplé around them and are willing to give up some of |
the1r power. or control over an issue. They trust others to take the lead and

. support them when they are successful and also when there are failures.™

NECESSITY IS THE MOTHER OF INNOVATION IN LAS VEGAS

Las Vegas, Nevada, is growing faster school and the liaison’s experience. Second,
than nearly any other school district in the they have released a cadre of teachers on
nation. Linda Gregg, supervisor in the office special assignment who provide full-time
of mathematics and science, faces the chal- professional development support and par-
lenge of identifying and providing profes- ticipate in the planning and leadership of
sional development to a constant flow of the project. Finally, they have developed
newly minted teacher-leaders. mentorship strategies to bring new teachers

Despite the challenges, Gregg has man-  into leadership roles.
aged to succeed. The NSF-funded Local Due to the increasing demand, these
Systemic Change project, focusing on both new teacher-leaders are sometimes given
mathematics and science, uses a number of  responsibilities before they are completely
innovative strategies. First, there is a site comfortable, but Gregg is never far behind
liaison at each school who takes on a range with support and professional development.
of roles depending on the progress of that

!
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Leadership functions best when it is distributed across several

.- people who work as a team.

N

L

V-

Y

Change cannot be imposed, paxticularly when the scope of the lchange is

a whole system Researchers have found that it is useful to 1dent1fy and sup-
port a group of individuals in every
school in a system in order to seed

- v

N . A

. \ ) *
\ @@Mubomtiwe leadership

! is practical: when
zindzimduwls leave the

system, omers are wlrewdy

in p/!wce to suppom the
3 comtmwwtwn of the
1 mathtwe. K ‘

7

tures that were already working in the school

widespread support for reform (Kober,
" '1993). Somie practitioners seem to have
found ways to move beyond creating a _' '
few new roles for individuals in a
school and have reorgamzed their

. t1ve mode of work to replace teacher

1solatlon" (Lleberman 1988). The’

Center for Urban Science Education
Reform has found that the most suc-

* cessful schools have*1ncorporated the

leadexshlp for the science program into the leadershlp structures and cul-

- But, sometimes leadershlp by comnuttee is not the answer In these
. instances, the critical intervention of an md1v1dual w1th authonty is essential.
At Orchard Elementaxy in Cleveland principal "Teacola Offett acknowledges
* that her school’s part1c1pat10n\m a dlstnct-w1de science program d1d notreal- .
ly work until they started to use a team approach There have been times,

however, when the committee “can’t agree on what they want to do ” she

* reveals, “usually because they don t know what they are trymg to do.” At such
‘times, Offett believes, she must step in to focus the group on its purpose. But

_she rermnds herself ‘it takes: more than one person to carry out the mission.”

Collaborat1ve leadershlp is also essent13l at the district level. This does

not necessanly mean that all decisions are made democratically or “driven to .-
consensus...nor does it mean that empowerment is something that leaders
dole out to employees like scoops of ice cream”™. (Meumer and Gabor 1995)
" Rather, the greatest value-is in creating opportumtles for open commuruca—
tlon mutual cr1t1que and collaborat10n “I don’t know that there’s any - Other

: way to do it,” .says Sam Alessi: “There:i iSa leadership role that needs to be -,
played at all levels. The more you broaden that cadre, or leadership bank of y
support, the more successful your initiative will become.” Alessi also points '
out that collaboratlve leadership is practical: when individuals leave the sys-
- ‘tem, others are already in place to support the continuation of the 1mt1at1ve
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CHAPTER 4 Leadership

LEADERSHIP IN BALTIMORE IS OFTEN EASIER SAID THAN DONE

Even before the shake of a hand,
Andrea Bowden spontaneously cautions,
“it's easier said than done.” She views her
work with Melva Greene in the district's
central office as a “continuing saga.”
Bowden and Greene are the leaders of
Baltimore’s teacher-leaders.

Bowden continues, “that’s one of the
[big] issues with systemic reform. It doesn’t
happen overnight. it’s an ongoing effort that
takes more resources than you ever thought
were going to be necessary and | don’t just
mean money,” she pauses and sighs. “It
takes people cooperating and all kinds of
policy changes that sometimes fall into
place and sometimes don’t. Sometimes you
take one step forward and two steps back.”

Bowden and Greene perceive their role
as leaders in many dimensions. They sup-

port the other district-wide tEach'er-Ieaders,
support teacher-leaders who are based in
their schools, and provide opportunities for

" continuing growth for all leaders and class-

room teachers. e !

But when it comes down to it, however,

they view their role as setting the vision
and mission of the group. Though they are
committed to widely sharing Ieadershlp and
planning, they aiso have learned that “you
have to have a pretty firm vision or you lose
a lot of time.” So, they work across the dis-

 trict to build the vision and work collabora-

tively to develop and support it. As Bowden
explains, “[you] point people in-the right
direction, give them the matenals to work
with, and allow the creativity to craft a
plan.”

\
1

AT ' C . , S .
Ejfectwe leaders must be credtble and have a rapport with and the
respect of their colleagues. ‘ » . . .. '

" All leaders, whether with formal dec1510n makmg power or mformal :

* authority, need cred1b111ty (Carter and Powell 1992). In Balt1more Andrea
Bowden, supemsor of science, mathemat1cs -and health, and Melva, Greene
a curriculum spec1ahst found that it helped to work with people already rec-
ogmzed as leaders because usually these people were successful with ch1l-
dren, had faith in children, and were ‘respected by their colleagues The rap-

' port, these teachers en]oyed with- colleagues is grounded not in any formal
title or authonty but rather in their personal qualities and their relatlonshrps
‘to others in the school: These personal qual1t1es include empathy, ablhty to
‘collaborate knowledge; and havmg a sense of humor.

Also unportant partlcularly for teacher-leaders, is enthus1asm—sunply
wantmg to do the work. \Often this desire is tied to a strong personal connec-
- tion or stake in the\reform But it also is more than a desire to make change.
It is-reaching what Bowden calls a “maturation in your own profess1onal
hfe ” a point where you want to take a step beyond unpactlng just the chil-
dren In your own classroom Nevertheless, a teacher {nay be the best in the

Ny
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school with children, but may not work well w1th adults The ablllty to work '
with children and adults ahke is critical for teacher-leaders.

- Effective teacher-leaders contmually strive to improve the1r teaching
practice, develop their skills in mquu’y—based instruction, and. sharpen their
understanding of science content. A mark of their success is their willingness
to ‘continue to see themselves as learners. In Las Vegas, Linda Gregg looks
for people~who are open to new ideas, think deeply about how children -
learn, are flexible in their thmkmg, and are w1llmg to reflect on their own
practice. She wants people who dre’ cont1nu1ng learners and willing to

, change . : c

'Sam Alessi of Buffalo has found that, “you tend to assume that the kmds ,
of changes that you dre trylng to implement are happemng and this isn 't ‘{

. always true. In fact it often isn't true. It’s dlfﬁcult for those of us in leader-
ship roles to accept that we have to question our assumptlons " As a result,
Alessi values people who are willing to participate in evaluation, but he does
not exclude himself from the process. Says AleSSl “We are constantly modl— .
fymg, expanding, and changmg what we re domg based on the, feedback and E
input from everybody involved.” It is the only. way to get to the.bottom line,
“making a difference for kids.” o ' -

: T
,'e'/ . ( 4 N "

Exercising le'adershib means having a clear understanding of and
commitment to good science teachmg and learning. - T
It is perhaps impossible to build momentum for an initiative unless dec1—
sionmakers believe in the initiative and are commltted to its goals The
. National Center for the Improvement of Science Educatlon asserts that dlS-
~ trictand bmldmg admlnlstrators often don't understand what good science
teaching is. Admlmstrators may not need the same level of understandmg as
classroom teachers, ‘but they must know enough to support and monitor the
- 'work (Loucks—Horsley et al., 1989). Effective leaders “know where they are
gomg, even if they are not quite’sure how they are going to get there writes
thp Schiecty (1992). ~ , y '
- ‘Lorraine Blume says she can think of a “million examples of when her
~ efforts at leadership did not turn out quite as she had planned. But her
underly1ng commitment to lnqulry—based science educatlon and to profes-
51onal development that “maintains a trueness to what we believe,” as she =
puts it, helps her to reﬂect on her experiences and make them better next
© time. ) S ; .
Melva Greene in Baltlmore offers this ‘advice, “Don’t underestlmate the
unportance of behevmg that the children can do it. I keep thlnklng about the -

J
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people who Dbelieved that regardless of the compos1tlon of the classes /the
k1ds could do 1t 7 ’ . . S

[N o Y v

Leaders are not always who you think they are. |
Identrfylng people who are best able to exert leadershlp is not a s1mple \
task. Sam Alessi cautions against making assumptlons about who are’ sup-
posed to be the leaders. Sometimes people are selected for leadership based
on mappropnate or too few criteria. For, mstance enthus1asm although a
Lhelpful attribute, will not itself y1eld effective. leadership. .. - ‘
o In Las Vegas, Lorraine Blume found that choosmg people who had been .
prev10usly ordained as leaders'was sometlmes problemat1c They understood
leadershlp in the “old paradlgm, "she says and often held fixed bellefs about’
what a leader was. “It s more difficult to change the paradlgm for them,” she
explams “Its ot always the same person you would have picked out of a
crowd before [the reform uutlatlve came along] " .

* Most pract1t1oners confirm that there is no smgle process for 1dent1fy1ng
leaders. They argue that it is most effective to provide opportunities for, par-’
‘ticipation and growth to many people and then watch as leaders naturally. .
emerge. Sam Alessi advocates contmumg mteractlons and d1scuss1ons with
people inside and outside the d1str1ct at all levels while you “keep ﬁyour eyes
and ears open for those who seem to demonstrate natural k1nds of leader- .
ship ability: empathy, Wllhngness to reflect, to be collaborat1ve to accept and
offer criticism. Then ﬁnd opportumtles to work with those people ” ‘
Sometimes, though, there is little time to spare Susan Sprague, the science: - .

. program director in Mesa, Arizona, suggests that at- the very begmmng ofa.
science initiative it is important to staxt developlng and identifying’ leaders .
nght away. “Try to figure out how many leaders you need,” says Sprague

. “and then double that iumber.” -

)

~

’
~
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LEADERSHIP RECAP S

1. Exercising leadership requires decision-making power or d1rect
access to decisionmakers. .

2. Those who want to exercise leadership can be aided with clearly
defined responsibilities, adequate support, and opportunities to do
their work. _

3. Leadership functions best when it is distributed across several people
who work as a team. .

4. Effective leaders must be credible and have a rapport with and the
respect of their colleagues.

5. Exereising leadership means having a clear understanding ‘of and
commitment to good science teaching and learning. .. [ |

6. Leaders are not always who you think they are. .

. 'r -
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Crrcuﬂum, Emstructron
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‘work—curnculum (content), teachlng, and assessment of student le ‘
"are interlocked like the three sides of a tnangle Though'a triangle Ca.lil
sonably be v1ewed as three joined line segments, it can also be seen more
hohstlcally as one polygon Just Happening to have three srdes Slmllarly, cur- R
riculum, teachlng, and student assessment can reasonably be seen as sep/a- T
rate and distinct act1v1t1es—as they have been’ throughout much of the b
course of eplstemologlcal mquu'y 1nto science education—or as' one.- ‘
Systemlc reform sees them as one. They are one, having been mterwoven
countless tunes in the daily roundabout of any class of students and their _
teacher. - ‘ LT v T ,
While recogmzmg each classroom as different, school d1stncts need to
- implement structures and pohcles that guide classroom work without remov-
ing the ﬁex1b1hty needed to spur teacher creativity and meet the needs of, a
diverse groups of students Tlus notion is embedded in the Natlonal Sclence
Educatlon Standards wmch include goals and guidelines in all: three areas.
~The standards are Just one of many documents available today(that défine . h
‘good science educatlon Others include the Benchmarks for Sclence L1teracy,
the work of the New Standards Project, and numerous state frameworks .~
based on these documents. Tlus chapter focuses on some of the lessons .
learned about rmplementlng curnculum matenals teaching, and assessment '

¢ 4 'y
reforms . _ i .

'

4

’
. v, M ~ s o ' v
o [ Vv A

'~ J ~ N

States and dlstncts should have a gutdmg curnculum P

L

framework document. Lo ~ e '

. ..

Many d1str1cts engaged in reform have learned the value of” creatlng a.
guiding framework or course,of study—a document that artlculates the
knowledgetand SklllS that students should have at particular points in time
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¢HAPTER 5 Curriculum, Instruction, and Assessment
and recommends instructional strategies to accomplish these'ends

- (Eisenhower Mathematlcs and Science Regional Consortia,"1995). Looking
back at the earher days of their reform, Melanie Barron the science coordi-

nator in Cambridge, Massachusetts, says, “I started inside-out, withouta . =~

" framework. [The] teachers would have probably felt moresecure if they had
had more of a map of where we were going, but I didn’t have one to give
them. The work would have hung oh a scaffold that had some coherence ”'
A frameworkiis a d1stnct—w1de or statewide document that contains a
" “clear and logical set of expectatlons It prov1des 4 guide for the selection of
curriculum matenals it helps teachers\choose effective classroom practices,
and it promotes coordination and articulation across schools grade levels,
and subject areas. Without such a ‘compact, the oppoxtumty for students to -
learn a coherent body ‘of knowledge cannot be_ guaranteed they may-
encounter the same topics in grade ‘after grade, their study of science may
not complement their study of other subjects, and the1r intellectual progress
may be Jeopardlzed if they change schools. The strains- these problems place’
: on teachers can also be cons1derable

A ﬁwmework isa ) The development ofa cumculum
framework offers the opportumty to

g dzzstmct-wade or smtewade tap'a wide range of perspectlves in

d@cumem WMM conmms a ’ deﬁmng the science program In some
' cases, thls process in itself produces a

clear and l@gwwl set of . deeper understandmg of the goals and

ewecmm’@m° o E strategles of reform. Judy Reid, prOJect :

.- coordinator for the Earth, Systems
Implementatlon Project in Anchorage, Alaska, included teachérs and deci-
‘s1onmakers such as school board members, principals, the head of the cur-
-riculum department, and d1rectors of elementary.education, in her 2-year
effort to complete a science framework “It was Sometimes a challenge,”
Reid admlts “to pull a dlverse group of people into the development process
\ and keep them involved i ina meamngful way.” But there were beneﬁts of hav-»
ing such.a group: the multitude of-opinions, 1dent1ﬁcatlon of roles for- key
constituencies, and the support it produced for tedchers durlng the actual
unplementatlon Reid stresses two pomts “Don’t underestimate time frames; *
" leave yourself time to do it well. And only have conversations that move the
’ prOJect forward. ” Time is cntlcal because wrltmg a framework involves mak-
‘ ing difficult decisions. '
D1str1cts must cons1der local circumstances, state frameworks, and other

2

i A

pohc1es that may unpact implementation. In Massachusetts, for example, the
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y -
state Department of Educatlon has developed a sclence and technology BN

. framework based on the Natlonal Science Education Standards Now the clty

of Boston is developlng its own standards for every grade trylng to stay o
. within the state guidelines. In v - Lo
" Cambridge, planners decided to keeép. _' v A, '
~ their framework short and focused on- , y Amwmmm and )
key concepts and skills, choosing to N connections across .

create the necessdry coherence PR -
h the - ubjects are central to
through the required use of certain cur;;/ . Sty Is a lo ",

_riculum materials: Boston, on the other " broad and deep student -

'_’ hand, with’its more detarled frame- o Ileummg] wmdf@r eﬁfecta’we
work will not necessanly requrre the N - e R
same matenals in every classroom b Mse ,@f tzzme wmd resour CEs.

\

Boston and Cambridge illustrate dif- B i

ferent approaches to providing guldance and coherence to the cumculum

framework. If it is too specific; teachers lack the ﬂex1b111ty to select mterest—

ing new curricula and to build on the interests and strengths of their stu—

' dents. On the other hand, too general a framework cannot prov1de ‘the

coherence and coordmatlon necessa.ry for an effective: program '

Another critical decision is how to coordmate the science framework

» with thosé of other d1sc1phnes Artlculatlon and connections across subJects

are central to broad and deep student learning and for effective use of time -

and resources. In Spring Branch, Texas, coordinators of all the ' major sub-

Jects work with teacher teams to develop frameworks curriculum, and .

* instruction. Pal;tlcularly important is coordination among $cience, mathemat:
ics, and language arts. When frameworks for mathematics and science are

' coordinated, the appropriate mathematical skills needed to teach sc1ence are
taught and’ remforced in the mathematlcs curnculum When science and lan-
guage arts frameworks are coordmated students commumcatlon skills are °
enhanced through a language arts unit on expository writing and readmgs
within the partlcular science top1c In New York Clty Community School e
Districts 3 and 5, literature libraries accompany every unit, and curriculum -
téams at each school assist teachers in the integration of the two domains. Ini
Pasadena California, where 'students keep science notebooks throughout the
elementary years writing skills have shown marked unprovement over time.

‘ A curnculum framework is only the begmmng and it may not by itself; be: -

‘ enough to substantlally affect practices in the classroom (NCREL, 1994). A '
framework is not, after all, a curriculum and will probably seem too broad,
too vague or too laden with objectives to be useful as a guide for teachers

)

o

EKI‘IONS- VoLumel ' ¢ o 4?), | \A 394 '



- “this approach

: hzgh-qualtty mstructwnal materials.
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practicYe(‘ It is only a.scaffold; the building—the curriculum itself—must rise
| . v .

within‘it. ) i

Schools and districts must promde students and teachers wtth

4 /
! €
The curriculum is the actual plan of'instruction that details the content

. students are to know, how they are to learn it, the’ role of the teacher, and

4

the context within which teaching and learning will take place (NCREL,

1994). Having h1gh—quahty instructional materlals is the next essential.piece:

Educators find that usmg exemplary materials i 1s the key to translatmg the '
framework 1nto practlce [ o
Exemplary materlals are those that ' .

