l l AR National Institute
'. for Science Education

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

University of Wisconsin- Madlson * National Center for Improving Science Educafion

Workshop Report No. 4

Research on Systemic Reform:
What Have We Learned? What Do We Need to Know?

Synthesis of the Second Annual NISE Forum

Volume 2: Proceedings

William H. Clune, Susan B. Millar, Senta A. Raizen, Norman L. Wehb,
Dianne C. Bowcock, Edward D. Britton, Ramona L. Gunter,
& Ricardo Mesquita

Funded by the
National Science Foundation




National Institute for Science Education (NISE) Publications

The NISE issues papers to facilitate the exchange of ideas among the research and
development community in science, mathematics, engineering, and technology (SMET)
education and leading reformers of SMET education as found in schools, universities,
and professional organizations across the country. The NISE Occasional Papers pro-
vide comment and analysis on current issues in SMET education including SMET inno-
vations and practices. The papers in the NISE Research Monograph series report find-
ings of original research. The NISE Conference and Workshop Reports result from
conferences, forums, and workshops sponsored by the NISE. In addition to these three
publication series, the NISE publishes Briefs on a variety of SMET issues.

The preparation of this paper was was supported by a cooperative agreement between the National
Science Foundation and the University of Wisconsin-Madison (Cooperative Agreement No. RED-
9452971). At UW-Madison, the National Institute for Science Education is housed in the Wisconsin
Center for Education Research and is a collaborative effort of the College of Agricultural and Life
Sciences, the School of Education, the College of Engineering, and the College of Letters and Science.
The collaborative effort is also joined by the National Center for Improving Science Education,
Washington, DC. Any opinions, findings, or conclusions are those of the author and do not necessarily
reflect the view of the supporting agencies.



Workshop Report No. 4

Research on Systemic Reform:
What Have We Learned? What Do We Need to Know?

Synthesis of the Second Annual NISE Forum
Volume 2: Proceedings

William H. Clune, Susan B. Millar, Senta A. Raizen, Norman L. Webb,
Dianne C. Bowcock, Edward D. Britton, Ramona L. Gunter, & Ricardo Mesquita

Nationd Institute for Science Education
University of Wisconsin-Madison

December 1997




The writers wish to acknowledge Andrew C. Porter for his valuable comments on our manuscripts, Sarah
K. A. Pfatteicher for organizing the development of this document during spring 1997, Deborah Stewart
for her skilled copy editing and document management, and Paula A. White and Becky S. Torris for
attending to the many other tasks needed to complete the document.



Contents

Contents Of VolUME ..o N
R‘dme""‘“‘"""""""""'\m-m---ll0!."!!"!0"0'0’0'.'!'!!l.no!llv!!l"'t.tl.nv.'..'.ll!0lll.ll|Iillll‘OIIOIIO."'I"IUOOCCC Vii
Forum Agendaum..--------m‘mmw-.---------------------------.................m-..... nnnnnnnnnn I XTIT) IXIIZTIIIR XN ) IX

Status and Trends of Systemic Reform: Research on Systemic Reform

Pascal D. FOrgione, Jr.sssssssssssssssssssssssssssssssssssssssssssss |
LULNEE S, WITHAMS c.ovveoeesecseesese s sssesss s sessssssssnesssssssssssssasssns 3

What Have We Learned? What Do We Need to Know?

WILHAM H. CIUNE oottt ssssssssssssssaens 5
SUSAN  FUNIMAN vt ssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssans 8
Jane BULIEr KGAle ... rieeeiieceisssscsssssissssssssissssssssssisssssss R 11
UPi TIRISMAN v ssss st ss s sssssssssssssssssssssssssssssssssssssssns 16
Daryl CRUDIR «.oovvvvevvvsssssssssssissssssssssssssss s 21

The Role of Curriculum in Sysemic Reform

ROUGEr W. BYDEE ........oovvvvrrrrrrssssssisiiisisisisssssssssssssssssssssssssssssssssssssssssssssssssss 23
Margaret B. COZZENS vvwrrvrmmsmssmsssmssssssmsssssmsssssssssssssssssssssssssssssssssssssssssses 28
RIChArd  GIEENDEIY ooveeeverrsseevrrrssssessersssssssesssssssssssssssssssssssssssssssssssssssssssssssesses 39
SyIvia T. JONNSON wrrvvveverrrrrrsssssssssssssssmsssssssssssssssssssssssssssns 41
Thomas A. ROMDEIG . 46

The Role of Teaching and Learning in Systemic Reform

ChriStOPhEr DR wwovvvvvessvsssssssssssssssssissssssssssssssssssssssssssssssssssssssssssssnss 50
) 01 TS 52
Susan  LOUCKS-HOISIEY v, 54
Sh"‘ley Malcom v —————— .60
LAUIEN B. RESTICK .ovovevrisiniisissnsissssis s ssssssssssssssssssssssssssssssssssesssssnss .62

The Role of Evauation in Sysemic Reform

TOM B. COMCOMAN worrviisirsiissssssssssssssssss st sssssssssssssssssssins 64
PAUl B, LEMARICU ... seeessesss s sssessessssssssss 69
NOIMAN L. WEDD vt ssssssssssssssssssssssssssssssssssssssssssssssaness 71
IFIS R, WEISS wervvvssvvssssunmssnsesssssssssssssssnsssssssssssssssssssssmssssssssssssssssssssnssssssssssssssses 73

Andrew A. Zucker & Patrick . Shields .75

ey
111



Forum Highlights and Looking Aheed

Cora B. Marrett ....cccovvvvvrrvrrrnnnns
Michael W. Kirst ...ccrennnn,
Larry E. SUEr ...,

Appendixes

A: Current Agencies Involved in Curriculum ImMprovement ...........cnerssines

B: Comprehensve Mathematics Curricula & Funded Projects with Contact Information..

C: Comprehengve Science Curricula.
D: Criteria for Judging SSI Strategies

80
83
87

89

.90
.92

93




Contents of Volume 1

ContentS Of VOIUME 2 ..oviiiiice e v
P I AR 1o Vil
FOTUM  AQENGA ... I

Status and Trends of Systemic Reform: Research on Systemic Reform

Pascal D. Forgione, Jr. ... i 1
Luther S. WITTIAMS ..o 3
An Introduction to the Papers and Think Piece Themes ..., 6

William H. Clune and Norman L. Webb

Themes Articulated in Forum Participant Think PIeCeS ..., 13
Susan B. Millar, Dianne C. Bowcock, Ramona L. Gunter, and Ricardo Mesquita

[NEFOTUCKION ottt sbesarsassbasssbssssessnassnnsssnasrasnsssanrare 1O

1. The Definition of Systemic REFOIM ..o, 13
2. Implementation of Systemic REfOrM ... 20
3. Curriculum in the Context of Systemic Reform ..., 34
4. The Critical Value of Evauation of Systemic Reform ..., 0
Concluding  ReMArKS .......ooovvviiiiiiiiii i, 46

Forum Highlights and Looking Ahead

COra B. MAITEL oooeerevvvevesssmmsnsssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssens 47
Michael W. Kirst s, 50
Larry E. SHIET s, 54
Appendixes

A: Demographic Information about Forum Participants ..o, 57

B: Contact Information for Forum ParticipantS ..o, 59




Preface

The god of the Second Annua NISE Forum
was to generate and share knowledge of systemic
reform, including the role of curriculum, the role of
teaching and learning, and the role of evaluation.
To reach this god, pandists from around the nation
shared their expertise in these various areas with
participants who themselves brought  varied
expertise to structured conversations and  network-
ing sessions.

These two volumes are the result of a collabo-
ration among four NISE teams and, more broadly,
of a collaboration among the NISE researchers, the
Forum panelists, NSF saff, and the Forum partici-
pants. The Interacting with Professona Audiences
(IPA) team, Policy Analysis of Systemic Reform
(PASR) team, Strategies for Evauating Systemic
Reform (SESR) team, and Formaive Evauation
(FE) team worked together to design, implement,
and evauate the Forum. The four teams then
collaborated in the writing of Volume 1. The FE
team (Susan Millar, Dianne Bowcock, Ramona
Gunter, and Ricardo Mesquita) analyzed the 483
think pieces written during the Forum and pro-
duced the “Themes Articulated in Forum Partici-
pant Think Pieces” Senta Raizen and Ted Britton
(IPA), William Clune (PASR), and Norman Webb
(SESR) supported the FE team’'s andysis by
framing key themes based on their readings of the
think pieces. William Clune and Norman Webb
drew heavily on the FE team's andyss of the think
pieces as well as the panelists papers in writing
their introduction.