A

i
4

2] enhance the knowledge thmklng skxlls and problem-solvmg ab111t1es L

) «

r of all students; '
' o apply the latest research on teachmg and learnmg, ‘ J
LE engage students in active learnmg and make approprlate use-of .
*technology; fv ‘ . ‘ . . ;
@ are content accurate and age appropnate and ;
@ assist teachers in changing practice.

! Pl

‘Good materials also help teachers to teach more effectiyely and enhance.
their skills. These teacher-supportive materials coordinate science with other
subjects, are comfortable to use, provide day -to-day’ guidance, and offer
teachers the occasion to expand and enrlch thelr teachlng skills as:. ‘they gain
experience.” o y ! '

Some dlStI'lCtS adopt a smgle set of materlals for all classrooms In such -

icases it is very unportant that adoption policies allow for the selectlon of

' cumcula that are'inquiry- and matenals-based and come in modular form. To"

-support the unplementatlon of 1ts science framework, the state of Cahforma
made its adoptlon pohc1es more inclusive in 1992, clearmg the way for the |

. state board of education to'reject inferior texts and choose more innovative .

materials. Some districts do not have a formal adoptlon process but require a
set of units of study at each grade level. Pasadena, Califormiia, Anchorage 2
Alaska, Cambrldge Massachusetts and San Francisco, California, all take

Yet another approach is to allow schools to select the1r own materlals

. from an approved set gulded by a district framework. When Cleveland Ohio, '

wll Toxt Provided by ERIC

with its decentrahzed system was’ ready to choose cumcula science coord1-

i nator Lawanna Whlte c1rculated a set of boxes of exemplary materials
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among all the schools so that each might detemune its own program Tlus

eventua.lly ledto a more formal d1str1ct-w1de adoption process. R

" 'Some dlstncts supplement purchased curriculum with modules particular-.

ly relevant to local issues. Others adapt them in other ways. Many educators .

argue that teachers should be free to adapt and enrich pubhshed materials, ’

but warn them against trying to develop their own from scratch “Don’t write

_your own curriculum,” says Jerry Pine, a professor of blophy51cs at the -
Cahforma Institute of Technology. “It’s too expenswe and tlme-consunung to

. do it well Careful curriculum development requires con51derable tune

resources and support Researchlng, w\ntmg, field testmg, and pﬂotmg a new
cun'lculum isa full time JOb that takes years. Few classroom teachers have t
the necessary support to’ balance such work w1th dally responSIblhty for
students ey : Lo

" ~ ' A .
/,\ o -, R ’
A

Schools and dtstncts must have a system Jor purchasmg, stormg,
and refurbtshmg matenals kits. ' K o \
‘ Hav1ng comm1tted themselves to an 1nquuy approach to saence educa— :

tlon schools and districts must grapple w1th the need for a system for pur- |

chasmg, storing, and refurblshlng materlals Kits- ‘and getting them mto class- .

+ rooms. It is difficult to gather materials, replace what gets used up, and fix or

replace what gets lost, worn out, or broken Having a good system makes a
big dlfference “When, teachers know they don’t have to go scroungmg for "
materlals says Judy Reld
‘removes’ some of the reasons for them’
not to teach science.” !

o Some dlstncts like Mesa, Anzona

B “
v

B usinesses, universities, -

, and Pasadena, Cahforma have a fully G-Md other or, g @mazwm@ms
' staffed central site where matenals can be 3dur¢e3,@f ﬁmw‘mm’wl '
, are purchased, stored, and refur- e, . i .
bished. Kits are delivered to class- and lm-‘kWMi T§Mp /4 wa or
rooms, picked up, arid returned on a mwteﬁulsm@mwgememt ‘

e

“sent out agam Thls model works well AR
-where the cumculum is centrally determmed and the dlStrlCt is w11hng to
~commit the necessary resources. Many communities have found that such a

materials management system saves money. Kits can be rotated among class-*

| ‘rooms, reduc1ng the number that must be purchased. Huntsvﬂle Alabama,

provides this service to neighboring districts as well as the city itself. In fact, _

SO many dlstncts have created central materials-sites that it has given rise to
vt . i ol '
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CHAPTER 5 Cu_h*iculum, Instruction, anq Assessment

an organization’ ‘devoted solely to this pﬁrpose, the Association,of Science
Materials Centers. N
Other districts, such as San Franc1sco use a pa1tly decentrahzed model

* where all materials are ordered by a single office in response to schools’
requests. The schobls are individually responsible‘forscheduling and distrib—
.uting them to teachers Thrs model ! may. work better where space is at a pre—
mium and ﬂexrblhty is a priority.

Still other districts are fully decentrahzed Space is set aside in each . A
school and teachers or other staff are responsible for acquiring, refurblshmg,

" and distributing materials. This model maximizes school autonomy but may
sacnﬁce the efﬁc1ency of centrahzed purchasing and management.

Busmesses umvers1t:1es and other orgamzatlons can be sources of ﬁnan—
cial and in-kind support for materlals management In some communities -

" such partner organizations provide space, volunteers to staff a center, collec-’
tion.and distribution of excess resonrces" from the community, or transporta-
tion. Some even sponsor a particular module of kit. In Buffalo, the Museum !
of Natural History provided space and staff for materials until it was able to
secre a separate building for use by the schools. In Palo Alto, California, _
Hewlett- Packard offered space in its headquarters where a group of retirees - "
set up a science matenals center to serve several local communities. In San

A

AF‘ranc1sco a corporate sponsor pr0v1ded funds for purchasmg children’s [~ .
books to supplement the modules and kits that teachers were using. g ‘ AR
. Teachers, in turn were invited,to make a presentatlon to the company’s , N

board of directors showing their students’ work and demonstratmg the
impact of the company s mvestment f ~
. I A
~  Assessment instruments must aligrg with teaching practices,; ’
instructional materials, and expectations at the district level.
Large-scale testing is used for many reasons: to assess the health of the .
nation’s schools, to make districts accountable for the state tax dollars, to" _
_ ensnre equity, to hold principals and teachers answerable for student perfor— . '
. mance to inform parents of their children’s progress, to place students in -
special programs or advance them to higher levels, to make students demon— ;
strate' what they have learned, and to adjust and adapt instruction to better -
- meet student needs. They are a fact of life at every level of the education
system. ' " ‘ ‘ ’
Tests that bear large consequences for districts, schools, classrooms, of
students hold powerful influence over curriculum and instruction. These
hlgh stakes tests—such as those tied dlrectly to district aid or student pro—

EKC ' . - o .
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motlon—can press teachers to teach what is-on that test. This often has not
only a major effect on what content i s taught but also on 1 how itis taught
Pure mult1ple-ch01ce factual recall tests offer strong disincentives to adopt-
e 1ng an inquiry approach to teaching and’'can render mqulry—based reform pro-
' grams impotent. Those planning a reform process must examine ex15t1ng

, Dolicies and tests to see ‘how they align with the goals of the effort.

On the other hand, tests can sometlmes result in greater emphasis on sci- -
_ence teaching and- Jearning in a state or district. Good tests not. only support
good instruction but also build commumty understandlng of good science
teachmg If science education i is to improve, it must become a core subJect in
the curriculum and must be mcluded among other subJects in tests that hold
districts accountable for student performance

Robert Rothman author of'Measuring Up: Standards Assessment and
Séhool Reform (1995), notes, “teachers who choose to focus on what is test-
‘ed must leave somethmg else out. In some extreme cases, whole subject . -
areas are left out, at least for part of the year. If the state tests students i m
readmg and mathemat1cs for- -example, teachers s may put off instruction in
'science and social- stud1es untrl after the test.” Few dlstncts may adnut to
this pract1ce but it is frequent in many states where reading and mathemat-

: 1cs tests are strongly emphasized. '
Testing policy and tests themselves must change to reﬂect new approach-
“es to learning. The current reform movement advocates active learmng, deep
‘ engagement w1th an idea rather than learmng a large number of facts, and‘an
emphasrs on sc1ent1ﬁc reasomng and inquiry skills. Too often tests and
reform programs remam at cross purposes. Simply put, tests must measure ’
what is valued and taught. . . .

-New Ways to Assess Lea’mmg in Science (Swartz, 1991) contains a num- o

ber of examples, of poorly desrgned and well desrgned test questlons that
1llustrate the lmportance of quality testing. Taken from this source the ques-
tions bélow aré designed to test students’ knowledge and understandmg of
endangered species and extmctlon BN . - y
/ . o ,
1. Which of the followmg Species of animals 1s now extlnct”
a) the African _Elephant ‘
b) the Dlnosaur -
c) the Horse _ .
d) the Gypsy Moth- ' : o o S
. . ) . o

< )
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CHAPTER 5 Curriculum, Instruction, ‘and Assessment
e \ 2, True or False: Animals are said to be endangered if they

“no longer. eX|st |

| = . ) ) . )

Correct responses to these questions may come from a real understand—

ing of extinction, may reflect the student’s familiarity with these particular

_ facts’and definitions, or may be lucky guesses. From t;hesstudent response _‘
= _ alone, it is not possible to tell. When'tests empha.s1ze factual

A mult1ple -choice and true—fa.lse questions, teachers and students are less ; )

' motivated to explore the topic in a deep and mtellectua.lly meamngful way. .

N

\

3. When prairie dogs are near farms they eat farmers’ crops.
: ! Because of this, farmers have killed thousands of prairie dogs.
Black-footed ferrets eat prairie dogs Explaln what problem thls‘ .

4 poses for the ferrets and why this is a problem. . [

) \

4 Suppo‘se you were asked to observe the feeding habits of - |
black-fodted ferrets so.that you could gather some data about K
this problem. Describe-what you would do to make sure that : . o
\" . \you!r observations were as accurate as possible and that you -
* brought' back data that other people could trust. Write out a plan
listing all the things you would think about beforehand} . -
Open -ended questions like these prov1de 1nformat1on not only on what
children know but’also on how they use what they know—t;hey reveal t;he
| thmkmg processes of the test: taker. A fourth—graders response to Quest1on

v

3 follows A I _
! L . - . B Vo
If there aren’t enough prairiedogs for the ferrets to eat many of
‘them will starve to death. That S because prairie dogs are théir main-

food. If the farmers Kill most or aII of the prairie dogs; this-will be a o

¢

big problem because most of the ferrets m|ght dié. This would mean
“ '; that their population would become very low. This would mean that
v .. they could become endangered species. And if they all die they i
would become extinct. Then there would never be any other ferrets. o
- And maybe this would not just be‘a problem for the ferrets. If other .
animals depended on the ferrets for their food, they could become e

s extinct too. " - . '

L . N - N o K l
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: LM
- This response demonstrates that the student understands qmte deeply the )
concept of extinction and can use thls understandlng to explam the broader '
- scientific connect10ns and consequences of extmct\lon Contrast tlus
response: mth quest10n one, the ablllty to identify dinosaurs as an extmct
'specles It is not only more complex it is more meanlngful powerful, and
relevant This is why the i mqmry approach a.nd systenruc reform place such
value on depth of understandlng and the ablhty to use it. But teachmg for
' this kind of understandlng takes t1me and it means maklng tradeoffs in the
cumculum—not teaching something else. -
Open-ended questlons are one type | in a group of so-called alternatlve
assessments These 1nclude a variety of strateg1es exlubltlons perfor-
mances, demonstrations, hands-on expenments , Journal wrltmg, computer .
simulations, and portfohos of student work (NCREL 1994) Some cogmtlve L7
sc1ent1sts and educatlon reformers, such ‘as Theodore R Slzer argue that ‘ 5
- performances and exh1b1t10ns are the klIldS of assessments that test instruc- .
tion that leads to true learmng They demand much of students. Students '
- 'must demonstrate their learning in the real-world context and. exlublt a range

- of abilities, not just specific skills and factual knowledge (Rothman 1995) .
7 The disadvantage of open—ended quest10ns and other alternatlve assess- '

ments is that they are costly, dlfﬁcult to create, t1me consummg, and difficult |

to score. There are _many questions about the feaSIblllty of their. use, partlcu-

\ Some assessments are being developed at the classroom and schoool
levels that are d1rectly related to the curriculum. In Pasadena, teachers are o
using student sc1ence notebooks as assessments as well as perfonnance
tasks. Jerry Pine, a sc1ent1st partner in Pasadena contends that perfor- ot
mance assessments for grades K 6 should be linked to the cumculum The' . .,
Pasadena model i$ being’ unplemented in part by teachers who’ are well « ‘
versed in teachmg inquiry- based scierice.in collaboratmn with sc1ent1sts and B
~ assessment consultants. The startlng point for developmg the assessments is

' ‘usually the embedded assessments found in exemplary commerc1al curricu- -
lumumts N . - ) ' Cess
" There are still many challenges‘ to be overcome: how to create cost- ' , A

. effective assessments 'how to score them objectively, and how schools and

dlstncts can use them .effectively for accountablhty Science education )
bl ¢ .

14 -~

\

1 Robert Ma.rzano, deputy director of training and development at the Mid-continent Regional
Educational Laboratory, has created some useful rubncs for scoring performance tasks. The
rubrics are based on the various skills that students are expected to develop and demonstrate
(see Assessing Student Outcomes by Marzano a.nd colleagues) .
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reformers must find a way to satisfy both the demand for accountablhty—

what is happening at state, district, school and classroom levels—and the
need to develop appropriate and useful measures of what the reform effort '
values. It is not enough to condemn traditional multlple choice testmg
Reformers themselves must begin to offer alternatlves In the meantlme, A
however, teachers must invest themselves in making valuable use of testing
and making testmg a valuable part of teaching and leammg ‘They must
sharpen their ability to use tests to guide instruction, to measure the devel-
“opmerit of their students, and to provide parents w1th accurate measures of

their children’ s work.

CURRICULUM, INSTRUCTION, ASSESSMENT REcCAP

1. States and districts should have a guiding curriculum framework doc-

ument.

2. Schools and districts must provide students and teachers with

high-quality instructional materials.

3. Schools and districts must have a system for purchasing, storing, énd

refurbishing materials kits.

4. Assessment instruments must align with teaching practices, instruc-
tional materials, and expectations at the district level.

Y
N . i
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" ideas about leammg theory. [We] developed a new culture for leamm ,‘ ‘
says science resource teacher Bill Badders, who organized the group several
years ago. It has provided the opportunity- “to reﬂect honestly and openly..

about our pedagogy, our content undekrstandmg, our knowledge of teachmg, ‘ !

A

' and our ability to assess both ourselves and our students” (Badders, 1996). -
IR . . B Although self-initiated, Badders’s - '
‘ ‘E\/ : , o ;o - study group is an example of the innov- \
V ducators are moutng ative ways educators are thinking '

; ", wwwi/ ﬁ@m ﬁwgmented, . about professional development—a’_ .

.

N

‘ v1ta1 ‘element in any systemic reform w
i effort. Historically, professmnal devel- , {
__coherem pmfesszioml : opment consisted of a menu of offer: :

. T dlscrete sessions that teachers L
development plans . Jngs: : ‘
R P P ,ﬁ would choose from, based on the1r

or: gwmzed ‘QW' ound 36}00705 individual interests. But some ..

and dzzsﬂmct gmwls f@ﬂ' R researchers now argue that these more ’
Lo N e conventional forms of enhancement are
edmwmnwl ampr @wementf ineffective, pnmanly because they are .
S, ' Coo designed in isolation of teachers and do - ;

'not address the realities of the classroom (Corcoran 1995) L g

‘Educators are mov1ng away from fragmented p1ecemeal offenngs to '
coherent professmnal development plans orgamzed around school and dis- ‘
" trict goals for educational improvement (Sparks, 1994). Random, packaged ,
events are being replaced by programs that engage teachers in an ongoing .

s

piecemeal offerings to

O ‘ . ey - T - - . .
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~

process of reﬂectlve learmng (Regional Laboratory for Educatlon

Improvement of the Northeast and Islands, 1995). . \ ’

With these changes, knowledge of what makes for meanmgful effective
professmnal development has grown. The Nat1onal Science Educatlon
Standards (1996) are among works that 1dent1fy the charactenstlcs of good
professional development: collegiality and collaboration; participant involve-
L N ment in decisionmaking; expenmentatlon and risk taking; and mtegratlon of

md1v1dual school, and district goals (Arbuckle and Murray, 1989). Perhaps

) most lmportant, professional development must be “based on what'is knoyvn‘ ‘

about learning and the process of change” (Loucks-Horsley et al., 1987).

.. In the niove toward improved professional development, educators have
stumbled ilpon anew challenge the skills and interests of teachers and.
administrators are ever- changmg As aresult, they are'seeking ways to bal—
ance professmnal development that is-geared toward particular levels of
. understanding and expenence with the needs of teachers, schools, and d1s-
, tricts to remain flexible and adaptable. In this chapter educators share a
number of lessons about how to design professional development to max1—

rruze the lmprovement of sc1ence education in their schools. -
N \

- N
- Schools and dtstrwts must redefine professwnal development and
ﬁnd innovative, ﬂextble ways to create and’ manage time for it.

Teachers need professional development experiences that give them
opportumt1es to share knowledge to connect their learmng dlrectly to the
‘context of their teachmg, and to gain leadership expertlse ’
(DarlingiHammond and McLaughlin, 1995). Strategies often include peer
" coaching, researcher experiences, journal writing, mentonng, network1ng,
and study groups like the Journeys project in Cleveland.

In Mesa, Arizona, science program director Susan Sprague believes these
alternative approaches are gaining ground. As.the skills and’ interests of -
teachers evolve, the Mesa program puts less emphasis on introductory cur-
riculum workshops and other forms of mfownatwn giving and focuses
more on contemplatlve collaboratlve learning. These strategies allow teach- a ,
ers, who often work in isolation, to reflect on experiences, spend time in. .
each others classrooms and get feedback from those who know the1r
schools and students best—the1r fellow colleagues. .

_Greg Knisely, a professor at Rhode Island College, is expenmentmg with

" another approach. He works with a consortium of school districts on a joint-
1y run, NSF-funded project called KITES—Kits in Teaching Elementary -, |
N Sc1ence The project pairs expenenced teachers from the d1str1cts with

\
\
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college students who are trammg to become teachers. The experlenced ,
teachers prepare inquiry-based science instrictional matenals and then
introduce them irito their classrooms in collaboranon with the teacher—
“trainees. : ’ '
Linda Gregg, the administrative spe— a .
, cialist for K-5 mathematics and science M any @f the pmfegsj@mwl
\ in Las Vegas, also uses classrpomn col; devel@pmem solutions that
aboration as a form of professional 1
‘development/ Teacher—leaders conduct edmcmors ﬂwwe cmwted

\ science lessons in classrooms whlle re quw,e an ew appro ach to .
the class teacher learns by reflective : »

observation. Because this take$ place . scheduhmg, staffing, MMGZ\‘

in their own classrooms with their . grouping wwwmg/emem‘s

own students, teachers who might ordi- -

narily be reluctant to teach’tscience T MWMW’ WMEM a gmwt dBMl @f
. gain confidénce and 1ns1ght into'their . money or w@rk

own abilities as well ; as those of their -~ - R . '

students. ’ i . '

) However, these commumnes have d1scovered that the absence of t1me for
‘professional development is a constant 1mped1ment to teacher growth
Although Lorraine Blume, a teacher leader in Las Vegas has been. fully:

* released from regular classroom dutles she cannot find enough time for

. everythmg she believes is important for effectlve profess1onal development.

“ Her colleague Llnda Gregg feels the same way. “There just isn’t enough t1me
for the thinking and plannlng that professional development requires.” ASa
result, both constantly seek new ways to manage their time.

Many 6f the professional development solutions that’ ’educators have cre-
ated require a new approach to schedullng, stafﬁng, and grouplng arrange-'

' ments, rather than a great deal of money or work. (Harvey, 1995;
Darling-Hammond and McLaughin, 1995). Carmen Qumtas ass1stant princi-

- palat N ew York Public School 98 found a way to provide profess10nal devel-

.opment during the school day ‘She worked with the assistant pnnclpal in - \

charge of schedulmg and created opportumtles for teachers to have what

Quintas calls “mass preps.” All of the teachers at one grade level gota com-

mon planning period that' they use for grade—level professional development.

ThlS not only resulted in more time for professronal development, it con-

trlbuted to the formation of a growing learmng community among faculty

and staff, and in turn helped to make profess1onal deve_lopment an “integral

part of [the]‘teachers work” (Corcoran, 1995) o
(
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Professwnal development programs must be led by teams that
include members with sctent;ﬁc experttse and must mcorporate ‘
. activities that model the kinds- of eﬁ‘ectwe sclence teachmg and ’
learmng that is expected to take place in classrooms. = -
' Researchets agree that regardless ot: the approach taken,.pr'ofessional )
development should reflect the best of classroom practices (Loucks-Horsley
v,et al., 1989; Corcoran, 1995). “We can't talk at teachers,” says Melanie Barron,
science coordinator for Cambridge Massachusetts, and leader of the °
NSF-funded Habits of Mind teacher enhancement project. “Instead,. we do
’,w1th them what we want them to-do in the classroom If you want your N
teachers to have chlldren learn from the env1ronment you have to take them
to a'pond for a sampling expethlon i ! ’
Professional development leaders also need to practlce the pedagogy
they are trying to promote. Jennifer Moore, of the Cambridge project staff, .
explams that they want teachers to 1dent1fy and respect students prior
knowledge, so they try to respect teachers’ expenence and knowledge dur-
ing professional development. ' o b
- Lorraine Blume cautlons that change does not come about instantaneous-
~ ly and can be hard to maintain. She sometimes even finds herself falhng back
.into old habits. “Fifteen years ago Iwasa trathlonal teacher,” she. explams "
“I still see little bits of that come to the surface; if I don’t catch it until after I
am done, it can hurt the profess10nal development because then I'm not ~
" walking my talk. Whatever we believe yabout how kids learn we have to ‘
believe about how adults learn. Not that we should treat adults like children,
_but itis a good reahty check so we don't.fall into the old paradigm.” Blume
’ says she has to laugh when' she finds herself reverting to bad habits. & just
\ say to myself ‘There’s still more work to be done.’ ” )
Profess1onal development programs must allow teachers to see and expe- ,
rience good sc1ence teaching firsthand. Mesa, Anzonas Susan Sprague o
observes that teachers and admiriistrators need “lots of operational defini-,
tions of what good science looks like,” and suggests that even if they have'to = - )
‘go to another community to experience it, it is worth the trip: Furthermore, ~
she adds, teachers need many direct expenences usmg good'materials in | '
order to reach the basic comfort level requlred for further growth. Lorrame VA
Blume notes, “It's unportant partlcularly with science, to start with the mate— e
" rials so that teachers have a common expenence that they can speak from.”

.
IS
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‘ o t
Profeésional development programs sho‘itloi encompass a range of
teacher expenence and for all teachers, extend over a long period -
of time.” - BN o .
Effectlve professional development arouses in teachers an ambition for
‘ hfelong learmng—contlnuous advancement in knowledge and experience no .
matter what the age or professional condition of the teacher (Harvey, 1995 T
g Nanonal Research Councﬂ 1996). . N : |
- Spec1ahsts now reahze that for this type of professmnal development to
become commonplace they have to develop sequences-of learnlng that build
on one another; support ongomg development over.long penods of time; and \
" consider the diverse needs, interests, and experiences of the participants. ,
- But, it is not easy to design long- -term professmnal development programs - AN
that effectively ad\vance‘ teacher growth and maintain momentum over the
course of years One community decided to begm its sc1ence education
reform by mtroducmg teachers to the saence materlals The followmg year :
they focused on strategles hke cooperatlve learmng and questlonmg The
next year they tned to 1n1t1ate study groups. Eventually, the science coordl- ’

\

~

i
N A"

STARTING FROM THE BEGINNING IN HUNTSVILLE AND DECATUR,
ATHENS, FORT PAYNE, SCOTTSBORO, AND MORGAN CITY SCHOOLS

Arlene Childers—a former Huntsville,
Alabama, teacher who is now a director of
the NSF-funded Hands-On Activities Science
Program~—knew that many teachers were
at the starting point of using inquiry-based
materials and would need firsthand experi-
ence with the materials over an extended
period of time.

She and her colleagues resolved to
begin slowiy. They developed a ptan that
brings teachers together twice a year for a
full day of professionat development

“It was important to consider how
teachers learn and their need to have con-
crete experiences with the curriculum,”
says Chiders. Then, in the middle of the
year the teachers reconvene to fine-tune
their expertise. This time, they focus on
additional portions of the units, ask ques-
tions about things that were not working,
share experiences about what works well,
and discuss new ideas intended to move
the entire group forward. This way, the
teachers have a chance to make some

focused only on the curriculum modules.
The first day—devoted to questions the
teachers have about instruction and con-
tent—occurs at the beginning of the school
year,; it is timed when teachers actually
begin to use the materials.

l: KC FIONS o VOLUME 1

adjustments in their practice before the end
of the school year. This is only a small part
of their larger program, but it is an impor-
tant necessary foundation for teachers just
beginning and for teachers building more
meaningful experiences over time.
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‘nator found that even though teachers were participating in the program,
their needs and interests did not necessarily mesh with the professional
development plan They had to create a new structure that was more flexible
and would allow for 1nd1v1dual as well

1

@ } . . ‘ as group progress.

QM@}@’QF‘ wmmg wwh : A-flexible, diversified plan is also

X established science ‘ important for commumtles that have a
e ep e : . high rate of teacher mobility from ' °
EMSWWWOMS to Sup /4 ort ‘ grade to grade and in and out of the
teachers’ lewma’ng] isa - school system. One. s01ence coordina- -

. o . tor, f tan the fourth

critical component of or, for instance, was in the fourth year

" ofhis reform program and thought that
pmfesswnwl dewelopmem - nearly all his teachers had participated

that can ﬁM in gwps m - in sclence professional development.
. He discovered, when he looked more
)Mnder Smnd{lng and closely, that 20 percent of the teachers’ ~
expwmd OUBP“(JZM‘ c@ntent "~ who had begun the program were ho
<k led, E longer in classrooms and 35 percent of
nowweayg e . ', .. the teachers had sw1tched grades The

A
c = coordinator learned that moving from

discrete profess10nal development act1v1t1es to sequences of activities-was
not enough. His program needed to be redes1gned as a contlnuum of experi--
ences to support an ongoing process of growth, but it also needed to remain
' flexible enough to accommodate teachers with different levels of expertise -
} (Loucks-Horsley et al. 1989) The bottom line is that, every school and dis-
trict will always have teachers at all stages of professional developm_ent.
" Professional development has to happen over time because teachers need
* long-term experience in developing and honing new skills. At PS. 98 in New
-York City, professional development takes place in continuous 4-week cycles.
‘Carmen Quintas sees it as similar to planning for student leaming “You work -
_-on one‘area and concentrate on that and when you are ready to move on,
you move on.” . ;o i ‘e : ‘
Andrea Bowden superv1sor of science, mathematlcs and health in the
Baltimore Public Schools, learned this the hard way. Under pressure to pro-
duce quick results, she was tempted to do “too much too soon.” Melva
Greene, her colleague elaborates “We set out to glve people the world-in
one step...the pace was so tremendous that the teachers never learned step
one well before we went on to two and three.” Professional development '

\
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- {
activities, say Bowden and Greene, should be carefully sequenced to allow

time for teachers to build expert1se . ‘
Effectlve profess1onal development also accommodates the participants’
_range of interests and prior knowledge. Lorrame Blume found that profes-
sional development sess1ons she facilitated, “didn’t quite become what I
wanted them to become " because she failed to understand what her audi-
ence wanted or expected Now she assesses what part1c1pants already know
. and what they want to know. “It’s deadly to assume that everyone is going to
.come in with the same nundset says Blume so I learned to be better at
asking participants what they expect—qulte oftén changing my plan.”
Many teachers av01d teachmg science because they lack experierice with
the content and have httle conﬁdence in their ability to teach it. “Most col-
lege programs do not prepare teachers well to teach sc1ence says Sandy -

- Lam, program director for curriculum unprovement and professional devel- .

opment in San Francisco. Makmg this challenge still more dauntmg is the’

' . demands mqmry—based science places on teachmg Inqulry-based teachmg
requires a much deeper understanding of content than the more trad1tlonal
-approaches to teachmg .As aresult, professional development programs
must be phable enough to accommodate a range of levels of content
understanding. - / : ”

CHANGING HABITS OF MIND IN CAMBRIDGE

“There hasn't been a tatk except for
where they've asked for it,” muses Melanie
Barron, science coordinator in Cambridge
MA, about her professional development
program for five teacher-leaders.

Her leaders are making the difference
for science teaching in the district. Barron
has been working with a grant from the
National Science Foundation to implement
the Habits of Mind program to improve sci-
ence teaching in Cambridge, kindergarten
through eighth grade.

The program includes professional
development for classroom teachers, but
uses five science staft development teach-
ers to provide most of the classroom sup-
port. According to Barron, they are key in

KC MONS a VOLUMEI - ' )

the development of the program throughout
the district. All were teachers relieved of
classroom responsibilities to support other
teachers’ science teaching full time.

“[1 poured everything into supporting
them, “ Barron remembers, customizing to
their needs and addressing a wide range of
topics in a variety of ways. “We have had

every flavor...working with scientists, plan- i

ning, organizing, writing grants, working
with local university students. There hasn't
been a talk except for where they've asked
for it,” she notes again for the sake of
emphasis. “Now, after two years, they are
totally in charge of their own learning. They
know what resources | can deliver and they
tel me what was effective.”

62 . e

\ L



CHAPTER 6 Professional Development .
. . TNy

\Collaborati’ng‘ with established science institutions to support teachers’
learning is a critical component of professional development that can fill in
gaps in understanding and expand overall content knowledge.'In Buffalo, for
-example, the school system works with the Museum of Natural History. In
most efforts, however, educators collaborate with higher education institu-
tions to.identify science professors and res'earch scientists that understand
this team appr.oach to p'rofessional development. Others are working' directly
with scientist\s to help them shift their teaching styles to fit this new
approach. Teachers and scientists at Cal Tech in Pasadena are supportmg

.+ such instruction by develop1ng modules to improve and broaden teachers’’

content knowledge Teacher-scientist teams will lead groups of teachers in
what they descnbe as‘an inquiry-based leammg commumty like that of an
exemplary classroom.” - A oy

Fmally, it is essential to recognize and plan for an often sh1ft1ng popula—
tion of teachers In Mesa, Arizona, the strategy of continuous profess1onal
+ development has evolved to’ better accommodate the needs of new teachers
‘A mentoring program has, for the most part taken the place of introductory
workshops on the modular cumculum Mesa uses. Each new, teacher . o
receives custonuzed atténtion and support by bemg paired with. an experi-
.enced teacher for the year. The expenenced teachers benefit as well they
become even more.cormfortable with the instructional matenals and deepen . )
their own understandmg As strategles like this one emerge, educators will
continue to-make profess1onal development a more effectlve tool in 1mprov— :
mg sc1ence education. :

[ N
‘ - /

' Teachers value professzonal development that is created onsite and
led by other teachers and colleagues they respect. - 4 ,

’ Through their mentoring program for new teachers, Mesa Arlzona

'admuustrators learned the value of professional development based at the -
school srte and ‘conducted by respected teacher colleagues This approach
embeds profess1onal development in the workplace and directly relates it to’
teachers real classroom expenences (Corcoran, 1995). Tt allows for teacher -
\ 1nput into professional development SO that it is planned and owned by the
teachers themselves. And, to the extent that teacher-leaders are ready, pro—
fessmnal development can be run by their fellow teachers. )

S School administrators need to seek out and moblllze resources for pro—
fessmnal development mthm their schools One teacher- leader says he has .

i grown professionally because his pr1nc1pal g1ves him opportunities to pursue-
hlS interests and the authonty and responsnblllty to lead projects in the . A

5
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school. Another teacher in the same district is capable of leading profession-
al development work with colleagues and eager to try, but has been over-\
"looked by her pn'ncipal Such shortsightedness “wastes talent, increases
costs, and contnbutes to the d1v1s1on between research and pract1ce RN
(Corcoran, 1995) B . . s
Teacola Offett,. principal of Orchard Elementary School in Cleveland rec-
ognlzes the talent in her own school and uses it. She explains that fhst she ‘ l
‘ got to “know the teachers” and then identified one feacher in partlcular ; ” ;
-Corlista Hardman who was outstandmg inthe classroom. Though shy, .
" Hardman wahted to get involved. Offett made her a teachér- leader in the'dis- L
» trict’s science education program, Cleveland Rev1tahzes Elementary Science
Teaching (CREST) Hardman was put in charge 'of the' school’s involvement
in CREST and worked with the staff to help plan profess1onal development H
Now, several years }later Hardman is recogmzed across the district as a’
1€ader in sc1ence education. '
Carmen Qumtas in New York City conﬁrms that some professmnal devel—
opment 1s more w1dely accepted when it comes from teachers i in her own
school. “They re very receptlve to their colleagues domg professlonal devel- C
opment says Qumtas, ,and in many cases it is better received conung from
them than from a superv1sor or from district personnel because they are
‘people out there in the ‘battlefield,” not just people who are tellmg them what
" they should be domg " ' \ | ’ .

\
. ’
S“’/ ) s

{

'

The teachmg practtces promoted in profess;onal development need
" to be supported by district and school admmtstrators

'One thing has proven itself over tlme—there will be little meamngful
change unless the goals ofa profess1onal development program are allgned
with larger school, or district goals ~Considerable research shows that active
,support by pnnc1pals and district administrators is critical to the success of
any change effort. Carmen Quintas recalls that the supenntendent in New
‘, York’s District 6 told all school adnumstrators that the science program was
to be supported; the admlmstrators in turn communicated that message with- -
in the schools. After this clear message, “the pnnc1pal paved the way, says
‘Quintas; and the program téok off. -~ - > ' .
. - Despite the boost Quintas received, generally speaking, support of the
admuustratlon has to go beyond Just thelogistical. It also must become more
than a mandate After 'working for many years in urban School systems the .
Center for Urban Sc1ence Education Program (CUSER) has found that quali-
ty sc1ence educatlon must become everyone s respons1b111ty—teachers and
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adrhihistr’ators Principals need to work closely with teachers not only to

- prov1de support but to augment their own knowledge of science education. )

Linda Gregg in Las Vegas believes that it is important for principals to :

) understand the role of the teacher and what constitutes an appropriate sci- ~

' ence lesson. But they also must-understand that it takes a long time—they . )

* will not see changes immediately. “Everj;body éxpects professional develop- |,
ment ‘to be reflected the next day,” says Gregg “Do it Monday and see test ~
scores up by Friday. It just doesn’t happen N ? )

-Teacola Offett of Cleveland agrees “the pnnmpal has to be very mvolved

' When it first gets started, you deﬁnltely have to [have] a hands-on principal.

[Teachers] have to see that this is important enough that the pnnmpal is .

phys1cally there—not only in [the] reports.” This is the essence of a systemic

approach to 1mprov1ng science education. The ‘responsibility for reform, rests
not'only wnh teachers but also with district admmlstrators pnnmpals coun- _

selors parents and commumty leaders (Kober 1993)

,
L

PROFESSIONAL DEVELOPMENT RECAP

1. Schools and districts must redefine professional development and find

innovative, flexible ways to create and manage time for it.