Given the way this document was developed,
readers should view the two volumes as elements
of a conversation through which a better under-
ganding of systemic reform is emerging.

Volume 1. Anayss

e Introduction to the Papersand Think Piece
Themes. In this introductory section,

William Clune and Norman Webb integrate
the other two sections by developing some
of the more compelling points raised by the
paticipants think pieces and the pandlists
contributions.  Willian Clune is Voss-
Bascom Professor of Law at UW-Madison
with research interests in education law
and policy, systemic reform, and adequacy
in school finance. Norman Webb is a
senior research scientist for WCER  with
research interests in mathematics educa
tion, evauation, and assessment.

e ThemesArticulatedin Forum Participant
Think Pieces. During three breakout
sessions, Forum participants were asked to
write “think pieces’ in reaction to the
panelists  remarks. This synthess of the
themes in the think pieces, induding many
quotations from the writers, provides the
reader a window on issues, questions, and
contrasting  viewpoints  about  systemic
reform that the Forum's varied participants
articulated.

Volume 2. Proceedings

e Papers Presented. The ideas, knowledge,
and experience of 24 pandists involved in
implementing, researching, and evauaing
systemic reform appear in this section.

Most of these papers were prepared ahead

of time and digtributed to participants.

Others are transcriptions of the panelists

remarks. (Print and audio versions of

several of these are available on the
TEECH Web Site, http://teech. terc. edu/
modes/papers/systemic_papers.cfm)

Both volumes include papers from the opening

plenary sesson and from the closing plenary
session.
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AGENDA -
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What Have We Learned?
What Do We Need to Know?

Monday February 24

8:30 -10:30 Opening Plenary
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Luther Williams, Marshall Smith

What Have We Learned? What Do We Need to Know?
Bill Clune, Susan Fuhrman, Jane Butler Kahle, Uri Treisman;
Daryl Chubin, discussant
10:30 - 10:45 Break
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What Have We Learned? What Do We Need to Know?
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1:30-3:30  Afternoon Plenary
Senta Raizen, chair

The Role of Curriculum in Systemic Reform
Rodger Bybee, Midge Cozzens, Richard Greenberg,
Sylvia Johnson, Tom Romberg

The Role of Teaching and Learning in Systemic Reform
Chris Dede, LeRoy Lee, Susan Loucks-Horsley, Shirley Malcom,
Lauren Resnick
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Tuesday, February 25

8:30 -9:30  Opening Plenary
Senta Raizen, chair

The Role of Evaluation in Systemic Reform
Bernice Anderson, Tom Corcoran, Paul LeMahieu, Norman Wehb,

Iris Weiss
9:30.9:45 Break
9:45 . 10:45 Breakouts

Evaluation in Systemic Reform; Discussons with Panelists

Monday’s Panelists Rodger Bybee, Jane Butler Kahle, Bill Clune, Chris Dede,
Richard Greenberg, Sylvia Johnson, Lauren Resnick,
Susan Loucks-Horsley, LeRoy Lee, Uri Treisman

Tuesday’s Panelists Bernice Anderson, Iris Weiss, Tom Corcoran, Paul LeMahieu,
Norm Webb

11:00 - 12:30 Closng Plenary
Andy Porter, chair

Forum Highlights and Looking Ahead
Mike Kirst, Cora Marrett;
Larry Suter, discussant




Status and Trends in Systemic Reform:
Research on Systemic Reform

Pascal Forgione, Jr.
Commissioner of Education Statitics,
Department of Education

| bring you gredtings from Acting Deputy
Secretary Marshal “Mike” Smith who redly
wanted to be here this moming. Mike asked me
to reflect briefly on the impact of the Third Inter-
national Mathematics and Science Study
(TIMSS) and what it has done for the character
and quaity of the nationa conversation about
systemic reform. While on the one hand, sys
temic reform is very complex and chalenging, it
is dso very easy to trividize this congruct. It's
easy for people to define what they are doing as
systemic  without actual substance or verification.

Fortunately, TIMSS is not about quick fixes.
In fact, the Grade 8 data-al that's been released
thus far-suggest that there are no smple solu-
tions. TIMSS has provided data to explode three
myths. | hope in June when the Grade 4 data are
out that we confirm these findings. Fird, eghth
graders in the United States have more hours of
ingtruction in science and mathematics than Ger-
man or Japanese students. Despite our shorter
school year, if you take the length of the periods
and the frequency per week a eighth grade com-
pared to Japan and Germany, U.S. students in
Grade 8 have more hours of instruction.

Second, on our questionnaires, American
teachers reported assigning more homework than
their Japanese or German counterparts. And
when we looked a the after-school work, &l of
the work put together, American students do as
much homework as their German and Japanese
counterparts.

Findly, if you take three hours of TV watch-
ing per night as heavy TV watching, as many
Japanese children are heavy TV watchers as chil-
dren in the United States. So these three smple
myths of time, homework, and TV are not what
, it's about.

There are not going to be smple answers.
We'll see whether the next two data sets-Grade

4 in June 1997 and Grade 12 in spring 1998—
confirm these initid findings.

The TIMSS design overtly includes the key
elements emphasized in a notion of systemic re-
form. The study had five mgor components that
utilized a variety of methods to examine the
breadth and the depth of the essentid eements.
Basicaly, one only has to look a the table of
contents of our report. This report tries to give
America a systemic view about achievement,
curriculum, teaching, the lives of our teachers,
and the lives of our students. In fact, the Grade 8
summary report called Pursuing Excellence was
written explicitly to be read on an arplane in one
hour by a businessman. Now remember, this is a
statistical report. It may not appear to be a dtatis-
tica report when you first look at it, because
there are no standard errors, we don't talk about
standard deviations. We tried to write in clear
English about what these findings mean. | can
assure you that every sentence went through a
drict adjudication review process. Everything in
the report is supported by data

Let me highlight for two areas the kinds of
questions that TIMSS is raising for this Nation.
The first is the area of curriculum where Profes-
sor Bill Schmidt has developed very innovative
methodology to look at textbooks and curriculum
of the fifty countries. The kind of questions we
asked in our report under curriculum included:

Who sets the curriculum?
Is the curriculum as focused as in other coun-
tries?
Is it as advanced as in other countries?

. What do we mean by advanced?

« What is the content that redly is advanced a
the eighth-grade level and how much time is
spent in class?



These are the kinds of powerful questions
that we need to engage the Nation on and build
deeper  understanding through the andysis of the
TIMSS database. It will take over a year to roll
out the three populations of TIMSS data, from
November 1996 (Grade 8), through June 1997
(Grade 4), to spring 1998 (Grade 12).

The second area that | want to emphasize is
the innovative work of Professor Jm Stigler who
conducted a three-country classroom video study
of mathematics teaching. This is only Grade 8
mathematics and only in Germany, Japan, and the
United States. It's unfortunate that we were not
able to include Grade 8 science, but this study
was quite an innovation five years ago. This
video study answers the kinds of questions that
we could never answer with questionnaires or
even case studies.

= How do teachers in the three countries teach?

= How do the ingructiond practices differ?

» How do they organize and present their les
sons?

s Wha are the culturd scripts of the lessons?
What is the role of the teacher and the stu-
dent during seat work and then class work?

v Are the students passive or active learners?

» What proportion of class time is spent in
ingructiondly relevant activities? in socid
or housekeeping  activities?

* Are teachers aware of the reform?

Do they think they're doing it and do we see
it?

This video study included a haf nationa
sample in the three countries. We have 81 lessons
of a U.S teacher. We selected the schools;, we
selected the teachers; and we selected the class
period. It's a time warp capturing American
teaching at Grade 8 in mathematics, and we've
never had that before. We also have made avail-
able a CD-ROM and a videotape with six les-
sons, two for each country, from the study. For
example, you are able to look a a Japanese alge-
bra lesson and compare it to an American one. It

dimulates a terrific conversation about quality
teaching.