Professional development programs must be led by teams that

include members with scientific expertise and must incorporate activ-

ities that model the kinds of effective science teaching and leammg
that is expected to take place in classrooms. : -

3. Professional development programs should encompass a range of
teacher experience and, for all teachers, extend over a long penod of
time. : S

4. Teachers value professional development that is created onsite and
led by other teachers and colleagues they respect.

5. The teaching practices promoted in professional development need to
be supported by district and school administrators.

o
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, and—most 1mportantly—does not substitute for the major overhaul insys ¢ '
tem resource allocation required to make ongoing improvements in teachmg s

* one school, can seem dainting’ indeed. Fortunately, others have been \

Aruitoxt provided by Eic:

Reform S

" erable.planning. ’It means 1dent1fy1ng potential sources of funding, research-

"guarantee the effort will be sustamed

CHAPTER 7| %

Fmancmg Scnence E@rm

ing the priorities and grant-making criteria of the potentral funders, and wnt— ’

ing a proposal that persuasively links the funders goals -with the needs of the

dlstnct reform project. Once the initial fundmg is secured, 1t is essentral to

begrn immediately to 1dent1fy and reallocate system resources in order to, 0N
Ultlmately, the goal of vsystemlc reform in science educatlon is not just to

change classroom practice for the day, but to institutionalize those changes

over time. It i is temptlng to assum\e that long—term external financial support

i the answer. Although attractive, external support rarely lasts indefinitely,:

and learning: The real challenge then is not attracting the startup fundmg, ite -,

is sustanung the momentum of reform when the 1mtlal funding dries up. '
_For those with httle or no expenence in'raising money, the prospect of

finan¢ing a complex, long—term sc1ence educat1on reform initiative, even in

S

through the process and share their advice.” oo L

4 ~

Sciénce reform planners can oﬁen get seed money from local state C

and federal Sunders! i A . . -
Seed money is a term-used to descnbe an initial grant—money ear-

marked to support the earhest stages of a prOJect often before an overall

plan has been.developed. It can come from a variety of sources in this case, ~

the N ational Science Foundatlon (NSF), Goals 2000, the federal Elsenhower

J . ‘
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“program or local foundations or corporations interested in supporting sci-
ence education reform Some grants, like those awarded through the NSF’s
Local Systemlc Change and Urban Systemic Initiative programs, are de51gned

. for the spec1ﬁc purpose of supporting systemic change, rather than discrete,

isolated curriculum, research, or pro-

, ! fessionai development projects.

. Th@ most SMCC@SSﬁM . Seed money for systemic change

. B . sornetirnes takes the form of an initial
. proj ects Combamf ederal i planning g'rantkThese are funds desi:g- Y
- funding, local déstmict" "' nated'to offset the costs of careful ,
planning, which, as we noted in A
ﬁmdmg, wmd P wmmershap s _CHAPTER 3, is itself a complex, ongoing:
with umwersawes, museums, process. Planning grants can help pay
and C@FZD@P’MZZE@WZS. T . “for release time for teachers so they
. S can part1c1pate more fully in shaping
-2 .~ the school’s or.district’s reform pro-
gram. Such grants can also finance site v1\s1§s to districts that have been -
successful in instituting improvements in science education. i
~ Successful fundraisers are entrepréneurial. They develop multiple con-
tacts ‘and networks among educators, ;goVefnmenp ofﬁciaIs,_ local business |
people, foundations, and cultural institutions. It is\iinpoftant to'contacta
‘wide group of experts as soon as possible and to follow,up quickly on thelr
.suggestions. The most successful projects combine féderal fundmg,\local dis-

trict funding, and part:nerstups with’ universities, museums, and corporatlons
\.

) .
AN ' \

4

Pursumg seed money, however, is not the only direction a commumty can
t:ake and is not necessanly the only start;mg point. Extemal seed money is 7
enormously helpful i in launching a reform program, but the driving force
behmd the project must be a s1ncere comnutment to reform rather than a
s1ncere des1re to-get the grant. The award often depends on having the first

’ - steps of the project already under way, and all grants require a comrrutment
“of human and financial resources on the part of the district. - .

. Most funders require evidence of cost-sharing on the part of the district.
Sam Alessi, the assistant supenntendent in Buffalo, says “before we even
apply, we're sure we have the.. .meshing with the district’s goals the supenn—
tendents support and backing of the board. We wouldnt even’ go for the ‘
funding if we didn’t.” Taking the position that “we can 't start until we get
funded” is therefore counterproductive because it places money—not sci- .
ence teachmg—at the center of the enterpnse which can actually mterfere
w1th successful fundraising efforts. ’ '

s
[N T
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CHAPTER 7 Financing Science Reform
Dlstrtcts should establtsh a system of development . N
Development in this context is justa w1dely used euphenusm for
,fyndrarsmg. Some school districts, recognizing the importance of outside
- funding, have hired full-téme,development directors to manage fundraising -
activities. Other communities organize committees. of teachers, community.
members ‘principals, and other adrmmstrators who identify potential fundlng
sources, develop funding strategies, and part1c1pate in the actual writing of
the proposals. This kind of broader effort s1gnals funders that there is w1de-
spread acceptance of and commitment to the proposed uutlatlves b
Research and wntlng are vital parts of developlng a proposal but equally
\. ‘important is the ability to create and sustain strong personal relationships .,
both with funders and with the leaders of local partner organizations.
Effective development work often invdlves maintaining close ties to news
orgamzatlons that can help mform ‘the commumty about the purpose of the
) science education reform uutlatlve It also involves bu11d1ng brldges to bus1—
: ness mdustry, and’ mstltutlons of lugher educatlon that have a stake in a -
better educated student population. - Co
Funders themselyes frequently become active part1c1pants in d1str1ct
development efforts Partner institutions like corporat1ons and universities”
can give a sc1ence educatlon reform project added cred1b111ty in the eyes of
\+  the community and encourage other organizations to get 1nvolved The Dow
Chemical Company, for example has been promoting sc1ence educat1on
reform 1n 14 commumtles offering both financial support and the time and ‘
‘energy. of Dow scientists. Dow has taken. their comrmtment a step further It
" is now helping schools raise additional funds by approachlng other corpora—
t1ons community orgamzatlons and local and national foundations on thelr '
behalf. o o N
Similarly, the Allegheny Schools Sc1ence Education and Technology RN
(ASSET) program in Pennsylvama stan;ed with fundlng from the. Bayer
Corporat1on ‘but has s1nce developed into a major commuruty project with = -
many partners There are now 15 drfferent funders supportmg the program,
: mcludlng NSE.

+ v/‘

'

s e . ;

Change always takes longer than anyone expects, therefore, seek a
variety of funders and develop long- term relattonshtps with them.

A one-time Infusion of grant money is not, enough to bring about a pro-
gram of systenuc change. Therefore, dlstrlcts need an overall funding strate-
. gy that includes all sources, of external and internal support. Each interested
fundmg source should be encouraged to make a commitment covenng
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) several years, rather than a smgle shot contrlbutlon Funders must under—
stand that schools:change slowly and that their mvestment in improved
sc1ence educatlon will be more likely to take hold 1f ln addltlon to thelr

~ ﬁnanc1al support they also get involved.
Such’ support doés not have to be extens1ve to be valuable. In Cleveland
for example one company provides teachers with a comfortable place to -.

. meet every month—a small offering that nevertheless makes a b1g d1fference
to teachers in a ﬁnancmlly strapped urban district. Another corporatlon pro—
vides the Cleveland district with funds for materials; yet another involves its
scientists and engineers m the district’s profes51onal development program,

. Needing to find multlple funding’sources.does not mean that districts
should actually apply for every available grant. In Buffalo the grant writing
operation is in the same department as cuiticulum to ensure consistency and

, coherence between what the district is trying to do and the fundmg it seeks.
Some grants may have terms or COIldlthIlS attached to them that are incom-
patlble W1th the goals of the reform program Corporate contnbutlons are
somet1mes tied to the use of spec1ﬁc curricular materials that just do not fit
the plan. Federal and state funds often come with restrictions that limit
program optlons The goals ‘of the reform effort must always drive the
fundraising work, not the other way around. This means that some ’
potentially promising funders will have to be passed up. . ;

s § ) N N
: N )

' _Do not let the seed money become the program; from the outset,
work to identify the real costs of reform and to reallocate district
. dollars to support it., , ‘ 'y
Science educatlon reform is.an ongomg process, as’is paying for it. Not
only does a dlstnct have to buy new classroom materials—like instruction .
k1ts used i in hands on science act1v1t1es—but it also has to regularly replenish
the seeds gupples and other consumable contents of the kits. Sumla.rly, the
need for professional development for teachers and, adxmmstrators does not .
diminish with time, as we noted in. CHAPTER 6. These are costs that, ultimate-
ly, should be covered by each community through its regular school funding
sources, not through seed money for a startup pro_]ect ;
Some districts support ongoing science educatlon reform by reallocating
funds from other programs ‘whose goals are advanced by the. 1mplementatlon
of inquiry-| based science teachlng These programs include school- restructur— '
ing initiatives; mentor-teacher- programs and Title I, Chapter 2, Elsenhower '
migrant education, and Title VII fundmg from the U.S. Department of A
Educatlon , ’ : { - . o

4
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. Community School Dlstrlcts 3 and 5in New \York City haveLleveraged
. funds from a variety of sources to finance science education reform.’ The two/
,-districts received an ' NSF grant for therr : ~ ‘

Science, Mathematlcs and Related

" Technology Process program, (SMARfI‘ S@me dasmws Sup P @M

. Process) to change the culture of - omgomg sczzemce educwmom
schooling over a 5-year period. Gil _ : refom by rewll@cwmm g ‘
’I‘urchm special assistant to the super- ..
mtendent of D1str1ct 3, says that the ., - ' ﬁmdsﬁr om @ﬂ%’r '
NSF money, $1 mllllon a year, repre- pmgmms w}wse gowls

_ sents only about one -third of the real are wdmnce d by ﬂ%’

cost of the prOJect The other $2 million

" comes from various State'arid. district ) v amplememmm@n @f
programs! Title I funds, made available '

- to schools servmg economlcally disad- dnqudw-_bws'ed S@.wm?e
\ vantaged students ‘are used to support -y - ' 4 .tewchmg.
teacher- leaders in each school. Money™ ' / Cooo T n
earmarked for textbook purchases is reallocated to buy sc1ence kits.The D . o
prOJect also has a 1-year empowerment grant of $325 000 to buy science and
(mathematlcs mampulatlves y - ~ o ‘

Turchin breaks down the costs of the‘{program mto expense categories,’
then ﬁnds the funds to cover them. For example NSF money pays for half
the cost of four staff developers Title I funds covers the other half NSF pays
for a project coord1nator and a principal mvestlgator Elsenhower funds pay
for two co-pr1nc1pal investigators. coo ‘ :
The long-term financing of profess1onal development is especlally chal-
) lengmg, and calls for creative use of district resources “Reallocatmg S
resources is more than shifting small, dlscermble pots of money,” says Brran \
" Lord of the Education Development Center who conducted a study exa.mm SN

[N

ing | the costs’of profess1onal development in four commumtles “It means
looklng 1mag1nat1vely at what is meant by profess1onal development and .
-where those resources nught be accessed "

Some dlStI'lCtS have glven science reform leaders-considerable leeway m
reallocatmg funds In Mesa, Arizona, ‘Susan Sprague persuaded district
adnumstrators to use funds slated to buy textbooks for the profess1onal
development that better supported the goals of the reform. Other districts ~ - '
are more rigid i in the1r pollcles—or sunply too strapped for money to allow

. for any leeway.
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To sustain its professional development program over the long term, the
Elementary Science Education Partners (ESEP) project in Atlanta has devel-
) oped a team of lead teachers to institutionalize the; process of teacher train-
ing. The system of teachers training teachers will ideally take root in the
school district’s permanent infréS&udure;-with the ultimate goal, accordihg
to project director Robert DeHaa:n; of “putting ourselves out of bu'sin‘ess.’,{ ‘
. N T . - -

FINANCING REC

1. Science reform pianners can often get seed money from local, state,
and federal funders.

2. Districts should establish a system of development. o

3. Change always takes longer than anyone expects; therefore, seek.a
variety of funders and develop long-term relationships with them.

4. Do not let the seed money become the program; from the outset,
work to identify the real costs of reform and reallocate district dollars
to support it. e o

\
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” chools/ cannot-truly reform science education without: i
@ oration of key organizations in the local comrhunity Parents, ni
bus1ness 1ndustry, institutions of hlgher educatlon and various other'orgam
zations can lend the critical expertlse and support for reformulatlng a (
to effectlvely educate children in sc1ence Schools are more than Just\ uild-
lngs they are systems—and systems transcénd phys1cal space: And, so, the-
partnershlp, urider the systemic : reform model .can be likened to somethmg
of a town meeting hall for science educatlon—a place where all resources
~come together to support mqlury-based sc1ence "education reform.

Just as systenuc reform calls for new k1nds of.curriculum, classroom ‘
pract1ce ﬁnanc1ng, and planning, new kinds of pa.rtnershlps need tobe - ,
developed and put in place. Building relatlonshlps with outside groups is not
- a new idea, but what is new is the character of the relatlonshlps that are - -

’ belng developed. Traditionally these collaboratlons took the form of.isolated

¢ projects, events, and field trips. Replacmg these d1sparate activities are long- .
term partnershlps where orgamzatlons play spec1ﬁc roles based on their
unique resources and expertlse These roles directly support the district’s
- reform goals and complement the functions of other collaborators—each
piece must snap into place. Moreover systemic reformers are constantly /
redefining collaboratlons to make them more effective and to embed them /
within the system so they dre able to w1thstand changes in the.schools and ‘

-

commumty : < : - R

In working with schools, outside entities such as corporatlons and muse- - ‘
- ums were frequently viewed as the glver while the school or district played Co
the role of receiver. Today, the most powerful and successful collaborations '
recogmze that all partners have something to gam The pa.rtners have certain -
needs that must be served by the collaboration. Those needs vary from part-’
ner to partner, but all parties can expect at least 'one payoff: leaming ’l‘hey N
will learn from each other and about each other Liesl Chatman executive

1 \
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dlrector of the Umver51ty of Cahforma San Franc1scos Science and Health
Education Partnershxp, explams “It is only a partnership if both teachers and
scientists are learning... Sc1ent1sts aren't just there to work with ,teachers on
education reform; they are there to learn themselves™ (How scientists
benefit, 1995) S i N

Orgamzatlonal culture differences can be an early stumbllng block in _
building effective partnerships. The culture of schools and that of potentlal SN
partners can be miles apart. The best way to bndge the gap is to understa.nd L
and dlrectly acknowledge those-differences. At the heart of effective collabo- '
rations is the development of a relat10nsh1p based in trust, mutual respect, - -
and effective communication. As Joyce Epstein writes, “Although the\lnterac-
tlons of educators parents, students and community members will not™
always be smooth or successful, partnelshlp programs estabhsh a base of . <.
“respect and trust on which to build” (Epstein, 1995). '

F1nally and most importantly, part1c1pants in successful collabdrations
recognize their shared interests in the well-being of the children and the
community, and they work side by side to create better programs and better ;
t:schools (Epsteln 1995): There are many such effective partnerships that -

offer lessons about creating effectlve and lastmg collaborative relatlonshlps
i N
a . i s

Formal partnershlps with mstltutwns can be a valuable strategy
but must be genume and carefully planned
. . Museurmns, busmesses parernt and community groups, and universities can
be extremely valuable storehouses of expertise and resources for schools.
They _proyide students and teachers with access to materials, knowledge, and
ways of thinking not typically found in'classrooms. The best use of these 5
~ resources, however, is made through a reciprocal, rather than a ;o \
. give-and-receive, relationShip The exchange of ideas and expen'ences 1
between school-based and mstltutlonal part1c1pants must be mutually ‘ !
beneﬁc1al '
Peter Dow dlrector of educatlon at the Buffalo'Museum of Sc1ence says.
.that a partnershlp closes the gap between the frontier of knowledge and
schools, It allows you to get beyond the inert textbook.” Museum c1/1rato_rs
and schools, for exé.m‘ple, can be resources for one another. Curators do not
~abide by a ﬁxéd curriculum as schools do, soO often they can develop creative
» ideas for exploring science topic or énriching a kit that is in use-in the
schools. In turn, museum- -based educators may have httle contact withrnew
,developments in pedagogy and instruction and can leam a great deal from
teachers about how to Ieffectlvely engage the visiting public. Workmg A
/ . §
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mdependently of schools a museum nught have created a hlgh-mterest pro-
gram that is unfortunately unconnected to the school curnculum But, this
setup fails to make good use of scarce school and museum resources. ‘As col-
laborators, however the museum and school can ahgn the museum program
‘to the school S cumculum and learmng goals thereby i mcreasmg the 1mpact
of each side’s program. . ,

, Scientists from the pnvate sector also represent arich, current source, of
‘science knowledge that can support professmnal development and the cur-

B nculum Often, however, their view of classroom practlce is;shaped by the1r
" own memorles of school and lacks the professronal teachers knowledge of

" more contemporary perspectives on learmng and cognltlon and how to make
practlcal changes in classroom Clearly both partles stand to beneﬁt from
collaboration.; . . ! .

- The Merck Institute for Sclence Educatlon is moving beyond more ba51c
collaborations on cumculum in order.to support the entire reform programs
of four school districts u{‘New Jersey Thelr work bacKed i in part by the
Natlonal Science Foundation’s Local Systenuc Change Imtlatlve promises to
unpact more than individual classrooms Merck has prov1ded ﬁnanclal and.
human resources for science education reforms that will benefit both part-
_ners in many ways, now and in the future Carlo Parravano d1rector ‘of the ',
Merck Instltute explams "that “Merck has made an mvestment in educatlon
not a contnbutlon or donation. We're 1nterested n a return on our mvest-

ment To that end, Merck has commissioned studles by the Consortium: for -

Pohcy Research’in Education to docurnent the program’s strengths and

weaknesses Such studles go well beyond what ordma.ty school systems can

do on their own and mdlcate much about the seriousness of the collabora-
“tion. Through’ this collaboration, the school system, the commumty, Merck,
and ‘the entire education field will all benefit. ; {
Collaboration can beneﬁt many parties, but-no one will beneﬁt w1thout
the developmerit of trust and respect among the partners. Recognition of
mutual benefits for collaboratlng partners is the beginning of the formation
of trust Recogmtlon of mutual expertlse is the beg1nn1ng of respect. Both
‘are required-to make partnershlps thrive.” b -
Peter Dow, who- wrote a book about education reform in the 19605

‘explams “Most sixties school reforms fell by the wa\y51de because they ,we'reA )

never orgamcally connected to the school....[They] didn’t take into account
the imagination, of teachers—or theif reality.” The failure to bring teachers
into the partnership resulted in nuscommumcatlon and mistrust. Systenuc
reform efforts today must not make the same rmstakes they should mvolve
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CHAPTEiB 8 ‘Collaborators in Reform ‘
all part1c1pants in the system to strive for common understanding and !
mutual respect ' ' ’
Robert DeHaan, professor of anatomy and cell blology at Emory

University in Atlanta‘ understood this at the dutset. He decided to become .
involved with the local school system and contacted his grandson’s principal.
He had his own mot1ves for working with the school but sought to work in
partnership DeHaan met with four of the school s teachers and asked them,
“If I could bnng you in contact with the science community at Emory, what
would you want from us?” DeHaans wide- -open questlon evidenced respect

. for teacher knowledge about the best way the umversn:y might be able to
agsist them Two years later, after much’collaborative work, DeHaan is one.
of the leaders ofa Local Systemic Change prQ]ect the Elementary Science -
Education Partners Program, which is built on a partnership that 1ncludes a
consortium of universities and the Atlanta Pubhc Schools.

v The Merck Corporation came to_understandthe 1mportance of trust and

respect in a different way. In their first year of working with schools, they '
> contracted an outsider to run profess1onal development Workshops Many
teachers were disappointed because the materials and activities used during
" the workshops were not a good match for their ‘curriculum and students’
7 grade levels. Merck realized that planning the workshops in isolation had
" been a mistake. Now, teachers are collaborators in the planning and delivery
of the workshops. Merck has also since staffed its science education center
* with former.teachers. Like many institutions Merck discovEred that it had to
. work in collaboration with the distncts if it wanted to effectlvely support
" science education "eform . "

These lessons may hold true for partnerslups in any subJect area, but ¢
there are some lessons uniqile to partnerships in science education. If devel-
oped thoughtfully, with recogmtlon of mutual beneﬁts and with trust and |
respect, partnerships of sc1ent1sts and engineers with master teachers for-the,
benefit of i unprovmg staff and curriculum development can be very effectlve
But it-is not an easy task: ' S '

Working scientists and engmeers embody the mqmry—based approach to
science that educators are workmg to promote. Sc1entlsts pose _questions,
.design experiments, observe, record, and analyze data and can provide a
model for scientific thinking But they do not always know how best to work
with children and teachers. As Bruce Alberts, president of the National -~
Academy of Sc1ences has written, “Scientists have a crucial role to play i in
pre-college science education reforms. But it is not easy to know how or~
where to begin” (Alberts 1991). Experienced practitioners have found that
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s - v v
when scientists and engmeers work w1th master teachers who are able to
bndge the partners world with that of schools and students the: beneﬁts to .
all collaborators can be tremendous. . o ; )

Partnershtps Wlth parents’ and the commumty are essentzal in ’
systemlc sclence educatwn reform, but to be ejfectwe, they must be
' , structured to foster communication. >
“There are many reasons for developmg school, fa.tmly, and communrty
3 .partnershlps writes Joyce Epstem (1995). “They can improve school -pro-
'gra.ms and school climate, provide family services and support, mcrease par-
ents’ skills and leadershlp, connect famrlles with others in the school and i in
the commumty, and help teachers w1th their work. However, the main rea-
- sons to create such pa.ttnershrps is to help a]l youngsters succeed in school -
and in later life. When parents teach- ’
ers students and others view oner - K . o S e

N

;another as partners in education, a car- - ZZ M;qwl.m- & ase d sm'ence
_ing commumty forms around students o

and begins its work.” = » N teaching amd lewmmy zzs

Few would argue-today that part- - ) . not fwmzzllmr to mamy

7

nerships between schools parents, and .
communlty are unrmportant to student RN .MM@S, amd\ ﬁwy M)IZM‘VWK

- success However many educators and U uﬁd@rgt@md a'funm'l

commum members do not necessan-
W N someone mkes the tzzme
ly know- how to develop valuable, pro-

* ductive programs. Caused and further . = .. w G.WWM Ilﬂ,L lo. them.
t . / L,

_ - aggravated by decades of misunder- ;A
' standing bétween the parties, educa- ; o

tors still do not truly understand the famrlles of the students families do not
understand educators and * commmutles do not understand or assist the
. schools families, or students” (Epstem 1995). A
A primary focus for mvolvmg families and community members ina.
systemic science-education reform program is to help them understand the \
nature of effective sc1ence education. Educators need to show fam111es how -
new types of sc1ence instruction, like that descnbed in CHAPTER 2, defer from'
the ways in which they learned science. Inquny-based sc1ence teachmg and . ‘
'learmng is not familiar to many adults and they will not understa.nd it until !
someone takes the time to explam it to them . o
~ Some communities have open houses to share concrete exa.mples of -
i mquny-based instruction and to provide- some ev1dence that the new N
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CHAPTER 8 ' Collaborators in Reform ’ e
methods are proving effective. Others develop family science programs that
allow parents to become students again by part1c1pat1ng in activities along
with their chlldren Parents will also want to know how the schools plan to,
evaluate the success of a sc1ence education reform program and how stu- |
dent progress will'be documented. As explained in CHAPTER 5, test1ng isa
very powerful part of the System and parents will want their chlldren to do
as well 1f not better, on their district or state sc1ence assessments as before’

) Fanulles can and should play an act1ve role in their children’s science
educatlon but there is no smgle best role nor is every role p0551ble for every
family. An effective parent involvement program will create a varrety of

roles. Some-of the'more actlve parents might sit on school curriculum and -

' pollcy committees, collect’ ‘and orgamze materials, help arrange parent

events, and-volunteer in the classroom. Equally lmportant but less demand-
ing of time, is providing support for thelr ‘children at home. All of these con- -
. tributions are valuable ’ : ' .

‘This may not,be easy, given the busy 11ves of todays parents J oyce iy
Epsteln (1995) writes that single’ parents and those who are employed out-
side the home or who live far from the school ‘are less involved, on average

at the school bu11d1ng unless the school organizes the opportumtles for fami- )

lies to volunteer at various times and in vanous places to support the school
and their chlldren » Educators also need to engage parents to help them .
understand cluldrens 11ves at home and chlldrens experlences outside of
school ‘Each part1c1pant 1n a collaboration must be committed to makmg it
work; ﬂex1b111ty is part of that commitment. . ' C

' The keys to effective commumty parent- school partnershlps are creat1ng
new structures, new ways of commumcatmg, and a new sense of shared
responsibility. “When parents and commumty members are truly engaged
they do not _]ust volunteer their time for school activities or:drop thelr opin-

’

N

ions in the suggestlon box. They initiate action; collaborating w1th educators '

" to implement ideas for reform these conversations go beyond the dJSCUS- ‘
sion of surface problems and complaints. Through these conversatlons peo-
ple develop the trust and consensus needed for actlon” (Cortes 1995)

/Partnershtps should be developed wtth awareness of and sensrtwtty

to orgamzatwnal and cultural duferences ' i P

Each mstltutlon that is part of a school collaboratlon has drfferent expec-
tations about the prOJect—the amount of t1me that will be requ1red or is

. available to the participants, the technology available to each partner, and

what makes for good planning. Partners often use different words to

L
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\CHAPTER 8 Collabo/natbrs ":L'Jn Reform .
descnbe the same phenomenon and have dlfferent perceptions of what
schools should do If collaboratlons are to, succeed these: dlfferences heed to
"be drscussed and resolved, Even though some of the differences may seem
tnv1a1 expenenced leaders warn that these are prec1sely the issues that

" make or break colliborations. - o N 4

. In some cases, mlsunderstandmgs emerge between sc1entlsts and teach-
ers. The scientists at Merck, for example drd not realize that teachers had lit-
tle access to telephones or fax machmes Carlo Parravano explams thatit .
‘was “a ma]or stumbling block .the corporate world beheves that to carry out -
busmess you have to have a phone "Due to this rmsunderstandmg, the
l\lerck sc1entlsts were put off by the apparent dlfﬁculty in reaching the
, teachers and by the length of tlme it took teachers to return their calls. ¢

Mrsunderstandmgs can emerge from dlfferent conceptlons of tlme
Teachers for example have fixed schedules and constant mterruptlons
Curators academics, scientists, and executives genera.lly exert more control
over their days and have longer blocks of umnterrupted time. When. drscus-

b

. sions about time and scheduling arise, it is essentlal that each side under- N

v

' stands the other’s asstptlons ' . o S
‘ Scientists’ and teachers"knowledge SklllS and ways of th1nk1ng are often
worlds apart-and it is easy for them to misunderstand and ultunately mistrust
the other’s mtentlons or ablhty Over t1me with patience and a good fac1hta-
tor those nusunderstandmgs can be prevented or clarified. San F‘ranc1sco 5.
Llesl Chatman remembers show1ng partners results from an evaluatlon of a N
teacher scientist workshop in which the teachers were fairly pos1t1ve and the
sc1ent1sts were fairly critical. After reading the reports, the teachers were
“shocked and crushed,” because they belleved the scientists had not en]oyed
working with them. The fact that seven out of elght sc1ent1sts had: returned
for a second year of partnershlp suggested otherwise, but.the teachers were
nonetheless d1scouraged Flnally, one scientist explained the differing views:

“We love)worklng w1th the program As sc1ent1sts we e trained that when 98 * )

percent 1s work1ng well we look at the 2 percent that isn’t.” His partner a
teacher responded “We re trained to nurture. When’ a student getsa 50, we -
-say, “That’s sure better than the 45 you got last month. »” The: assumptlons that

" . arose naturally from the dlfferent groups’ cultures nearly scuttled the collab-

\
v

oration. George Miller, a. chermst at the UruverSIty of California, Irvine,
acknowledges that “communicating with elementary and even secondary -
school teachers doesn’t come naturally to most scientists” (Barinaga, 199 D).
Slrmlarly, perceptual; dlfferences can create confusron with parents and
commumty members as well. Language often presents the problem

y «
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CHaPTER 8 Collaborators in Reform

Miscommumcatlon between parents and educators can result in substantlal {
resistance to the reform and the new fangled ideas associated with it, even ,
though both groups are genuinely concerned with the welfare of childrén.
Parents recall the vocabulary of their own schoolmg mcluding the ways they
'were taught and the culture of the school. When reality clashes with memo-
ry, it is reality that has to do the explaining. )

"+ For all these reasons, policies and strategles for teacher -parent collabora-
tion shoild be coupled to some form of commumcatlons training for both
groups. Without it, teachers -may see extended contact with parents as. an®

" ! additional duty and parents may believe they have little to offer the school.
. “Both groups need opportumtles to develop new slqlls and to enhance their
understandmg of the potential goals pltfalls and beneﬁts of partnership" )
(Parents and schools, 1988) . TS ,

‘ The leaders of the best progra.ms understand and work with the differ- ’
ences between partners and schools and prepare for those differences. They

'\, structure opportunities for ‘communication and facilitate collaboratlve plan-

ning and development of all aspects of the project. Jan 'I‘uorm a senior pro-

- gram officer at the Center for Educatlon of the National Research Counc1l

oversees a nationwide program that links scientists and teachers. She esti- .
~mates that without this k1nd of thoughtful planning and support, three-quar— :
ters of all partnerships would fail. . ; ‘

\

3

AN

,,Educators mustﬁnd ways to institutionalize collaboration. :
Many partnerships are “fragile entities that are not msﬁtuﬁonaliaed but -
depend on goodwill, trust, and the belief that [they\] are a necessary invest-
.ment in the future and that that they will, inde€d, make a difference”
(Kubota, 1993). The challenge for collaborations is not only the incremental -
building of trust and cultural understanding, but also to reach beyond these
one-on-one relationships to develop organizational trust that outlasts the
indiiziduals currently involved. The partners come to feel that they are mak- -
. Ing an investment in the future. As described in previous chapters real.
- change takes years—longer than many educators stay in their positions.
.“Even as personnel change, the promise offered by systemic change is that
- the collaborations will remain in place to welcome new part1c1pants
One strategy for developing lasting collaboratlons is to ensure that
responsibilities are genulnely shared At the Pacific Sc1ence Center in |
Washmgton state, Dennis Schatz explams that his staff used to take the ini-
tiative in suggesting the next step for the schools. “Now,” says Schatz “the
teachers say to them, ‘What we really need todois..'” Schatz is pleased that
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the teachers have more responsibility, but hel admits that itstﬂl is hardto
give up control. He'expresses the anxiety most partners in a collaboration -
feel when they recogmze that sharing responsibility is the way to go but

" remain unsure as to how to do it. . : .

Annabelle Shrieve now at Education Development Center’s Center for

" Science Educatlon was. partof a collaboration in San Francisco that i is con- ..
tinuingShe agrees ‘that collaboratlon could sométimes be difficult. “It was

* important to communicate and sit down and hash out what we were going to- A
do Even when it was dlfﬁcult though, it was beneficial because the muse- ‘
um the medical school and the school dlstnct all brought resources to the
process.” As Epsteln '(1995) writes, “Good partnersrups w1thstand questlons
conflicts, debates and disagreements; provide structures and processes to
solve problems and are maintained—even strengthened—after differences .’

_have been resolved.” . . : R

The final challenge for any partnersrup is to endure a.fter the nutial enthu-

' siasm fades and a particular ; initiative comes to an end. Programs ‘across the
country take a wide variety -of:approaches, but all try to find ways to institu-
tionahze the best elements of partnership. The Merck Institute for Sc1ence Ly

' Education cannot continue the level of support they are providing for. the o

» New Jersey school drstricts 50 they are work1ng with them to ensure that - \
the districts themselves will have: the capacity to contmue the work. As Carlo
Parravano explams, ,‘Merck doesn't do all the workshops. We work with a
teacher so she can teach a workshop. We build up one another’s capaclty

-Because hopes on all sides start out SO high, ‘it is commonly dlfﬁcult for
project leaders to enV1s1on the lasting 1mpact of their reform initiatives:

DeHaan estimates that in 5 years between 150 to 250 elementary teachers in’

the Atlanta Pubhc Schools will be 1mbued with mqulry-based sc1ence teach— ‘

ing.” Dow in Buffalo is a pit more guarded about his prOJect “I don’t know

’ what a museum can do he says. “We’ve got one little toe hold on one little:
corner of the problém "But Dow still retainis hope because he remeémbers
the rewards, “At times you thmk it’s absurd to even attempt to change educa—

. tlon "But then you see the k1ds responding " o

‘l The blg job never seems completely finished. Time runs out. The startup

«and developmental money runs out. ~Of all the jobs that partnerships take on: P

~ for themselves, the institutionalization of their work is the most uncertain.

" . Yet.the likelihood of institutionalizing partnersrups is greatly increased if the
partners have successfully gained mutual respect, receive mutual benefits, .
share responsibilities and believe in the value of their venture. They need to
retam those quahtles as they go about giving permanence to their work. .
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As with other components of syste[rrLiC change, educators continue to
search for ways to redefine and improve partnerships I's"olated one-shot ..’
~ forms of cooperatlon between formal and mformal educational institutions - *
and school districts are glvmg way to partnershlps that direct their combmed o
. resources toward developing and sustaining inquiry-based science. Strategies
for workmg withiparents, local commumty organizations, and business have
- been slower to yield fruit, although practitioners recogmze thelr unportance \
* in sustaining reform: “Chlldrens life ¢chances are not hkely to get better with-
.out collectlve action in’ ma.ny arenas—the schoolhouse the local health clin-
ic, the neighborhood, the block, the home and so on (Comer 1988; Ascher,”
1990)” (NCREL 1997)." - . N : v :

e

COLLABORATION RECAP

must be genuine and carefully planned.

2. Partnerships with parents and the community are essent.ial in
systemic science education reform, but to be effective, they must be
structured to foster communication.