TIMSS dso taught us to be careful about
drawing conclusons, even with datistical stan-
dards such as reliability. There's a need to con-
tinue to verify and to confirm the data. Let me
give you an example. American teachers, 95% of
them, said they knew the NCTM standards, and
75% of them said they were implementing them.
When we examined the videotapes we found a
focus on conceptua thinking in only 20% of the
lessons. Again, what people cdled high level
mathematics often ended up being the processes
and not the deep mathematics. Thus, we were
cautious in reporting the mathematics question-
nare data because the mathematics video data
did not confirm the claim. In science, we had
very similar data Grade 8 science teachers said
they aso were implementing the standards. We
held off releasing the findings because we were
not able to corroborate the data So we need to be
careful in our survey reporting.

It's dso ironic that in TIMSS we probably
have more information about American curricula,
textbooks, teaching, and indruction than in any
other nationa database. This database is the kind
that we need to build, with rich videos and cur-
ricllum components. It is a limited database in
that it's cross sectiond and not longitudinal, and
it dso doesn't often go to the Student level. But
TIMSS whets our appetite.

I'm pleased to say that Mike Smith, Nea
Lane, director of the Nationa Science Founda
tion, and Ermie Gibbons, the President's advisor
on science, are working with the Domestic Policy
Council to assure cross-agency follow through
and coordingtion. Wouldn't it be wonderful if the
federal government could be systemic about our
patnerships to support the challenging reforms
in science teaching and learning? | think we're
beginning to have the collegial and cooperative
conversations.

Thank you for this opportunity to share with
you a brief overview of the TIMSS findings. |
look forward to being your partner as we move
forward in this exciting work.




Luther S. Williams

Assistant Director for Education and Human Resources,

National Science Foundation

I'm going to make a few comments bearing
on the topic of status and trends of systemic re-
form. They are the end results of observations,
experiences, and thinking about systemic reform
in the context of NSF's programs. | will try to
frame them vis-a-vis your conference. You asked
two very important questions about research on
systemic reform: What have we learned? What
do we need to know? The answer to the second
Question is, “Substantid”; it is probably limitless.
About the first question, if by research you mean
a fundamenta exercise informed by some theory
or hypothesis that leads to substantid advance-
ment of the knowledge base, the answer is, “Very
little” | would argue that the size of the knowl-
edge base is one of the chalenges in an
antiquality context to systemic reform. Few stud-
ies, in my judgement, configure to equa re-
search.

There's another observation with respect to
systemic reform: Today, almost every conceiv-
able machination bearing on K-12 education,
and now increasingly higher education, can ac-
commodate itself under the rubric of systemic
reform. That's okay a some level, and tha is in-
tegral to the American culture. But it does make
very chalenging the maintenance of focus on
systemic reform, paticularly of a K-12 system. |
make that observation because systemic reform is
in the context of a system. In the case of NSF's
programs in the K-12 domain focusing only on
science and mathematics, a very powerful lesson
that's been learned over the past severa years is
how exceedingly complex that system is. That
finding of complexity, 1 would submit, is rarely
acknowledged, whether one is taking about a
date or a large urban community. Complexity is
made worse by the fact that systems are highly
fragmented. In effect one is attempting to pro-
mote reform in a system that is elusive and in
some instances presents itself in multiple con-
dructions in red time. The system is aso ex-
ceedingly conflicted--even contradictory-ow-
ing to counter-instance agendas, roles, partici-
pants, and players. Therefore one is attempting to

promote a comprehensive restructuring in a sys
tem that is highly resstant to Unitarian ap-
proaches. That recognition, in my view, from a
research perspective, is one of the most impor-
tant factors that should bear on any research de-
sgn. There is essentidly no fixed Set that defines
the problem that one is going to take up. None-
theless, under the rubric of NSF's and others
programming, substantial progress has been
made in a variety of states and in large urban
communities. My sense is that progress has ob-
tained ingghts that have done a very good job of
controlling for a series of antisystemic or
antiquality forces. | want to spend a few minutes
sharing my lig of those indghts.

One of the most important challenges is to
effect the conversion by process from a unidi-
mensond to a multifaceted approach. All of the
elements of the system are counter to a multifac-
eted approach; the system seeks to devolve to a
unidimensiona congdtruction.

The second issue that has to be overcome is
concerned with a very chalenging nonlinear,
very dynamic, ever-changing problem construc-
tion. It is made more difficult if emphass is
given to mathematics and science learning as op-
posed to educational processes. That is a very
important digtinction.

Third, systems that have made substantial
progress have been very explicit and have almost
glevated to a mandatory level the required infra
structure that is needed for mathematics and sci-
ence leaning. Pat Forgione aluded to part of this
in taking about one dimenson of one of the vari-
ables that equa this very, very complicated con-
struction. Let me extend that further. All of the
research he discussed has to do with eighth-grade
mathematics, but his question is, “At the end of
the day, what is the value of the take home? One
knows nothing about eighth-grade science; one
knows nothing about the K-7 enterprise that ac-
tualy informed mathematics learning. Unless
one thinks eighth-grade mathematics is the end
point, it is comparatively inconsequentid relaive
to the rest of the sequence. I'm trying t0 empha-




Size the vast domain about which one does not
have comparable findings. We need to make the
trangtion to emphass on science learning in the
context of the total system.

The fourth factor that has been very impor-
tant where progress has been made is having in-
dividuls who operate from the context of a
theory of reform, a least for their urban school
digtrict or their state. The reform was not haphaz-
adly deposited in a series of machinations in a
system without some reference to why, in fact,
oneisengaging in an explicit set of activities
What is the chronology in which one engages in
those activities? What are the goals? What are
the road maps? What are the strategies associated
with those? Wha kind of formaive evauation is
conducted in order to make early adjustments,
and what outputs are vaued? Is it the orderly
progression year by year through the system, or
is it the definitive outputs associated with science
learning?

Progress has aso been made in systems
where there has been substantia attention to ef-
forts to manage the role of others, including the
federd government, which is not unitary inits
contributions to standard mathematics and ci-
ence education. How does one reconcile al of
the conflicting inputs that bear on systems from
Washington  through funding and through other
machinations? Similarly, state apparatus is an en-
tity that requires some accommodati on-witness
the difference among the goas for learning in the
variety of nationa or dtate assessment systems
that are present across the states. What do they
communicate  differentially about the reasonable
outcomes?

Another factor is higher education. Science
and mathematics reform is criticaly dependant
on the contributions from the higher education
community. But there is one matter on which |
would argue some thoughtful consderation, if
not apprehension, needs to obtain. The sugges-
tion that higher education as a domain is an ex-
emplar of successful conclusion of reform or re
structuring requires one to engage in a supreme
fiction. There ae enormous contributions to be
had from the higher education community. (It is
mostly scientific and technica expertise) It is
not a sector that schools should turn to for under-

standing school systems. In contrast, some school
digtricts have done a very good job of working
out arangements with the business sector. That
sector actualy does have experience in this arena
of systemic reform or restructuring. The business
sector has taken on very chalenging multifaceted
problems and made progress. So there's a lot to
be learned from that sector. | would argue that
school systems that have made great progress be-
yond having very productive relaionships with
the business sector have forged very excellent
relationships with a variety of community-based
organizations that have been able to bring to bear
an advocacy that is not found in other sectors.
They've aso catalyzed parents and employed
them in the support of their efforts.

Successful Sites also recognize that they're
working in a very complicated, multifaceted,
ever-changing, nonlinear system. Ealy on, these
sites included “dtrategies for innovation replica
tion” to develop some sense of how to scale up.
Stringency is brought to documenting, communi-
cating, and securing gains, so that they in effect
become demongtrable nodes toward reform. One
can continue to build on them and try to drive the
system toward greater educationd, financia, and
intellectual  economies while becoming more so-
phigticated in promoting reform. Many dtates re-
Quire doing that in a sysemwide fashion, con-
verting a variety of resources whether in higher
education, dtate departments of education, or
school systems. In other words, al of these ele-
ments about which I've spoken have been config-
ured in a system that is supporting an agenda
that, if not unitary, has been reduced beyond its
neturd limits of replication.

There is a chalenging research agenda trans-
forming what we should learn. Some of the sites
(maybe al of them in contrast, because they've
had very different experiences) represent excel-
lent source materidls for mounting the research,
not only in terms of documenting reform in
progress, but dso in trying to identify in a multi-
faceted domain the fmite number of overarching
and control elements that are crucia. We redly
don't know that number. An exceedingly impor-
tant and timely contribution from research would
explicate within an undefined set of variables the
minimum st that’ sredlly crudid to driving re-



form, leaving aside the variaion that one finds
from sysem to system.