3. Partnerships should be developed with awareness of and sensitivity
to organizational and cultural differences.

4. Educators must find ways to institutionalize collaboration.
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link equlty to high attainment: all studenits can develop the knowledge and
skllls descnbed in the Standards regardless of age, gender cultural or ethnic
background dlsabllltles mterest or motivation in science” (NRC 1996).
Practltloners are learning effectlve strategies for improving different
parts of the educatlon system and the system asa ‘whole. However, as they

P

focus on ‘the other parts—cumculum assessment planmng, professmnal Ce
development leaderslup, and partnerslups etc. —they are ﬁndmg that creat— _ _
ing equ1table education for all of their students remams a core challenge. | .
. .Indeed there is a rec1procal relatlonslup between equrty and:the systemlc '
reform of science education. Educators cannot successfully attain or accom-
_ phsh one without the other. . ‘ o RN
Much is known about the equity challenges facmg educatlon today.
Educators working on sc1ence reforms are raising awareness \workmg to
move from conversation to action, and demonstratlng how inquiry-based
. science education and equity support one andther. Still, even as they develop
. _classroom and district practices that _hold promise for all students, they.are
_~ posing difficult questions and continue to look for new answers. SN S
. . .
Who Is the “All” in “Science-and ‘Mathematics for All”? ©
Equlty has many. faces and is 'often discussed in the ‘context of the inter-
‘ests and needs of vanous groups In science and mathematlcs educatlon in’
‘ particular, a driving force is the underrepresentation:of mmonty groups and
" women in profess1onal sc1ence and mathematlcs-related occupationis.
Consider the following statlstlcs from a Natlonal Science Foundation (NSF,

-1996) study: Afncan Amencans make up 12 percent of the population, but Ty
\‘1

) \. L. - -
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only 2 percent of employed sc1ent1sts and engmeers Hlspamcs compose
9 percent of the population, but only 2 percent of employed scientists, and '
engmeers Women compose more than half of the ‘population, but only
20 percent of- employed sc1ent1sts and engmeers At the same time, theré is
growing awareness that many students in these groups have neither access
nor opportunity to develop scientific and mathematical llteracy This i is a
_sobering picture of the economic and professional future of members of '
these ' groups, espec1ally in a job market that mcreasmgly values more’ /
" specialized knowledge in science and technology and other subjects. .
Research shows that there is a difference i in achievement between white
students and minority students particularly African Amerrcans and
Hispanics. Accordmg to the 1992 National Assessment of Educatlonal SN
_ Progress (NAEP) both African American and Hispanic students “demonstrat- -
. ed s1gmﬁcantly lower proficiency than white students” (Mullis | et al 1994).
Agam there aré many reasons for the d1spar1t1es Accordlng/to Oakes
“Disproportionate percentages of poor and mmonty students (principally
Afncan-Amencan and Hlspamc) are using cumcula des1gned for low-ability’
or non- college bound students Furthermore, in general, low-mcome and
. minority students have less contact with the best quallﬁed science and math- >
~ ematics teachers” (Oakes et al. 1990) \ ’
Another group often included i in discussions of equity are students who
~are considered to have limited Enghsh proﬁc1ency Though many blllngual
_ programs ex1st students Tarely rece1ve science instruction at their appropri-
ate grade level or m their prlmary instructional language (Mason and Barba,
N 1992). Furthermore accordlng to Patricia'Stoddart, an; aSsoclate professor at
the Umver51ty of Cahforma Santa Cruz, “the key issue for language minori- ¢ .
ties is access to academic content because most schools focus on teachmg '
.+ [them] English.” - T '
: Equity issues as they relate to these groups reach far beyond the borders
“ of the school. Soc1etal factors of racrsm cannot be 1gnored Stnckland and
Ascher suggest that desp1te “three decades of programmatlc change to make
'schoohng for all students 1ntegrated and equltable it is not hard to see con-
tinuing instances of both personal and institutional racism in educatlon
(Strlckland and Ascher 1992) : AU A
“Girls have hlstoncally received lnadequate attention and encouragement -
in science. Research shows that they recelve less attention than boys i m sci- V
ence classrooms and the attention they do receive is hkely to be of lesser
quality than that paid to boys (Sadker, Sadker, and Stulberg, 1993; AAUW
1990) Girls also have less access to matenals have fewer role models in
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these fields, and tend to belleve that science and rnathernatlcs will not be of '
‘use to them i in the future (Gardner Mason, and Matyas, 1989; Kahle, 1991)
These, and other factorS/contnbute to lingering d15crepanc1es in acadermc
achrevement In the early grades boys'and girls’ achlevernent is cornparable
_‘by the last year of high school boys outperform girls in both mathematics
* and science (Holmes 1991) o ‘ , , " o
. And ﬁnally, students who often are-overlooked in discussions of equlty )
are those who fall under the heading specwl educatwn’ “Creatlng aninclu- =,
sive system begms with.. goals that apply to all students, as well as...a total. ' PR
A pollcy environment that supports systemic umty ‘a vision for educatlon . )
" which includes ALL students..” (NASBE, 1992). | ‘ D
’What Is Equnty" ‘ ‘: - : [ S
\ Educators have vaned perceptlons of what equlty is. For some equlty)rs a
: powerful set of bel1efs about the way people should be treated and jin turn o
' about the way schools should teach’ children. The1r ultimate ‘goal is “class— \
T rooms inr wh1ch‘ all chlldren whatever their social class, race, natlonal origin, , ’ \
. or gender, sit side by s1de and learn together successfully” (Wllson 1992). .
" ¢ Others view, equ1ty as equal dlStI'lbuthI’l of resources.. And; still others view it . -
N "not as equal quantlty but as equal quallty of the educatlonal experlence The R
. notion of equity as “opportunity to learn” mcludes each of these perspec-
. tives. In Opportunity to Learn: Issues of Equzty for Poor and Minority
“Students, Stevens and Grymes explain, “ we need to know if students at -
risk have. access to the full range of educatlonal opportumtles what kinds of
" ’learning opportunities are prov1ded and how well-tailored they are to’ the
- educational needs of these students”(1993). ° . L
. Whlle there is a wide spectrum of understandmg and be11efs about what !
,equity is, there is little. d1fﬁculty in recogmzrng and agree1ng on what equlty
, s not.’ There is rnuch research that describes mequltles in schools as well as
) strategles and programs for responding to such problems Inequltable prac-
tices cover.a range of issues 1ncludmg student group1ng, segregatlon lack of
teacher-student 1dent1ﬁcatlon low \teacher expectatlons lack of parental L

| v

involvement; lack of commumty support poor mstructlonal materials, lack |

“a /

. I . of support systerns and undeﬁned goals (McKenz1e 1993) "
, X , \

W

'
LN

Equity Relates to Every Part of the System. : ‘
- The earlier chapters. of this monograph discussed aspects of the systern
but did not focus on equity. Educators often debate whether equ1ty should be
addressed as a separate part of a reform program or whether it should be

\
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. embedded throughout 'I‘hey recognize that equlty is relevant to every part of
the’ system, but know that unless it is expllc1tly addressed it can easily be
overlooked Equity lies at the heart of any long-term, systermc change and

. . should relate to all strategies and poli-
S . cies 1mplemented during the process.
ZH@MMWZLQ] f or lewder shw The chapter on cum'culum for
dewel@pmemt pmfessa@mwl , example described the importance of

_ making quality mstructlonal materials
dewel@p memt and - available to all students. But equity in " *

. community @utmmﬂa . curriculum is more than that.
should wlwwys include © \ Cum'lculum frameworks, for example,
.. . ~, provide for coherence in the system,
pwmcapwmsﬁ' om-all - . . corfsistency from school to school and
seg;memts @f the i o assessments that. adequately measure
A achievement (Clune, 1993). A frame-
population. o

. work that truly addrésses equity, how-
| ever, must alsg be flexible enoughto
. meet the needs of md1v1dual schools teachers, and students 4 AN
The planmng and decision making process also should address equlty

lssues Individuals mvolved in the development ofa curnculum framework,
for example, should appropnately represent the mterests and d1verSIty of the
communlty and'local student population. Accordmg to a statement devel— .
oped by the Equity ACthI’l Group of NSF’s Statew1de Systemic Inltlatlves _
planmng for leadership- development professmnal development, and commu— ‘
nity outreach should always include participants from all segments of the
population (Equity Action Group, 1994). oA

. Equity is almost always present in discussions of testmg ‘Tests currently
in place have several slgmﬁcant faults: they do not reﬂect what practitioners - -
Tecognize as hlgh-quahty science curriculum, they do not allgn with | ’
inquiry-based instructional strategles and they weaken efforts to 1mprove

. science education by encouraging teachers to teach to the test. Overall the .

' ‘quality of- education of many students “has been undermined by the nature of
the testing problems used to momtor and shape their learning” '
(Darling-Hammond, 1994) "New assessment instruments must avoid bias,

-~

connect appropriately with curriculum and teachmg, and not rely on skills
that favor any particular group (Darlmg-Hammond '1994: Rothman,,1994)
Instructlonal practices such as trackmg are controversml because of the
'_ equity questlons they raise. In the past, decisions to follow trackmg practices -

were based on the assumption that less capable students would suffer 1f
Q
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grouped with brighter students, and that trackirig placements were accurate ;
' and fair, (Oakes, 1990) There is evidence on both s1des about the utility of

. tracking as an. educatlon strategy, but there is no quest1on that track1ng asit .
is unplemented today is not fair (Bates 1992) D1sproport10nate numbers of '

. minority and d1sadvantaged students are placed in lower track classes L -

- (Oakes and Lipton, 1992), which in turn often denies them equitable access
to quallty teachers and materials (Oakes et al., 1990; Gamoran, 1992). l

'Even when practices address equ1ty-related concerns, pollc1es are slow to

. change From an orgamzatlonal perspectlve practices related to trackmg, for -

: example can translate 1nto mequltles across.a whole district. Educators at ~

" the Harvard Graduate School of Education (1992) stated, “one of the most’

‘ d1sturb1ng aspects of the trackmg issue'is its potential to divide communities
along racial and social class lines.” ‘Student assxgnment pollc1es that group A
students in particular schools or. clusters within schools (such as. desegrega-

) tlon practices, and des1gn of b1hngual and g1fted and talented program) ra1se
serlous ‘questions about equlty and fau'ness

\

’

Y

“ Supportlng Equitable Classroom Practlce
CHAPTER 2 describes a vision for hlgh-quahty science educatlon The
” promise.of this vision is that inquiry-based science educatlon does more than -
facilitate meamngful sc1ence learmng—lt makes science learmng access1ble R
to all students. Inqulry-based sc1ence deals with familiar subJect matter, uses’
materials that children can touch and see and creates an env1ronment in
wluch studeénts of all backgrounds are motivated to learn and can achieve. -
Sandy Lam in San Francisco explams “Séience mlght be the one thing that
piques the natural curiosity of all chlldren Classrooms that emphaswe mem—
orizing facts and cookbook experiments deprlve all students of these opportu-
nities. : -
Inqulry-based science educatlon also develops skﬂls and knowledge valu-
able for all subject areas. The Natlonal Science Education Standards for
- 'example describe teaching practlces that “adapt and des1gn cumcula to |
meet the mterests knowledge understandlng, abilities and experiences of
students and that “challenge students to accept and share responsibility for-
“their own learning” (NRC, 1996). The standards also describe the importance
of engaging in d1scourse about science concepts makmg connections ™ .
-between evidence and explanatlons and recognlzrng and analyzing alterna-
~ tive explanations and models. These are essential parts of learning, science,
. but just as unportantly, they are “essential for learning in general and func- - R
t10n1ng productively and successfully in the world S ‘
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Movmg from Conversatlon to, Actlon N b >
' Science educators engaged in reform have spent many hours talkmg
about the probléms and i issues surroundmg equity. The first challenge has

been to recognize and raJse awareness about equity in sc1ence education and

throughout the educatlon system It is now time to translate the conversatlon
into action. Expenenced practitioners who are senous about reform are '
expenmentlng with a wide range of strategles and policy changes such as
curriculum adoptlons that move from textbooks to hands-on instructional
materials; us1ng new forms of assessment; promoting practices in which" all

students learn together; forging alliances among schools, families, and com-

munities; and holdmg practitioners and schools accountable for both quahty
" and equlty (Oakes et al. 1990) . S -
" As these practltloners are learning, any single one of these efforts by
itself is not powerful enough to move the systein as a whole’ frorward. The:
earlier chapters of this monograph discussed strategies for improving vari-
ous aspects of the system, but it is most important that educators energize
all parts of the system to work together Much has been learned already, but:
we are still workmg to ensure a “democratic, fully equitable and accessible
system of educatlon” (Perrone .1987). b : N
Linn (1993) suggests that equity in sc1ence and mathematics educatlon is
i an issue both of fairness'and of national 1nterest Regardless of the reason,
" the education reform commumty is committed to the idea that all students,
should have equ1table access to quality science and mathematics educatlon .
And as Perrone (1987) wrote “We can do this by asking hard questlons chal-
: lengmg simple answers, creatlng and uskmg the 1mplementatlon of new
structures...We need to- -encourage louder voices from many more of our
school admmlstrators teachers students and parents.. The struggle for edu-
, cational and soc1al equlty is nothmg less than an important respons1b111ty for
all educators.” » )
References : s ‘ .
American Association of Umver81ty Women (AAUW). (1990). Shortchanging
girls, shortchangmg Amemca Washington, DC: The Analys1s Group.
Bates, P. (1992). Tracking denies equal dccess. Beyond Trackmg,a newsletter
pubhshed by the Equity Coalition for Race Gender and Natlonal Ongm ‘
Vol. No. 1 ,pp.1-2. - ‘ ~ o

Clewell, B.C., Anderson B.T, and Thorpe M. (1992). B'reakmg the bame'rs
"Helping female and minority students succeed in mathematics and scz-
ence. San Francisco: Jossey-Bass )

~

. L )
(

. . " ' v .
9 O FOUNDATIONS = VOLUME 1
- )

"~

v



'
+

N CHAPTER 9 Equity .- . . N

Clune W. (1993) The best\path to systemlc educatlonal policy: Standard/cen- :

A trahzed or dlfferentlated/decentrallzed" Educatzonal Evaluatzon and
Polzcy Analysis, 156: 233-2564. | | - S N

Darhng-Hammond L. (1994). Performance based assessment ‘and educat1on-
al equ1ty Hafr'vard Educatzonal Review, 56: 280- 298

Equity . Action Group (1994) Equrty framework in mathemat1cs ‘science, and

g technology educatlon Unpublished report of the Equrty Focus Group for

the Statew1de Systemic Imt1at1ve to the National Science Foundat1on ;

Gamoran A. (1992). Synthesis of research Is’ ablhty grouplng equltable"
Educational Leadersth, October: 11-17. / - b

)

Gardner A., Mason, C.; and Matyas, M. L. (1989) Equlty, excellence and Just

St

0 plain good teaching.’ The Amemcan Bzology Teacher, 51: 72- 77 - ’

. /Greenbaum J. (1992). Article. Beyond Tra,ckmg, a newsletter publ1shed by
the Equity Coalition for Race, Gender and'National Ongm Vol. III No. 1

* pp. 18-20. ! Yoo \ -
Harvard Graduate School of Educatlon (1992) Tracking wars Is anyone
winning? The Harvard Educatzon Letter 8:14. N

' Holmes, N. (1991). The road less traveled by girls: Educato‘rs seek ways to
boost female achlevement 1n math and science. The School
Admzmstmtor December: 8-14; 16:18. L Ty

Kahle, J.' (1994) Interrelationships between gender affect, and retention in .
' . science classrooms: A theoretical approach In M: Atwater, K. ‘
Radzik-Marsh, and M. Structchenes, Eds., Multzcultuml educatzon ,
\ - Inclusion of all. Athens GA: Umver81ty of Georgia. ~ '
Kahle J. (199 1) Math and science for gzrls Executive summary of a sympo-
smm sponsored by the National Coalition of G1rls Schools, June. S
Llnn E (1993). Science and equity: Why this issue is important. Science .
' - Education and Equity, a newsletter of the Eqmty Coalition for Race/
Gender and National Origin, Fall- -Spring, 1993-1994, pp. 3-5.
Mason, C., and ‘Barba, R."(1992). Equal opportumty science. In Science for
i All Cultures. Arhngton VA: NSTA. Ongmally publlshed in The Science,
Tea,cher May, 1992.
‘McKenzie, F. (1993) Equity: A call to action. In G Cawelt1 Ed. Challenges
and achievements of: American educatzon Alexandria; VA: Association
v for Superv151on and Curriculum Development :
y Mulhs I et al: (1994) NAEP l 992 trends in academic progress NCES
' _Report No. 23 TROI Washington, DC: U.S. Department of Educatlon
Office of Educatlonal Research and Improvement .
National Assoc1atlon of State Boards of Education (NASBE) (1992)
Winners all. A call for mcluswe schools The Report of the NASBE Study
Group on Special Educatlonl Alexandna VA: NASBE ‘

! \
r [T .

et Provided by ERC B ‘< /
. A B

EKC[‘IONS-VOLUMEI B o . '91 L ," 85

“
v



Y . . B SN -

CHAPTER 9 Equity .
(S ~ . RS
\ E . s h

National Association of State Boards of Education. (NASBE). ( 1991).
Statewide systemic, change to improve math science a.nd technology edu-
o cation. Issues in Brief, September. . + ~ . )
National Research Council (NRC). (1996). National science educatwn stcm—
- dards. Washmgton DC: National Academy Press.
- National Sc1ence Foundatioh (NSF). (1996). Characteristics of doctoral sci-
N entists and engineers in the United States: 1993. NSF 96—302 Arhngton
VA: NSF.

Oakes, J., Ormseth, T., Bell, R and Camp, P. (1990) Multiplying mequah-
ties: The effects oﬂmce socwl class, and tracking on opportunities to
learn mdthematics and science. A report to the RAND Corporatlon
Santa Monica,CA: RAND. -~ . '

Oakes J., and Lipton, M: (1992) Making the best of schools A handbook for
parents teachers dnd pohcymakers New Haven: Yale University Press.

Perrone, V. (1987). Promoting equity: The forgotten responsibility. In A.
Molnar, Ed., Social issues and education: Challenge & responszbzmy
- Alexandria, VA: Assoc1atlon for Superv131on and Cumculum

. Development C - . )

Rothman R. (1994). Evaluatwn comment. Assessment questwns Equity - :
‘answers. Proceedmgs of the 1993 CRESST Conference Los Angeles CA:
Center for Research on Evaluation, Standards, and Student Testmg,
UCLA. -

Sadker, M, Sadker D., and Stulberg, L. (1993) Fair a.nd square‘? Creatmg a
nonsexist classroom Instructor, (March): 45-46, 67. A

Stevens, F, and Grymes, J. (1993). Opportunity to learn: Issues of equity for
poor and minority students Washington, DC: U.S. Department of ‘ \

) Educatlon National Center for Education Statistics. o

Strickland, D., and Ascher, C. (1992). Low-income African- American chlldren
and pubhc schooling. In P. Jackson; Ed., The handbook of research on
cumculum New York AERA/Macmxllan Pubhshmg Compa.ny

Suggested Readlng

Beane, D. B (1988). Mathematics and science: Critical ﬁlters for the Juture
of minority students. Washmgton DC: The Mid- Atla.ntlc Eqmty Center,
The American Umversn;y .

g

Yoo , . / a

Q . o . Ny ‘ " o ‘
EMC . . i 92 ' . ) FOUNDATIONS = VOLUME 1




. Postscript

)

CHAPTER 10{.