Again, | acknowledge the very important
work you do and very much urge you to take up
these matters under your research agenda. But |

would suggest you do that with deliberateness

and near exclusion of the ever present and well
understood, which is of little value. The impor-
tant research to be done is that which 95% of us
do not aready purport to understand.

What Have We Learned? What Do We Need to Know?

William H. Clune

Policy Analysis of Systemic Reform, NISE Team Leader

University of  Wisconsin-Madison

The research of the Policy Team of the NISE
has concentrated in three areas. implementation
of systemic reform, implementation of the na
tiond dandards, and equity. | would like to re-
port findings and key research questions in each
area and then turn to what we are learning about
the links between systemic reform and student
outcomes and the implications for policy and re-
search.

The Knapp Synthesis of Research on Imple-
mentation of Systemic Reform

widespread planning

incremental  change in the classroom
absence of broad and deep systemic change
key knowledge gap: dtrategies leading to
wholesale v. selective curriculum replace-
ment

On the first topic of implementation, we
commissioned a paper by Michae Knapp that he
entitted “Between Systemic Reforms and the
Mathematics and Science Classroom.” This pa
per synthesized research not only on NSF's Sys
temic Initiatives but other systemic reforms such
as in Michigan and Cdifornia. The paper found
that systemic reform had stimulated widespread
planning and discussion, in other words had be-
come a major presence on the policy landscape,
but had produced only incrementa change in the
classroom, that is, an absence of broad and deep
or systemic change. The key research question is,
Which strategies lead to wholesale as opposed to

selective curriculum replacement? By curriculum
replacement | mean the implemented curriculum,
as actualy taught in schools.

Findings on the National Standards and Local
Implementation

= Jage “grain size” unguided local  discretion

= tenson between problem solving and formal
anaysis

= confuson over “deep understanding” and
“habits of mind”

= political controversy over content and conse-
quences

= key knowledge gap: dternative packages of
curricula, materials, assessments, develop-
ment, technology that

— fit the dtandards and aternative educational
gods and philosophies

— draw on knowledge in NSF Systemic Initia-
tives, TIMSS

The fmdings on local implementation, or
implementability, of the nationd standards were
complementary. The standards are very genera
and comprehensive, which alows localities and
textbook writers to clam compliance without
making much rea change. There is a tenson be
tween congructivistss who emphasize problem
solving and traditionalists who prefer formal
analysis. There is red confuson about how to
define deep understanding of the subject matters
and so-called habits of mind, as well as politica
controversy over content and consequences, such



as for the traditiond group of college-bound stu-
dents. A key knowledge gap is the availability of
packages of curricula, assessments, teacher de-
velopment materids, and technology (such as
interactive learning) that fit the standards, as well
as dternative educationd goas and philosophies,
including both college prep and vocationa goals.
In other words, it looks like some of the disputes
cannot be resolved by consensus but instead will
require the design of highly developed curricular
options. Relevant knowledge of this kind exists
within NSF and many Systemic Initiatives but
has not been pulled together adequately and con-
nected with systemic reform.

The Case of the Virginia Standards and the
Importance of Nonpoliticized Review

quaity should be recognized

without blocking legitimate options

without ignoring implementation in symboalic
politics

It is important that we do serious qudity re-
views of the entire chain of developing and
implementing  standards, as illustrated by the
politics now surrounding the Virginia standards.
If these standards are indeed of high qudity and
are agppropriate for certain educationd goas and
philosophies, that concluson should be firmly
etablished and widely publicized by indepen-
dent researchers. On the other hand, if aternative
models are needed, those, too, should receive ap-
propriate support. And there is an important issue
beyond disputes over competing goas and phi-
losophies, because politicization can present dan-
gers for any kind of standards-based reform. If a
particular st of standards is not appropriate for
al educationd goas and philosophies, a political
“victory” for one group may be costly to many
students, and symbolic politics over standards
may actually prevent us from even looking a any
red development of the implemented curriculum
and teacher capacity.

We should not have expected that the search
for “universa high sandards’ or “hard stuff for

al kids" would be easy, but neither should we
leave this centrd quegtion to politics. Perhaps
international  comparisons, such as TIMSS, can
shed some light on options for implementing uni-
versdly high standards.

Findings on Equity

s ehnic/gender subgroups differ in  outcomes

« mixed evidence on equdization through
course  taking

+ controversy over equity and academic
COUrses

« controversy over how to measure the gap and
expand access

- controversy over indicators as gatekeepers

« key research question: high standards,
greater access

We had two papers on educational outcomes
in mathematics and science by race and gender,
written by Bill Tate and Alberto Rodriguez.
These updated and refined similar work done in
the past. They found many substantia differ-
ences across subgroups of race, ethnicity, and
gender and mixed evidence for the proposition
that smilar course taking will produce smilar
results. Equivalent courses narrow the achieve-
ment gap but don't eiminate it and are not avail-
able to many students. Clearly, the effort to mea
sure and report on gaps in equity yields valuable
information.

But we aso encountered serious debates
about equity indicators. One is whether we
should gtick with college preparatory courses, or
whether less academic courses are also needed
for more equity. This debate appears to be occur-
ring in the fidd through a conflict of contending
forces, rather than through rationd design and
options. A related debate is whether the student
assessments used to measure achievement gaps
are the correct measure of equity and especialy
the correct criteria for selective admissions.
Thus, the key research question is how to smul-
taneoudy raise standards and broaden educa
tional  access.



The Need for Theory Linking Process and
Outcomes (what we need to know from re-
search on systemic reform)

» outcomes are changed by process
vaue of theory shown in example of course
taking and achievement

Across al three areas, we need a better
theory linking the process of systemic reform, or
policies, with outcomes. Theories that link pro-
cess and outcomes in education, or any area of
socid science, are valuable and rare. It took a
long time, for example, to establish the connec-
tion between course taking and achievement to
the point that we now consider course taking an

intermediate outcome, as much as a process vari-
able.

Key Process Components of Successful Sys-
temic Reform

A change strategy controlling

local politics, resources, and administration
content and  pedagogy

school  improvement

» public acceptance

longitudind data on curriculum and achieve-
ment

If we look across sites atempting systemic
reform, the more successful sites have a change
Strategy involving control over (and through) the
power dtructure, curriculum and teacher develop-
ment, school improvement, public acceptance,
and data on incrementd changes in curriculum
and  achievement.

Critical Flaws in Real Change Strategies

» politicd, ideologicd, racid conflict

® politica vison without pedagogicd ddivery

- school improvement without scaling up
external  accountability without internal  com-
mitment

« public regection of professond agendas
lack of resources, limits of volunteerism

»  absence of planned sequence of classroom
change

On the other hand, unsuccessful Sites have
one or more of a familiar list of flaws: lack of
politica integration and will, palitica vison
without a pedagogica delivery structure, school
improvement or teacher enhancement projects
with no redigtic dtrategy for scding up, externd
accountability or technicd assistance without in-
ternd  buy-in, unmanageable public  controversy,
perhaps over a previoudy low-profile profes-
sonal agenda, lack of resources and the limits of
volunteerism, and the absence of a planned dtrat-
egy for incremental change in schools and class
rooms.

Implications for Research and Systemic Initia-
tives

v claifying the profiles of successful process,
eg. policy plus delivery, networks plus scal-
ing up
setting initial conditions and incentives
matching resources to vison: no “moonshots
on a shoestring”
cost-effectiveness of partially successful  sys-
temic  reforms?

»  research question: enough real success for
the cost?
skepticism plus sengtivity to smdl variaions

If the conditions for successful systemic re-
form are redly much more stringent than previ-
oudy suspected, what are the implications for
any policy seeking to expand the scope of such
initiatives? First, the profile of success would
need to be clarified, so that Stes could decide
whether the necessary elements were in place.
Redligtically, there probably would be severd
profiles, such as policy plus delivery and net-
works plus scaling up.

These profiles would have to be trandated
into initia conditions for participation, but if we
want anyone to accept the conditions, the incen-
tives for participation should match the intensty
of the commitment. If we expect that a full-scale
systemic reform will be built from scratch, seri-



ous dtention should be given to the resources
that could support this kind of effort, instead of
expecting a “moonshot on a shoestring.”

Perhaps the mogt interesting bottom-line
policy question is the codt-effectiveness of par-
tidly successful systemic reforms. Suppose that
nothing like full-scae sysemic change will be
produced, in the sense of wholesde replacement
of the curriculum and subgtantial gainsin
achievement for al children. But adso suppose
sgnificant progress in both process and out-
comes, namely, that a system has been built that
is capable of producing continuous improvement
in curriculum and ingtruction with assurances of
socidly vauable change in curriculum and
achievement. Then suppose that the initid invest-
ment is not very large, as is usudly the case in
Systemic  Initiatives.

The dtuation represents falure of systemic
reform in the large sense, but success of a
systemic-type reform as judged by
cost-effectiveness.  The key research question
would be when there are enough pieces of a com-
plete reform to produce some significant results

SQsan Fuhrman

a a relatively modest codt, in other words, when
a reform crosses some as yet undetermined
threshold of  codt-effectiveness.

Nothing is more common in policy than am-
bitious rebuilding projects being scded down to
modest home improvements (except perhaps for
complete failure), and we should not lose sight of
the broader objectives, because they do appear
feasible in some places. On the other hand, |
know of nothing in policy that should prevent us
from accepting cost-effective policies, especialy
in this vital area of socid policy. Some commen-
tators suggest that systemic change is aways
long-term, and progress is recognizable from the
constant vector of change over time and across
inditutiona locations, rather than from any
rapid, wholesde transformation. At base, it is
the old question of the haf-full or haf-empty
glass, with the key quedtions being just how
half-full and what is the cost of the drink. An-
swering those questions will require a kind of
research that is appropriately skeptica of opti-
midtic dams yet sendtive to the importance of
small, but important, variaions in actud perfor-
mance.

Director, Consortium for Policy Research in Education

University of Pennsylvania

My remarks focus primarily on the process
of standards-based systemic reform. | trust that
other speakers will address the accumulating evi-
dence on the effects of these reforms. For ex-
ample, we know that many teachers are at least
aware of new policy directives and are favorably
disposed toward them. In some schools and dis
tricts, important changes in teacher practice, such
as increased use of real books and stories instead
of basa texts and more hands-on activities in sci-
ence, have been noted. CPRE researchers saw
postive effects on 4,800 students in trangtion
high school mathematics courses linked to ambi-
tious NCTM-like dandards. Students in
Cdifornids Math A courses and New York's
Stretch Regents courses were much more likely
than general-track students to complete a mini-
mal  college-preparatory sequence by the end of

high school. And students in trangitiona math-
ematics classes posted better achievement test
scores than students in generd mathematics (-
though they diill lagged behind Students in col-
lege-preparatory mathematics classes). We are
ds finding that professonad development di-
rectly linked to the course content has contrib-
uted to changes in practice and improved student
achievement.

My choice to focus on the process of enact-
ing and implementing standards-based reforms
reflects my background in politicd science, but it
is dso appropriate to the current state of reform
development. The reforms are not yet in place in
most states and digtricts; they are il under de-
velopment. Their dory is ill being written. Fur-
ther, many of the most important challenges fac-
ing reformers, as well as lessons about the



progress of these reforms, concern the difficulties
associated with the reform process and politics.

| will focus on seven lessons about the
progress of standards-based reform. | draw pri-
marily on CPRE research in nine states (CA, CT,
FL, GA, KY, MN, NJ, SC, TX) and 25 digtricts
between 1990 and 1995 (Massdl, Kirdt, &
Hoppe,  1997).

1. Standards-based reforms continue to make
progress, despite changes in leadership and po-
litical turbulence. Although there was opposition
to the reforms in each of our dtates, paticularly
in the 1994-95 period, they were not dismantled.
Despite the voca, and often virulent, objections
of religious conservatives who asserted that stan-
dards interfered with the prerogatives of families
and of antigovernmental forces who saw stan-
dards as infringements on the authority of local
schools, standards  development  continued.  In
well-establisned  American tradition, new re-
forms, such as charter schools, were developed to
respond to those who advocated devolution, and
they were simply added to the books while stan-
dards reforms continued to be developed and
implemented.  Politicdl rhetoric focused on the
newer reforms, while under the surface, and
more quietly than when they were origindly
championed, standards documents, new assess-
ments. and related policies were promulgated and
the dow process of classroom implementation
began. Standards policies were modified in re-
sponse to opposition, as noted below, but the idea
of standards-based reform continued to be robust.

2. Much of the continuing momentum behind
standards-based reforms can be traced to the ac-
tivity of nongovernmenta forces. Professiond
asociations, networks, and  collaborations, some
nationd and some state-specific, were important
sources of support and expertise. For example,
standards developers a both state and district
levels drew on nationa documents and examples
from other otates. Sometimes nongovernmental
organizations provided revenues. This is the case
in eght districts undertaking standards-based re-
forms with the help of the Pew Chaitable Trudts.
Certainly, the associations and partnerships en-
hanced the legitimacy of standards-based re-
forms. Mogt nationd or regiond gatherings of
education policymakers became occasions to

highlight the record of dtates and digtricts consid-
ered “in the lead” in these reforms and to draw
implications from their experiences. These mest-
ings, and the diversity of groups-from unionsto
business |eaders-supporting standards-based
reforms, were very reinforcing.

3. The federa government was an important
source of support. Goals 2000 funds were useful
in many dates, particularly for subsidizing pro-
fessiond development. The standards framework
of the Improving America's Schools Act ap-
peared to lend greater legitimacy to dtate efforts,
but it was just taking shape when we were last in
the field. We have plans to examine its influence
over time. In the context of this Forum, the criti-
ca contributions of the National Science
Foundation's Statewide Systemic Initiatives must
be noted. The SSIs in seven of our nine states
(CA, CT, FL, GA, KY, NJ and TX) were respon-
sible for developing the mathematics and science
standards. And the SSI can sometimes be cred-
ited with giving dtandards reforms an essentia
boost. For example, Georgias subject-matter re-
visions in most areas had been staled for years,
but thanks to the SSI, work in mathematics and
science  progressed.

4. Tha support for standards reforms came
from many sources was essentid for its political
survivd, but the very diversty of supporters
made achieving coherent direction for education
more difficult. Standards were supposed to rep-
resent agreement on what students should know
and be able to do, but the many sources of stan-
dards-national  associations, loca and dtate de-
velopment committees, new specifications devel-
oped by test publishersfrequently varied in in-
gructiond vision. Policymakers and  educators
ae drawing on multiple sources in developing
ther own versons of dandards, and an important
topic for future research is the coherence of the
resulting products. For example, contrary to the
fears of conservative critics, loca educators were
not circumscribed by state standards. In most
cases, they used state frameworks as only one
source of their own standards and found dState
standards too vague to be realy useful. They de-
veloped their own frameworks, using many ex-
amples and models.



5. An additiona reason to worry about the
coherence of emerging standards documents is
the trend toward adding “‘the basics’ back into
date standards. Part of the politicd and public
opposition to standards centered on the new-
fangled notions of learning and pedagogy incor-
porated in early standards documents. The new
approaches seemed to threaten traditional skills
and common-sense notions of what school was
about-reading, writing, arithmetic, spelling, etc.
To respond, many states sought more “balance”
in their frameworks, for example, by incorporat-
ing phonics into language arts standards that pre-
vioudy had a whole language orientation. Simi-
larly, emerging state assessments were modified
to add multiple-choice items back in and to in-
clude norm-referenced as well as criterion-refer-
enced components. Will “balance’ mean more
thoughtful integrations of approaches or simple
aggregations, with traditiona practices on one
page and new ideas on another? Future research
should attend to this question.

6. Ealy on in the standards reform move-
ment, it became clear that the work of standards-
based reform is extremely demanding. The idea
of making change in virtualy every aspect of
policy-curriculum, assessment, teacher prepara:
tion, professona development-not just a once
but in a coordinated fashion so they al linked to
standards, represented a huge chalenge to a po-
litical system that was expert in incrementa, dis-
jointed change. Over time, the overwhelming de-
mands of standards-based reform have become
even clearer, as has the need to sequence reform
components to make them manageable and fea
sible. Teachers are furious when new assess-
ments come on line before the standards, to
which they are supposedly tied, are developed
and before any curricular materials are available.
They are even angrier when such new assess-
ments are incorporated in accountability systems
that carry consequences. Yet such disconnects in
sequencing are not uncommon at the state and
digtrict level. In the states we sStudied, some that
took more incremental, more step-hy-step ap-
proaches to reform have had less upheava than
some of the previous reform leaders-one reason
may be that the incremental States were able to
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be more deliberate about each step and plan more
carefully about how to bring things on line.