N e hope readers of this monograph /have learned SO
' Wcomplexlty and excitement.of plannlng and 1mplemen g an
'mqulry—based science educatlon program. It is a long -term challenge
requires attentlon to every component of the educatlon\system i
All parts of the system are equally important: planmng, leadershipsi
nculum instruction, assessment, profess10nal development ﬁnanc1ng, col-
laboration, and equlty We have highlighted them because we believe the o
lessons learned by those already working i in the field can inform the pro-
 grams and pohc1es of those newer to the process of science refonn . .
Unfortunately, this monograph is not as comprehensive as we might like.
Some important issues such as making sc1ence part of the core cumculum
_the use of technology, classroom assessment large—scale evaluation, and
linking teacher preparatlon to reform efforts have been omitted. There are
others mentioned below and still more that may have eluded us. In reahty,
these topics could have been chapters i in their own right. We omitted them i in
favor of others that seem to have y1elded greater levels of understandmg that
we could pass on to you, the reader Nevertheless we mentlon these topics
in hopes that you will forge new levels of understanding i 1n your quest to i -
" make inquiry-based sc1ence instruction the norm in your school or district. ’

P .
Acceptmg scnence as part of the school dlstnct's core curriculum.

In d1str1cts that consider science a’core subJect area, all students have
access to rich and varied curriculum materlals within blocks of time that are
adequate for engaging in rigorous 1nqu1ry _based instruction. Unfortunately,
th1s is far from the norm in many school systems, largely ‘because teéachers
are expected to concentrate on those subJects that ‘appear on large—scale
tests—primarily language arts and mathematlcs Asa result, science often
slips through the‘ cracks. _ . o i | »

.
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. Inspite of the incentive system borne through hlgh stakes testing, there
-are districts that make sc1ence programs a lrugh pnorlty We need to. better
understand the vision and pract1ces of these school distriefs in order to
develop strateg1es that might work elsewhere. A . !
v\ ‘| N
Usmg technology ds an effective tooI for science - - .
instruction and reform. ‘ - N 1 )
Educators increasingly recogmze that advances in technology have the , T
potentlal to revolutionize-the way science is taught and learned in U.S. o -
schools. Across the country, school systems are allocatmg substantial
. amounts of money to buy computers and software, to network their class- .
rooms, and to tram teachers in-the, use of these technologles School teach- ,
ers are becoming more comfortable usmg the Internet to supplement other
classroom work, and they are introducing students to different programs
now available for creating databases and for analyzmg scientific data.
" Despite this increase in the avallablhty of technology, very few dlstncts
have effectlvely formed a vision of how to integrate technology into systemlc
_ reform efforts. This i is particularly true at the elementary school level. There
are mterestmg expenments takmg place across the country, many supported
by the National Science Foundatlon that have shown profound prormse for
change. But, on the whole iin the sc1ence education programs most familiar
to us, students and teachers are still strugglmg to closely allgn the use’-of
technology to sc1ence frameworks standards; and goals for reform. .

)
\

Improving teacher content knowledge to provnde strong o0 o

science instruction. S ST L .
Effectlve teachmg in any subJect requlres a strong base of knowledge in

that subJect area as well as knowledge of strategies for instruction and -

'assessment Unfortunately, many elementary teacheérs are poorly prepared i 1n 5

scienée. Districts have to recognize and address this problem if they hope to

g1ve all students the background knowledge they need to ‘succeed in lrugh P

school science courses. |, . po v " i
Teacher support\ and ass1stance from practicing s01ent1sts is one valuable

approach to addressmg thls lack of preparation and the resulting lack of con?’

fidence in teachmg science! In order-to effectively implement the science ~ / .

standards, districts will have to make the 1mprovement of teacher content

knowledge a lrugh priority on the professmnal development agenda We have

seen pilot efforts that look promlsmg, they need time for nurtunng and -

growth. , . y o
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Strengthenlng teacher preparatlon programs |n order tO |mprove ,
,elementary scnence instruction. o v '
’ Lackof sc1ence content knowledge is linked closely to inadequate’ prepa—
N rat10n for teachers in universities and colleges across the country This,
’ together with h1gher education’s slow pace of change in preparing teachers _
to meet the needs of an increasingly diverse student population, has pro- -
v duced a teacher corps with only a small repert01re of the skills necessary for
teachmg mqmry -based science in today s classrooms. Closer collaboration
* between higher education’and the public schools is essential if colleges and
" umvers1t1es are to offer preserv1ce and i mserv1ce educatlon that advances the

~

J
new science standards and frameworks '.“ . T

. Expanding |n|t|at|ves for K-16 artlculatlon ;ln science educatlon o
 With the development of new science standards and the evolv1ng efforts
' at designing new assessment approaches for science, there is mcreasmg con-
,sensus about what students should know and be able to do at different levels )
of the educatlon system, The alignment of these _expectations w1th currlcula
m a coherent sequence from the primary . grades through the undergraduate
college years—known as K-16 articulation—is now a more attalnable goal |
than at any tune in the past. Ach1evmg it, however, will require collaborat1on
trust, and mutual respect among educators from. klndergartens to umver31—

} . t1es We see strong potentlal for more con51stent and ongomg art1culat1on n

’ St : // N
sc1ence(educat1on N " ‘ . v /

t ' 4 s / , i
Conducting large-scale evaluations of sclence educatlon programs o7
School districts are mcreasmgly implementing reforms in science educa- -
"1 tion within the context of comprehensive ‘systemic change efforts. This leads ¢
NS ‘to many questions about how to evaluate the success of these programs
~Systemic change is a long-term effort that requires 51multaneous restructur—
‘ing)of many drfferent facets of school life and orgamzatlon ;Measu,nng the
progress of tlus kind is difficult, espec1ally inthe early stages. : B R
Large scale evaluations. are generally most useful when several assess—
‘ment methods are employed in combination with each other. One of the ,
most important methods is the analy51s of student test data but this measure
should’be thoughtfully supplemented with- other short term and long- term
indicators of success 1nclud1ng longltudlnal research on the part1c1patron ‘
rates of students in upper | level sc1ence courses once they reach high school
and college Th1s k1nd of research takes both tune and money, but itisan * - -

P < . . . i
RN ' SN !
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. CHAPTER 10 Postscript ‘ \
~, . , ~ . N . ) (
indicator that science educatlon reform has achleved its ultlmate goal—last—
S
mg change in.student learmng and performance '

§

/ ' . B . )

, ‘ Those who have climbed‘\the steep'slopes of sc1ence educatlon reform
ﬁnd reward in the breathtakmg panorama below but know they must chmb
hlgher still’ Surely, there is much left to do. These issues and others w1ll be

" the subject of many ongoing conversations about science reform in our indi- ™
vidual schools and districts over the next several years and w1th1n this mono-
graph senes But from where we stand today, we know how much has been -
accomphshed in the last decade. Although not yet'at the summlt we have

L Teason to be optimistic. _ o P

N | . . * . . \ - Tt
. . . N ' N . ;
A of . . .
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APPEND X

R@f@n"m

Local Systemic Change Districts'

" s Alaba‘ma

J

+ Hands- On Actrvrty Scrence Program
‘Principal /nvest/gator John anht
Institution: Unlversny of AIabama—HuntszIe

Phone: -

., Email:

Institute for SC|ence Education.
Morten Hall Room' 112 - "

" Huntsville, AL 35899 .

N

(205) 895-6670

" mossp@email.uah.edu

Co-Principal Investigators: Charles W. Shipp, .

\

Joanna-May, Lindd Sanders
~and J.A. Childers

c Coverage: 5 districts; 37 schooIs 620 teachers

. Alaska

13, 600 students

\ N
o

)

‘

- Earth Systems Implementatlon

Pro;ect (ESIP)
Principal /nvest/gator Judy Reid-

~ /nst/tut/on Bartlett High .School

Curnculum and Ingtruction - Y
-25-500 N. Muldoon Rd, Rm C222
Anchorage. AK 99506-1698

Phone:  (907) 269-8341 . o
Email:  reid_judy@msmail.asd k12.ak.us
Co-Principal Investigators:=John Sibert L

'
\

and Donna York . - i

Coverage 1 district; 61 schooIs 1,050 teachers

28,000 students

.

~ /

Pl

Pr/ncrpa/ Investigator: Susan Sprague -
Institution: Mesa PubIlc Schools/SSRC

Mesa, AZ 85210-1096
Phone: (602) 898-7815 .
N Email: } ssprague@barnum.mesa.k12: az.us
Co- Pnncrpa/ Investigators: Douglas Barnard and ’
! Susan Wyckoff ) “
Coverage 1 disfrict; 58 schools; 2, 000 teachers
48,050 students. . ! 7

California

Teacher Enhancement for Student s

Success (TESS) .

Principal Investigator: Charles McCully y v

Institution: Fresno Unified School Dlstnct N '
Office of Superintendent : 5
Tulare and M Street . N ’

- Fresno, CA 93721- oy
Phone: * (209) 441-3515 N
" Email robert_grobe@csu.fresno.edu
Coverage: 1 d|str|ct 79 schools; 2,040 teachers
' 58 400. students ) L

"1 The following dlstnct;s_ are unp]ernenting science education reform projects with support of the
National Science Foundation’s Local Systemic Change through Teacher Enhancement program. -

This list is provided as a resource for those districts t:hat are p]a.nmng reform efforts and w1$h to
. ' ‘ . '

consult with others, -

O

\
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. APPENDIX Resources for Science Education Reform

!

Leadershlp Institute for Teachlng
. Elementary Science (LITES)
Principal Investigator: Jane Bowyer
Institution: Mills College /
: Department of Education
N 5000 MacArthur Boulevard !
. , OakIand CA 94613
- Phone:  (510) 430-2118
Email:  jane@ella.mills.edu
Co-Principal InVestidators Carolyn Getridge

Coverage 1 district; 60 schools; 1,060 teachers '

52, 000 students.

_ CITY SCIENCE—Unlversrty of N
California, San Francisco
~ Institute for Elementary Teachers
Principal Investigator: Peter Walter . | -~
+ Institution: University-of California—
"+ . San Francisco
Science & Health Educ Partnershrp
100 MedrcaI Center Way
N W-1, Top Floor—Box 0905 .
© v San Francrscq CA 94143-0905
" Phone:  (415)476-0930 -
Email:  peter_walter.biochem@ - -
.+ quickmail.ucsf.edu
" Co- Pnncrpa/ Investigators: Bonme Smith and
Elizabeth Chatman

=

Coverage: 1 district; 76 schools; 1,300 teachers '

« 32,500 students.
National School District Systemic
" Teacher Enhancement Project -
(NSSTE)
Principal /nvestrgator PauI SaItman
Institution: Unrversrty of California, San Diego
" Department of Biology ~ -
9500 Gilman Drive; Dept. 0176
“La Jolla, CA 92093-0176
Phone:. . (619) 534-3824
Email: robert_dean@unexpost. ucsd edu .
Co-Principal Investigators: Christopher Oram Lo
George Cameron and Robert A. Dean
Coverage 1 district; 10 schools; 410 teachers;
S0 6,639 students. P

' Teacher Enhancement Through

.

S

N

) 'Phane:

s

" . Building Bridges to the Ifuturé The
Next Generatlon of Science-Enabled - N

T Phone

’
~

Language Acquisition in Science
Educatlon for Rural Schools
(LASERS)
Principal Investigator: Patricia Stoddart
/nst/tut/on University of CaIrfornla—Santa Cruz
Education Board of Studies—
- Merrill College '
1156 High Street
’  Santa Cruz, CA 95064
Phone:

{408) 459-3850
. Email: - stoddart@cats.ucsc.edu
" Cb- Pnncrpa/ Investigators: Lucinda Pease- Alvarez >
" and Roberta Jaffe
Coverage: 7 districts; 50 schools; 1,272
teachers; 30,000 students. . . °
Georgia

Elementary Science Education,
Partners_(ESEP) ! -

" Principal /nvest_igator: Robert DeHaan

Institution. Emory University s
/\ ~ Medical School

Dept. of Anatomy & Cell Brology

Atlanta, GA 30322

(404) 727 6237 . )

Email: bob@anatomy emory.edu

Co-Principal Investigators: Benjamin 0. Canada,

, MoIIy Weinburgh, andL Vemon’

Aliwood

“«Coverage: 1 district; 72 schools. 1,600 teachers
30’000 students. -

Indiana . , o !

Elementary School Teachers:

" Principal Investigator: ASusan Johnson .

Institution: Ball State University |

="y College of Sciences & Humanities

NQ 112 , .

Muncie, IN 47306 v T

- (317) 285-8831 ]

Email 00smjohnson@bsuve.bsu.edu

Coverage: 14 districts; 40-schools; 650 teachers
13,000 students S

N
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Michigan

Midland Public Schools’ Systemic
Change Teacher Enhancement

" Institute

. N\ Principal Investigator: Sarah Lindsey

Institution: Midland County Intermediaté

Y ) Scieche'Resources" Center
815 State Street .
Midland, MI 48640

(517) 839-2427
jpegel@aol.com

Phone: }
Email:

Co-Principal Investigators: Jody S: Pagel and .

Kathy A. Grzesiak

Covérage: 1 district; 12 schools; 308 teachers;

RN

" 7 5,900 students.
ce . N
Montana ‘o
,

,KEYSTONE A\Rural Reglonal

> Traihing Program for Excellence in_

Science and Technology
Principal Investigator: Myra Miller
Institution: Bozeman Public Schools

H

0

’
i
t

4 4

N - Willson Science and Tech School
404 West'Main Street,

a Bozemari, MT 59715 .
Phone:  (406) 585- 1500 - ‘ b
Email: * wimill@hawks.bps.montana.edu
Co- Pr/nCIpa/ Investigators: Ned Levine

.. and Terry Baldus

Coverage 23 d|str|cts\ 48 schools; 518 teachers

N ’ 6,300 students o »

Nevada " S

'+ The »Mat‘hematics and Science

Enhancement Il (MASE II)

Principal Investigator: P. Kay Cart .

Institution: Clark County School District
-2832 East Flamingo Road

Las Vegas, NV 89121-5207

Phone: . (702) 799-5474
Email: gregg@nevada.edu
Co-Principal Investigators: Linda Gregg

Coverage: 1 district; 60 schools; 2,040 teac,hers;‘

(

R 46,000 students. - -~

\
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Ly
New Jersey

\ ' ' .
The Partnership for Systemic -
Change: A School/Business

Collaborative to Enhance Sclence

Mathematlcs, and Technology

'+ Teaching and Learning

Principal Investigator: Carlo Parravano

Institution: Merck Institute of Science Educ.
126 East Lincoln Ave: S
P.0. Box 2000 (RY7 230)
Rahway, NJ 07065-0900°

* (908) 594-7401
parravano@merck com’

Co Pr/napa/ Investigators: Christine Salcito,

~ Fischer, David Decker, . ’

Pﬁ'o&ne

"t/ and WalterTylicki

Coverage; 4 district(s); 35 school(s); 825

L teache,rs 23,100"students.

\

Kate

Great Ideas inScience Consortimn: ¢

Partners for Integrated Science
Curriculum Reform

i

’ Pr/nCIpa/ Investigator: Jacqueline W|II|s

»

Institution: Montclair State CoIIege

Great Ideas in Science, Consortium

Valley Road & Normal Avenue’
‘Montclair, NJ 07043
(201) 893-4000

-, giacalone@aol.com o

Phohe ’
Email:

Co-Principal Investigators: Gloria Scott, Maria
Canmzzaro Jane McMillan-Brown, and

’

Bonnie K: Lustigaman
Coverage: 2 districts; 44 schools; 1.000:
. " teachers. F
¢ : .
EsMC? s
Principal Investigator: Linda WaIker

. " Curriculum and-Instruction
. 506 Village Rd. West'
“~ PO.Box248 -
N Princeton Junction, NJ 08550
> (609) 799- 0200 .
wwpcur@pluto njcc.com

Phone:
Email: °

A\
2

. Institution: West Windsor/Plainsboro RSD -

ot

Co-Principal Investigators: Edward Nartowitz and v "

_Sondra Markman . -
‘Coverage:, 3 district(s); 15 school(s); 574
) teachers 13 550 students.

99 "
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New York . oo

TEAM 2000
Principal Investigator; Peter Dow.
Institution: Buffalo Mugeum of Science

1020 Humboldt Parkway - "
. Buffalo, NY 14211-1293 ~ .
Phone:  (716) 896-5200 . .
. team@mailgate. Qrew buffalo

Email:
’ K12.ny.us
Co- Pr/n(:/pa/ /nvest/gators Samuel J. AIeSS| g,
. +and Delcene West
" Coverage: 1 district; 61 schools; 1 ,400\ teachers.

“SMART PROCESS"-LocaI Systemlc
Change Through Teacher . S
: Enhancement ., °

Principal Investigator: Gilbert Turchin

Institution: Community School Dlstncts 3& 5

300 West 96th Street -

New York, NY 10025 \ . o
Phone: ~ (212)678-2918 -
Email: csd3@chelsea.ios.com

Co-Principal ’im{estigators: Howard Berger and
» Howard Nadler
Coverage. 2 districts; 35 schools; 1,470 teachers;
21,535 students. {
1 N

Ohio\

Pr01ect SEEDS Scnence Education
Enhancmg the Development of Skills,
'K-6
Principal /nvest/gator Jane Hazen .
Institution: The Educational Enhancement -
Partnerships (TEEP) ~

- Stark County School District
2100-38th Street, N. W.
Canton, OH 44707-2300
(216) 492-8136 ™
_ joh2sc@bigbird.stark k12.0h.us
16 public & 3 private districts; 76«
‘schools; 1,000 teachers; 30, OOO
. students.

Email:
Coverage

- Pennsylvania .

S/

~

ASSET Teacher : “

Enhancement Project

“Principal Investigator: Reeny Davidson -

Institution: ASSET, Inc.

~ 15Term|nal Way "
Plttsburgh PA 15219-1299

Phone:  (412) 488-1444

Email:  davison@duq3.cc.dug.edu

Co-Principal Investigators: Vincent Valicenti,

< Margie Ritson, Jacqueline Coleman,

Greg Calvetti, Kalyani Raghavan and
Frances Alder”

Coverage 15 districts; 1,020 teachers; 25, OOO

students v RS

Rhode Island
“The KITES Project: Kits In Teachmg
Elementary Science e .
\Principal Investigator: Greg Kniseley
Institution: Rhode lsland College v
. Dept. of Elementary Education,
. HM205
. 600 Mount Pleasant Avenue
) Prowdence RI'02908-1991
Phone: . (401) 456-8016-
~Email..  mkniseley@grog.ric.edu
Co-Principal Investigators: Gerald Kowalczyk

» Coverage: 8 districts; 52 schools; 600 teachers; -. -.

112,000 students.
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'fennessee |
g \

-
Metro Nashville PUbllc Schools'
Systemlc Inltlatlve to Improve '

Science Achlevement for All Studénts

Principal Investigator: Barbara Nye - :
Institution: Tennessee State University |
Center of Excellence ‘for Research

cand Polrcy on Basrc SkrIIs
r ’NashV|IIe TN 37209 ‘

Phone {615) 963-7231
' Email: bnye@picard nstate.edu - - ks
Co- Pr/ncrpa/ Investigators: Richard Benjamrn and

-Emily Stinson
- Coverage: 1 d|str|ct 84 schooIs 3, 000 teachers

70 000 students ‘ '

. s
Washlngton o ’«, Y
)

STAFF Leadershlp for Rural School
Districts
Pr/ncrpa/ Investigator; Denis Schatz

-

Department-of Education:

. 200 SecondAve. North +: i =

Seattle; WA 98109-4895 ' '

Phone;  (206) 443- 2867 _
Emdil: « p schatz@pacsci org '\ o
. Coverage: 3 districts;.8 schools; 193 teachers
4 ‘
) 6, 139 students \R\
Hands-On Smence in Seattle
Schools, K- 5 o

. Principal Investigator: Arlene Ackerman .

Institution: Seattle Public Schools .

\ . 815 FourthiAvenue, North S
Seattle, WA 98109. L4

Phone:,  (206) 298-7180 ,
"Email: . aackerman@is.ssd.k12.wa.us

Co Pnncrpa/ /nvest/gators Leroy Hood, Martha
y Darling, Charles Laird
+ - and Roger Bumgarner

" Coverage: 1 district; 70 schools; 1,400 teachers;

.

’

23,000 students . i

Il\nchorage, AK

© Emaif’reid Judy@msmarl asd.k12.ak.us

Atlanta,\GA ’

| Ba‘ltimore/; MD

L A 7 ) T 7 - —
APPENDIX - Resources for'Science Education Reform . S

ro ST

" School Districts Referenced | -

in this Document ~ « - -/

g r ‘ .
JudyReld T ‘

Bartlett High School bt /
Curr|cqum and Instructlon - . ,
. 25-500,N. Muldodn R, RMC222 g

N Anchorage AK 99506 1698

Phone: (907) 269-8341 ~

. p
’ 3 - \
. “ -

/ ;RobertDeHaan sy 14 "
- Emory University SRR ’

Medlcal Schools - -
Dept. of Anatomy & Cell Biclogy

Atlanta, GA 30322 TR

\ ; - * Phone: (404) 727- 6237
" Institution: Pacific Science, Center Fdn./ j « -, Phone: (404)

Email: botf@anatomyfemory.edu
. O

2

Andrea Bowden . .

Supervrsor Office of Sciénce, Mathematrcs and
Health -, - | ) :

 Baltimore City Public Schools ~~

200 East North Avenue '

' Baltimore, MD 21202 '

Phone. _410 -396-8573 ae N :

.. .

x/ , ‘ ! ,
Buffalo, NY \ L L -
> oo R
Cathy Chamberlrn ]

" Project Admlnrstrator—TEAM 2000

BPS Curriculum Department A

229 Floss Avenue . . - S o

Buffalo, NY 14215

/- Phorie: 716-897-8131 .
Email: crcharnb@aol.com' ’

e
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CoL ) ) 'S S K ’l&\ I’ “
o Car‘ni:ridge', MA o Me?a, Ari)Zona . y o
R 5 N . - . ! . ! /
" Melanie Barron < » oo . Susan:Sprague EECN
\ Science Coordinator, K- 12 Y. " Mesa Public Schools/SSRC o
Cambrldge Public Schools o ! 143 South.Aima School Road
CRLS — 459 Broadway ’ V" Mesa,AZ 85210-1096 o
Cambndge MA 02138 o Phone 602)898-7815 - . Ny
~ Phone: 617-349-6792 | . RS Email: ssprague@bamum mesakl2.azus
. Ema// crlsbarron@aol com - L. ~ , ‘ RN
. X AL X LA \ S
Cleveland OH Co . Nev(:'vork NY b
- N ) ) A . PR
LawannaWhlte SR L Howard Nadler ' [
SC|ence Superwsor Lo v Smence Coordinator o
"~ Cleveland Public Schodls v~ - \ ' ' .Communlty School District 5 o
{380 6tHStrest - - ' . 433West 123rd Street SR
Room 225 o NewYork, NY.10027° :
Cleveland, OH 44114 * ~ -~ Phone: 212-769-7552 ‘
‘Phone 216-574:8180 - - -7 Emai hnadler@ralphbug:he.rbs.edu R
\\\ T : ‘ . Sy i
) o T John Cafarella  ~ o N0 .
o lHuntsviIIe, AL Y . ] . Director of Seience Ao
i ' SN '\’ Comimunity School District 6 | '
< \Arlene Chllders o . © -~~~ 4360 Broadway , L el
'-Associate Director ' Voo T NewYork, NY10023 v N \
" institute  for Smence Educatlon S Phone: 212-795- 8032 v .0
‘ Umversnty\of Alabarna, Hu?tswlle AV - Email: SyYentz@aoI com. P
"¢ WilsorvHall 107 ¢ A o YT
""" Huntsville, AL 35899 N L Howard Berger A .
. Phone: 205-890-6156 . . ° . Director of Scierice, Education ' . N
> ) S . ¢ N . “Community "District 3 L
e ot 1" 270 West 70th Street A
~  lLas Vegas, NV . o . New York, NY 10023 " N | -
’ o Co 7 Phone:212-663- 8713 >
- LlndaGregg P - o L t“ o .
K5 Mathematlcs and Smence SpeC|aI|st , ! - -, ’
851 E\Troplcana ~ . g Pasadena, CA ‘ ‘ .
Paradise Room 22 CR L, S
Las Vegas, NV 89119"+ T o JenniferYo’ung v T .
A \Phone 702-799:1997" CoL + Coordinator K-8 Science , v L
" Email |gregg@|nterm|nd net .. ' Pasadena Unified School D|str|ct ' ! ’.S
) . . "v2501 Page Drive ;
R ' IR : Pasadena, CA 91001 .
' L ov © -\ Phone:818-791-8932 o
R oo . Emailjyure@capsiedu ;
Vo~ . ' ) NN C /
| . v N J i ' . o s |
o N ' Lo N g
, ! | \ ) i d ' \
’ ’ . - /\ \ \
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Pittsburgh,' PA (Allegheny Schools)
, , ¢

~

- Reeny Dawson R

*(202) 879-9600

+ Mesa'Public \Schog[s

3

ASSET Inc, .. 7
15 Terminal Way / ) -
Pittsburgh, PA 15219-1299
Phone: 412-488-1444

N

TS
’

San Francisco, CA

4

‘Mathematics and Smence Program ‘Director -
Curriculum Improvement and Professional

Development Center

2550 25th Avenue B
San Francisco, CA 94116 '
Phone: 415-759-2950
NN o~

V

e i

Helpful Organizjeti.o'ns‘ R

‘ The: Annenberg/CPB Math

and Sclence\PrOIect
' 901 E Street NW .
‘Washmgton DC 20004

-t

¢ - Association of Sc'ie'nce

Materials Centers (ASMC)
Susan Sprague_ 7

Science Materlals Center

143 South Alma School Road
Mesa, AZ 85210-1096

Association of
Science-Technology Centers.
1025 Vermont Ave. N
‘Suite 500, -
Washmgton, DC 20005 ~ ’

, (202) 783-7200
I

3

7

.

Qa

[N

.

\

I

. 55 Chapel Street

\ , PN
Center for Urban Science -
Education Reform, , :
Judith Opert Sandler ; ; -
Education Development Center '

/ ) 7/

.- Newton, MA 02158- 1060 N

. (617) 969-7100 X2409 N ‘ ,

The Exploratorium’ ./

Institute for Inquiry o
‘Lynn Rankin . _

‘3601 Lyon'Street - S ‘ \
San Francisco, CA 94123 ' - T
(415) 563-7337 - ‘ S

‘National Research Council, Center
for Science, Mathematlcs, and - -
Engmeermg Education ‘
2101 Constitution Ave NW

Washington, DC 20418 - .
(202) 334-2353 Lo o

Natlonal Sclence Resources Center\ !
Director of Outreach .
Capital Gallery ~ = v IS
600 Maryland Avenue SW. . v
Suite 880 ‘ : S
Washington, DC, 20024 ’

(202) 287 2063

R
N, \

New Standards Project L e
Learnmg Research and Development Center\
University of Plttsburgh . SR
+ 3939 O'Hara Street - :

Pittsburgh, PA 15260

(412) 624-8319: SR
N
TERC, Cheche Konnen Center for

‘Science Education Reform

Ann Rosebery ' '
2067 Massachusetts’Avenue o
Cambndge MA 02140, o
. (617) 547- 0430 )

/

Women’s Educational Equity Act s

Publlshmg Center L =,
Education Development Center ’ %
" 55 Chapel Stregt * N

Newton, MA 02158 P

(617) 969-7100 ’ \

103w



.+ APPENDIX Resources for Science Education Reform
. ‘ . 1

T

7 Supervisor, Oﬁlce of Sci., Math&Hea!th A

) r
4

RN

o Fax:

‘ /
. v /.
i

P /

Center for Urban Science

" Education Reform (CUSER) Key

Contact Names2

\‘\

Baltimore, MD .
Andrea Bowden -

Baltimore City PUb|IC Schools
200 East North Avénue -
Baltimore; MD'21202
Phone:: 410-396-8573"
‘Fax: . 410-396-8063.

' Beaumont, TX
Patsy Magee- ,
St:lence Supervisor, K-12
BISD' Admlnlstratlon Bldg

/ 3395 Harnson .

A

s
' Beaumont, TX 77706 o

Phone g
409: 899-5892 /
Email:

Martha Roberts e

Buffalo NY .
\Cathy Chamberfin = 7 -

~ ‘Project Admmlstrator—Team 200

BPS Currlcu(um Dept.
229 Floss Avenue .
Buffalo, NY:- 14215

Sy

- A

Cambridge, MA
Mélanie Barron
Science Coordinator K-12
Cambridge Public Schools
" CRLS—459 Broadway =~
© Cambridge, MA 02138/ *_

Phone:, - 617-349-6792
¢ Fax: . -617-349-6318
Email:  crisbarron@aol.com-

\

N

“ '

Phone: » 716-897-8131
Fax: . 716-897- 8121, - .
‘. Email:

crehamb@aol.com .

‘\ .

.

409-899-9972, extﬁ 259

AN

\

‘

patsy@beaumaont. ilsd.tenet.\e)du

¢

-

\

N

P

o

N

>

. Phone,

N N '

Cleveland, OH .

' 1 Lawanna White > -
" Science Supervisor

Cleveland Public Schools
1380 E. 6th Street

“Room 255 - + s
Cleveland, OH 44114
216-574-8180
Fax: 216-574-8132\
Fort Wayne, N “
Dana chhern B

N Curriculim Coordinator

! VFax:

N F aX-‘

. Fax:

Fort Wayne Community Schools
1200 South Clinton Street

Fort Wayne, IN 46802

Phone: " 219-425-7255
219:; 425 7722

.Jackson, MS | ‘
! Exec Dir. of Instructlon/Student I___rng

662 South. Presndent Street
POB 2338 . -
Jackson, MS 39201 N
\Phone: . 601-960-8762

': . Las \Iegas N\I :

Linda Gregg

* K-5 Math & Science Spe(:lahst

851 E. Troplcana s

Paradise Room 22 \
Las Vegas NV 89119 * ~
Phone: 702 799-1997,-
702 799-5687

“Email: Igregg@mtermlnd net -

‘Lexington; KY ’
David Taylor SN T .
Smence Coordinator )
Fayette County Schools

701 East Main Street

Lexmgton KY.40502 -

" Phone:  606-281-0240
Fax. ~ 606-281-0106
' Ema//

601 973 48551 a0

{

dtaylor@msmall fayette.k12 ky.us

\ 2 The’ followmg districts have pa.rt1c1pated in CUSER ] act1v1t1es that provide opportumtxes for
school systems involved in science educatlon reform to 1mprove their programs by learnmg

from each other.
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" APPENDIX - Resources for. §cience Education Reform

- A\ /

_New York ‘NY Dlstrlct3 . - SouthBend,IN ‘-

" Howard Berger IR  Jesse Warren -

- Director of, Science- Education ; . Curriculum Facilitator ., ¢
NYC Community School District3  * " ‘South Bend Community School Corp .
270-West 70th Street  « : 635 South Main Street - * -~ - .

. New York, NY'10023 . - . South Bend, IN 46601 o
Phone: —212-663-8713 5 Phone , 219-283-8057
Fax; ' 212-932-3883 R . Fax 219-283-8059 o

: v : ' Email: - jwarren@sbescki2inus J
New York, NY District 5 . v o -
HowardNader =~ - .- '~ ° ‘Spring Branch, TX
Science Coordinator : : N . Dee Goldberg =~ :
Communlty School District 5 - .~ ' " Elem. Coord. for Sci. & Tech. (" .
433 West 123rd Street - . . /. ~Spring Branch ISD" - '

- NewYork, NY 10027 . o 955 Campbell Road -
Phone:  212-769-7552 , Sprlng Branch, TX 77024
Fax: . 212-932-3109 ‘ , Phone 713-464-1511, ext. 2326
= Email: hnadler@ralphbunche ths.edu . - fax 713-365-4881
- o Email: goldberd@sprmg branch isd.tenet.edu
: New York, NY Dlstrlct 6 . A A R
' John Cafarella =~ - . L Sprlngﬂeld MA
Director of Science - o s Diane Puff = o
"t Community School District 6 - Supenvisor of Science
4360 Broadway - o . 195 State Street -
"New York, NY 10033 ' Box 1410 . Ty -

. Phong; ~ 212-795-8032 . 7. Springfield, MA 01102- 1410 oo
Fax; - 212;795-9611 - . Phone: 413L787 7230,

Email:  SyYentz@aol.com ' . Fax: 413 787- 7211 ,
. Worcester, MA'

Pasadena, CA i . Joyce Gleason
Jennifer Yure: ' . " Science Curriculum Liaison
Coordinator K-8 Science v S Worcester Public Schools
 Pasadena Unified School DIS'[rIC'[ a . 20 Irving Street L s
2501 Page Drive N  Worcester, MA 01609 i
Pasadena, CA 91001 ‘ " Phone:  508-799-3592
Phone: . 818-791-8932 © % Fax, 508-799-3367 -
Fax:/  818-791-7434 - o N '

' Email: { -yure@capsi.edu ‘ 2 R \

X e o i . \ .

_ San Francisco, CA~ ' = . ’ v B S
Sandralam o o o
Math-& Science Program Director © L BN «

Cirric. Improvement & PD. Ctr ; ‘ . ‘ :
.2550 25th Avenue . R " : '

- San Franmsco CA94116 . \ ' r
Phone: = 415-759-2950 S ' o
Fax: . 415-759-2903
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The National Science Foundation (\JSF) pr uv1des awards for rcscarch and’ educatxon in
the sclences and ‘engineering’ ! The awa.rdee is wholly resp0n51ble for the conduct of such
: research am‘l preparatlon of the results for pubhcatlon NSF, therefore does not assume .
responSIblllty/ for the research ﬁndlngs or their interpretation. . . ‘,\'
N NSF welcomes proposals\ from all qua.hﬁed scientists and engineers and- strongly )
encourages women, mmontxes and persons w1th dlsabllmes to compete fully i in any of the o

) ‘research-related progra.ms descnbed here. In a.ccordance w1th federal statutes ~regulatlons J

and NSF pohc1es no( person on grounds of race\color age, sex, natxona.l origin, or disability ' A

shall be excluded from part1c1pat10n in, be demed the benefits of orbe sub_}ect to discrimina-’
_tion under any ‘program or actmty rece1v1ng ﬁnancm.l ass1stance from NSF. ; b v . ;
Facmtatlon Awards for Sc1entlsts and Englneers with Dlsablhtxes (FASED) prov1de fund-

lng for spec1al ass1stance or equxpment to endble persons w1th dlsabxhtles (mvesugators and ¢

other staff, mcludmg student research aSSIStants) to work on NSF projects. See the- program !

a.nnouncement or\contact the program coordinator: at (703) 306-1636. - 'L . I ) '

~ NSF has TDD (Telephonic Device for the Deaf) capablhty, whlcl{ enables 1nd1v1dua.ls with™ »

hearmg unpau'ment to communicate w1th NSF about programs employment or géneral infor- / o

mation. To, access NSF TDD dial (703) 306—0090 for the Federal Informatxon Rélay Service -

Q 1~300~s77~3339 L C L e o _
ERIC T e

Aruitoxt provided by Eic
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