7. The most important factor influencing the
progress of reform development and ultimately
whether standards reforms can support  meaning-
ful changes in teaching and learning is the capac-
ity of the system. Capacity is essential at every
level. States must manage complex processes of
dandards development that balance public and
professonal input, choose or creste assessments
that balance needs for adequate information for
parents and teachers and the desire to model
good ingruction through challenging items, re-
vise licensng systems, support schools and dis-
tricts in curriculum development and profes-
sond development-and this is just some of
what is required. Digtricts must do much of the
samne, focusing on daly support to schools going
about the difficult process of improving ingtruc-
tion. Teachers and administrators must develop
new approaches to teaching and learning, while
frequently managing new Stebased governance
policies and developing ways of relating to one
another and to parents. Parents are expected to
support new, more challenging expectations for
their children, understand and respond to new,
very complex accountability systems, and see
that schools are supported with adequate re-
sources. Everyone needs help.

There are some signs that the need for
greater capacity is recognized. For example,
Connecticut, Florida, and Minnesota were among
the dtates actively revising their teacher certifica
tion processes to support more chalenging vi-
sions of indruction. Many dstates have orches
trated or supported teacher networks that group
teachers by grade level or subject in order to pro-
vide continuing support; some states and digtricts
are facilitating school access to reform designs
and technical assistance.

But capacity-building efforts to date are
dwarfed by the need and undercut by omissions
and contradictions. For example, in our states,
state and local central agencies continue to be
downsized. At the state level, a number of agency
budgets were cut by about 25% during this pe-
riod, coming on top of earlier cuts during the
1980s. Little has been done to see to the quality



of professond development avalable to teach-
es. The prevailing mode is to push money down
to the school or didtrict (that is, where the dtate is
making a new investment in professiona devel-
opment a dl) assuming that demand for profes-
sional development will be generaied by new
standards and assessments and that the demand
will in turn generate supply. This turns out to be
true; suppliers do show up. But much of wha is
avalable is of very low qudity, and few places
have tried to develop criteria to guide selection
of professond development providers or to edu-
cate consumers about good choices. And, finaly,
a crying need is for curriculum and materids, re-
flecting the standards, that can be used for daly
ingtruction.  Increasingly, teachers themselves are
Questioning the romantic notion that day-to-day
curricula should be developed by collaborative
school or department-level  groups. They have
neither the energy nor the desire to create from
whole cloth when others might have invented

Jane Butler Kahle*
Condit Professor of Science Education
Miami University

Although much has been written about the
nature and policies of systemic reform by
policymakers, those papers provide only a patia
vison of sysemic reform-one from the outsde
in. Less has been written from the field, i.e, from
those who are actively trying to promulgate re-
form either in the classsoom or a the state level.
Even less has been written about changes in
teacher practices and in student learning-yet,
without those changes the reforms eventualy
will wither and fade away. The encompassing
nature of systemic reform provides critical roles
for national and state leaders, for professiona

* The preparation of this paper was sponsored in part
by the National Science Foundation, Grant # OSR-
92500 (J. B. Kahle and K. G. Wilson, Co-Principal
Investigators). The opinions expressed are those of the
author and do not necessarily reflect the position of
NSF.

very usable and good materials. We need better
methods of sharing what is available and more
atention pad to development.

Systemic reform has proven to be both hardy
and difficult. Challenges multiply, but the basic
logic has enormous appeal and staying power. It
is important to act on the lessons we are learning
about the chalenges, for example, by supporting
more extensive efforts to develop and dissemi-
nate excellent curricula. It is aso important to
keep tracking the results. Evidence of postive
effects will be criticd to the reform’s staying
power over time. We must show that the hard
work is worth it.
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groups, and for individual teachers. Experience
with severdl systemic initigtives in one date,
Ohio, forms the bass for the following discus-
son of the chalenges to reform and the changes
needed for success’ My discussion focuses on
the challenges faced by one state’'s efforts, on
evidence of changes in teaching practice and in
student learning, and on the meanings that may
be drawn from that evidence. Specificaly, Ohio's
reform was characterized by the following pa
rameters. It

v (eveloped a regiona infrastructure to sup-
port and sustain reform.

. focused on teacher professiona development
that emphasized content, provided in-depth
experiences in inquiry and problem solving,
and extended over one yea.
targeted middle schools for equity and eco-
nomic  reasons.
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» included substantive involvement of univer-
Sty scientists and  mathematicians.
avoided K-12 curriculum  development.

Four years into the reform, changes in par-
ents perceptions of science, in principas  sup-
port for inquiry ingtruction, in teachers practice
of inquiry, and in students learning of science
were assessed. These findings articulated both
the challenges and changes of the systemic
initiative s efforts.

What Are the Challenges?

The challenges describe five aspects of sys
temic reform that must be addressed and aigned.
Because each one poses risks to a part of the edu-
cation community, varying levels of success have
been reached. However, the lessons learned in
attempting to meet the challenges provide in-
sghts and directions for the future.

Challenge One: Sustained professiona de-
velopment of a validated model can produce a
culture shift in participants, but it is costly and
time intensve. Given a dtate cohort of over 7,500
teachers per grade level, there are neither the hu-
man nor the financial resources to reach more
than a smal fraction of the target audience
within afive-year period.?

Lesson Learned Not only are human and fi-
nancial resources limiting, but the pool of teach-
ers who can, or will, undertake sustained profes
sional development is limited. Teachers who may
be characterized as needing professiona devel-
opment the mogt---ones in poor schools, ones
with genera licenses, ones with few courses in
science or mathematics, ones teaching out of cer-
tification areas, ones who are disenchanted or
disenfranchised-do not readily volunteer for a
rigorous summer of mathematics or science.
Rather, they must be reached in their communi-
ties and schools, the academic program must be
a the level a which they teach science and/or
mathematics, and the materials used must be di-
rectly applicable in ther classsooms and with
their ~ students.

To meet this challenge, research validated
curricula were identified. Next, teachers, who
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had had a least one year of professona develop-
ment, offered loca, 40-hour workshops for their
peers.  Digdtricts  supported  the  teacher-ingtructors
and often required al science or mathematics
teachers at the targeted grade to attend. Ostensi-
bly, the workshops were to help teachers learn to
use standards-based curricula; in reality, much
mathematics and science was learned.

Challenge Two: Any reform has a limited and
unique function. Although it must offer resources
that are not avalable during its lifetime, those
resources eventually must be assimilated into the
ongoing educationd  system.

Lesson Learned At the beginning of the re-
form, both the Systemic Initiative and the Ohio
Department of Education divided the date into
eight professond development regions. Two sets
of centers were established that tested two differ-
ent paradigms for professiona development. The
Systemic Initigtive insisted upon regiond col-
|aboration before identifying and supporting its
regiond centers, which, then, delivered the
six-week inditutes. They were taught by regiona
academic leaders (both outstanding teachers and
Ph.D. scientists and mathematicians) who were
avallable during the school year to assist teachers
in their classes, to work on curriculum teams, and
to provide loca workshops. The Systemic
Initiative's model was successful  beyond
anyone's expectations. The Department’s less
cosly model involved short-term, usually
three-day, workshops with limited classroom
follow-up. The teaching staff rotated, and many
were imported for a few days work. Furthermore,
the selection process for the center was competi-
tive, resulting in antagonism between the units
funded (digtricts, colleges, county offices) and
those passed over.

It was obvious that the two regiona units
needed to merge, and merger has occurred. The
mergers have been dow and fraught with diffi-
culties, for example, how to retain the sustained
professond  development model  within  the
merged regional center. However, systemic re-
form is about taking chances, about building con-
sensus, and about moving ahead with the results.
In a large complex state, regiondization is
needed, and it is better to have one unit than



none, and two units are not sustainable. Further-
more, the merged center is fully assmilated into
the date’s educationd system.

Challenge Three: Systemic Initiatives have
underestimated the difficulty of getting mathema
ticians and scientists-at al levelsto work to-
gether, the difficulty of shifting university faculty
from teaching by lecture to inquiry, as well as the
difficulty in communicating between campuses
and across disciplines. In Ohio, two separate
groups of mathematicians developed mathemat-
ics by inquiry courses, because that process was
more efficient in terms of time than the collabo-
ration necessary to develop one course. Later,
when middle school mathematics and science
teachers were both in inditutes on the same cam-
puses (often in adjacent classrooms), both groups
actively ressted working on integrated units or
comparing  strategies across  disciplines.

Lesson Learned It takes time and effort to
encourage collaboration. Yet, without it, a reform
is only pockets of change, not systemic. There-
fore, the Systemic Initiative instigated collabora
tions with Ohio's three Urban Systemic Initia-
tives and the Appalachian Rurd Systemic Initia
tive. Further, it identified collaborative relation-
ships with Ohio's Mathematics and Science Coa
lition, the Parent Teachers Association, and many
regiond and loca businesses and foundations.

Challenge Four: Although Ohio's Systemic
Initiative focused on individud (or groups of)
teachers, a school is a more viable unit of
change. Teachers need a support system for the
reforms they are initiating in their classrooms. A
school focus aso produces the visibility to attract
externd market-driven resources that may con-
tinue the reform after the funding period.
Changes in a school’s science program or science
department-with documented improvement in
results-is a phenomenon that may be quickly
communicated to parents and policymakers.

Lesson Learned As part of the assessment,
described below, brief site vists were made to 12
schools, primarily in poor urban or rurd aress.
Both the observationd and questionnaire data
gathered suggested that there were greater
changesin learning environments, in teaching

practices, and in student outcomes in schools that
had a criticd mass of reform teachers (up to one-
third of the mathematics/science faculty), com-
pared to schools with only a few teachers, or an
isolated teacher with the sustained professiona
development. A supportive group of teachers is
especialy important because of the high mobility
of principals.?

Systemic or standards-based reform requires
a criticdl and self-sustaining mass of teachers in a
school. The solution was twofold: firdt, digtricts
were requested to require or provide incentives
s that al appropriate teachers would be in-
volved in locd professond development; and,
second, the intensity and depth of the profes-
sional experiences were moderated with caution
and some trepidation. (See Challenge One)

Challenge Five: All initiatives that are sys
temic in nature have important research/develop-
ment and disseminaion/support  roles.
Well-researched and validated professonad de-
velopment packages, such as Physics by Inquiry
(McDermott, Shafer, & Rosenquist, 1996) have
sudtainability independent of the ingtructors.
Such packages can be assimilated very quickly
into existing delivery systems, such as a stae's
regiona centers. Where such packages do not
exist (or lack research validation), the Systemic
Initigtive must take the professiona development
packages through carefully controlled field tests
and refinement activities to document their vaue
and sustainability through research studies.

Lesson Learned There is neither time nor
money to do it al. Ohio has learned two lessons.
Firdt, find and use the expertise of others, and,
second, assess progress and outcomes in order to
refine and improve your efforts. As mentioned
ealier, in the fourth year of the reform, the Sys
temic Initiative undertook a major study to de-
scribe the landscape of science and mathematics
education in the state. The intent of the assess
ment was to tell the reform story in terms of
changes in learning environments, in teaching
practices, and in Student learning. Because of the
focus on equity, the schools selected to gather
student achievement data were in poor urban or
poor rurd didricts.
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What Are the Outcomes?

Four years into the reform, a comprehensive
assessment  of learning  environments;  teaching
practice; principa, teacher, and student attitudes
as well as student learning was undertaken. The
sudy conssted of two levels and involved the
collection of both quantitative and qualitative
data. Level one conssted of a random sample of
126 schools, drawn from dl the schools in the
state that had at least one teacher who had com-
pleted the initiative's professiona training. At
level one, principas and al teachers who taught
dther science or mathematics (grades 5 through
9) completed questionnaires concerning  class-
room indruction, adminigtrative support, and
parent influence as well as issues of school
change. Level two consisted of brief ste vists to
12 (from the origind random sample of 126) se-
lected schools. In those schools, students and
parents aso completed questionnaires, students
completed achievement tests, and principals,
teachers, and randomly selected students and par-
ents were interviewed. At each ste visit school, a
teacher who had had the sustained professiona
development (reform teacher) was maiched with
a teacher who had not had that experience
(nonreform  teacher). In addition, a randomly se-
lected class of the reform teacher was matched
with a comparable class of the matched
nonreform teacher. Changes were identified by
comparing the responses of these matched groups
of teachers and students.

Usng 1990 and 1992 public release items
from the Nationa Assessment of Educationa
Progress (NAEP), science and mathematics
achievement measures were developed by teams
of faculty, teachers, and regiona leaders. Test
items focused on process, not product, because
the reform’s goals were to increase conceptual
understanding as well as skills needed to inter-
pret and use scientific and mathematical informa
tion. In Miller's (1996) discusson of bariers to
systemic reform, he notes that there is often a
disconnect between the practical paradigm of re-
form (focused on process) and the technical para-
digm of education (focused on product). This dis
connect was avoided by developing new achieve-
ment measures. When possible the questionnaires
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for principals, teachers, sStudents, and parents
contained the same questions, phrased appropri-
ately. That strategy allowed comparison of re-
Sponses across groups. For example, did both
teachers and students respond that manipulatives
were used at least once a week? The results indi-
caie that students responded smilarly to their
teachers concerning instruction in reform and
nonreform classes. That is, students in reform
classes significantly more often talked with each
other about the subject, had to support their
clams, and were encouraged to ask questions.
Interestingly, significantly more students and
teachers in reform classes reported that their
principal had learned to accept classroom noise.
When the ways in which Students learn were
examined, interesting and significant differences
were found between reform and nonreform
classes. Students in classes taught by reform
teachers ggnificantly more often wrote about
how they solve problems, solved problems in
smal groups, and used hands-on manipulatives.
Those drategies are recommended both by the
National Science Education Standards (NSES;
Nationa Research Council, 1996) and by the re-
search literature concerning  dSrategies to improve
the participation, attitudes, and achievement lev-
s of girls and minority students. One of the
six-week content courses incorporated the com-
puter as a learning tool; another heavily used
graphing calculators. Further, both the NCTM
standards and NSES ague for the incorporation
of technology into science and mathematics les-
sons (Nationa Council of Teachers of Mathemat-
ics, 1989; NRC, 1996). However, neither practice
with, nor information about, the efficacy of tech-
nology in promoting learning affected the use of
caculators or computers. The lack of appropriate
equipment and software remains a maor cha-
lenge to implementing the reform agenda
Briefly, there were sgnificant differencesin
science achievement in favor of reform classes,
as measured on the Discovery Inquiry Tests. It is
important to note that it was a low-stakes test
(grades were not affected) and that it focused on
a dudent’s ability to interpret information and on
conceptual, not factual, understanding. Because
of the reform’'s focus on equity, the results aso
were examined for any gender, race, and/or



group (reform versus nonreform)  differences.
Those andyses reveded interesting patterns of
achievement; for example, minority students (in
this case, African American) in reform classes
scored sgnificantly higher then their peersin
nonreform classes. In fact, African American sev-
enth and eighth graders in reform classes scored
as well as white students in nonreform classes.
Because the data were collected from reform and
nonreform students taking the same type of class
(eg., genera science, introductory life science)
with a “matched” teacher in the same school,
economic differences were not a maor factor.
Further, in science classes taught by teachers
involved in the systemic reform, both African
American and white females scored higher than
the males in their racid group. In reform classes,
white females, shown by other research to be the
group most socidlized away from science
(Camphell, 1991, Campbell & Connoly, 1987,
Kahle & Damnjanovic, 1996), scored higher than
white males or African American females or
males. When science test scores were subdivided
into physical science and life science items, fe-
maes in classes taught by the reform teachers
scored higher than males on the physica science
items. These fmdings contrast with those of other
studies. Using a large nationd data set (NELS:
88), gender differences have been found in
achievement in physical science, but not in biol-
ogy (Burkham, Lee, & Smerdon, 1995). These
results may be the first time that a gender
achievement gap in physical science, favoring
girls, has been reported. Clearly, the type of
teaching observed and recorded in responses to
student and teacher questionnaires-more use of
manipulatives, more time to tak about science,
more opportunities to write about science, in-
creased use of cooperative learning groups-has
affected achievement, particularly for students
who have been underrepresented in science.

A Further Challenge

Once the data were collected and analyzed,
the chadlenge was to digtribute the findings
widely in an accessble way. Over 10,000 copies
of a smal, easy-to-read publication, the Pocket
Panorama (Kahle & Rogg, 1996), have been dis-

tributed across the state and nation. Because
most dtate departments of education do not have
gther the time or the expertise to perform
large-scle  research and  dissemination  activities,
documentation, vaidation, and dissemination of
change and of best practice provide unique and
important roles for Systemic Initiatives. Such ac-
tivities are criticd for the public' s understanding
and acceptance of systemic reform. Indeed, re-
search and dissemination may be the key roles
for externdly funded reform initiatives within a
state. The finad lesson learned is that research or
assessment  without  dissemination  benefits  only
those who are adready involved in the reform.
Dissemination of findings in practicd and
easy-to-use ways informs others of the
initiative's success and invites them to become
active paticipants in it. Further, assessment,
coupled with wide-spread  dissemination, pro-
vides the basis for successful reform dtrategies to
become sustained through the existing educa
tiond  system.

All parts of a reform must be addressed and
work together if the results are to be systemic.
The challenges in one dtate led to dterations in
its reform drategies, those dterations, in turn,
led to wider paticipation and acceptance of the
reform. Although the changes described in the
assessment  cannot be directly attributed to the
professona  development and support  Strategies
that were part of the reform, the findings suggest
that improved learning is associated with im-
proved prectice that is initiated through sustained
professona development.

Notes

1. Ohio was one of the first ten states to receive Na-
tional Science Foundation funding for a Statewide
Systemic Initiative. Further, Ohio's three cities that
were eligible for Urban Systemic Initiative funds,
Cincinnati, Cleveland, and Columbus, have been
awarded grants. Ohio aso has five counties in the
Appaachian Rurd Systemic Initiative.

2. NSF Systemic Initiative awards are for up to five
years, athough contracts are renewed annualy.
Three of the first cohort of states were terminated
during the five-year cycle.

3. In Ohio, over 50% of principas are in that position
in a particular school for four years or less.
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My purpose in these remarks is to comment
not only on what we, the Dana Center/SSI, have
learned, but also on what we are trying to lean
about systemic reform as it is practiced in Texas
and other large states. | have organized my re-
marks around the first four drivers of systemic
reform as enshrined in the NSF's assessment and
monitoring system for its sysemic initiatives. In
my view, these drivers do in fact capture the es-
sentid dimensions of the Dana Center/SSI’s
work and provide quite a useful framework for
describing the complex of interlocking projects
and initigtives that we have found necessary for
moving the system forward in ways that respect
our fundamenta commitment to equity.

I. Policy

The extent to which state or loca educational
policies affect practice is determined by the na
ture and sharpness of the teeth associated with
them in the relevant accountability system. In
this sense, managing the policy side of systemic
reform can be thought of as a kind of educationa
orthodontics-requiring lots of steady pressure at
just the right place constantly applied. In the
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work in question, generating and maintaining the
required steady pressure requires the develop-
ment and maintenance of relationships with indi-
viduals and groups whose interest in mathematics
and science is quite minor. But more on this later,
in my discussion of public engagement.

It is my observation that in many dtates the
policy focus of the mathematics and science edu-
cation communities has been amost exclusively
on shaping paticular policy documents, i.e, on
seiting the content of state curriculum frame-
works. Too little atention has been paid to the
mechanisms  through which these documents
have their influence-an essentid issue in sys
temic  reform.

In Texas, for example, the processes for suc-
cessfully developing gate curriculum frame-
works and for getting them adopted by a conser-
vative State Board of Education were remarkably
similar for mathematics and science. Unusual
and sometimes unnatural codlitions had to be
built; a broad perspective had to be inculcated in
individuds who are both skilled in and fond of
fighting over arcane and often politicaly mean-
ingless issues. Incentives had to be created for
various leaders to support postions that differed



in minor ways from those of the professiond or-
ganizations that give them authority and specia
influence. Most challenging, of course, was pro-
ductively engaging the opponents of standards-
based reform, who often argued vociferoudy
about the fine details of the proposed curriculum
frameworks but did so in ways that were actualy
intended to shake confidence in public education.

Yet, these now-adopted mathematics and sci-
ence frameworks have very different effects on
practice a the school and digtrict levels. By law,
each condtitutes the legal base of any state ex-
aminations in its subject area. But, herein lies the
crux. While mathematics is tested at many grade
levels, science is tested only a grade eight.
Moreover, state ratings of school performance,
which are widely published and attended to by—
among others-the red edtate indugtry, are influ-
enced heavily by mathematics scores but not at
adl by science scores. The effect is profound.
School adminigtrators spend  heavily to help their
students learn mathematics, they spend no more
than is absolutely necessary on science unless it
IS a specid interest of theirs, their spouse’s, or of
an al-too-rare group of their teachers who are
both science people and effective negotiators.

This unpleasant redlity has consequences for
the kinds of networks one builds, the dtate-level
professonal  development one offers, and so on.
In mathematics, one can count on felt need to
drive action. In science, one dependson argu-
ments about the general good, the future, and so
on-arguments that, in the absence of aclear
threat to the nation's security, are very, very had
to make.

Whereas, in mathematics, the Texas SSI can
support (and find support for) the implementa-
tion on alarge scde of high qudity curricula
such as those developed with NSF support, in
science, the primary challenge is to organize po-
litical support for the incluson of sciencein the
accountability system. In practice, one confronts
a Catch-22 stuation. The legidature will only
move to include science in the accountability
system if it believes that the school system can
meet the challenges it will generate. Few legida
tors want their condtituents schools to face yet
another challenge they cannot overcome. These
same legisiators will only support increases in

funding for science if they fed an overwheming
demand from their condtituents. This demand is
not there because it is not generated by the ac-
countability system. And so on.

In such an environment, the natura but very
long-term dtrategy is capacity building-creating
and supporting the kinds of datewide profes
sional development networks, collaboratives,
ec, that will generate reasonable confidence that
higher standards can indeed be met. Until then,
science standards will serve as a banner and a
god. Mathematics standards will be drivers of
local action.

Ancther and even more important question
centers on equity and the alocation of scarce re-
sources in the educational system. It is widely
assumed in our community-indeed it is the
mantra of systemic reform-that  standards-based
educationa policy is a friend of, if not a prereg-
uisite for, equity. Roughly, the most common ar-
gument for this postion is that explicit standards
demystify the system by making public exactly
what children must know and be able to do in
each curricular domain. In being public, stan-
dards enable the transformation of a system puta
tively based on ability to one that is manifestly
based on effort. The needed catalyst (which, of
course, is rarely present) is adequate resources so
that the playing fidd is gpproximately leve for
al sudents, no matter their family’sfinancid or
educational  resources.

In Texas there is a particular and, in my view,
dl-important feature of the dtate’s educationa
accountability system that may turn out to be a
necessary and sufficient condition for greater eg-
uity to be an outcome of standards-based reform.
Specifically, in Texas, schools and digtricts are
given one of four ratings ranging from “low per-
forming” to “exemplary,” based mostly on stu-
dent performance on state examinations (Texas
Assessment of Academic Skills) whose content is
directly defined by the state curriculum frame-
works. School data are reported for al students
and separately for four subgroups. African
American, Hispanic, White, and Economically
Disadvantaged students. To achieve a given rat-
ing, the scores of every subgroup must exceed a
particular cut-off score, which rises over time on
a predetermined schedule. Sanctions for low per-
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formance include public hearings and possible
takeover by the state. In short, school and district
ratings depend on the success of everybody's
children.

The effects of this rating system in Texas
have been extraordinary and are increasingly
well known. Ten years ago, Texas student perfor-
mance mirrored that of the South-it was abys
mal. Today, the average scale scores of each of
the above mentioned populations on NAEP math-
ematics tests are near or a the top of nationa
rankings. Indeed, on NAEP Grade 4 Mathematics
scores, Texas istied for sixth place-only
dightly behind Maine, Minnesota, Connecticut,
Wisconsin, and North Dakota. Texas fourth-
grade scores now exceed those of such tradition-
dly high performing states as New Jersey, Mon-
tana, Michigan, Colorado, Vermont, and Utah.
Amazing. The mechanism of action is clear and
easly visible from the ground floor where |
spend most of my days. Today, building adminis-
trators in Texas are far more likely than in the
past to direct their resources to supporting high
achievement among groups of students who they
believe might endanger their school accountabil-
ity ratings. The focus on mathematics (dtill the
dominant reason for low school ratings) dtartles
vigtors from out of state. Indeed, this feature of
the Texas accountability system, in concert with
the recent changes in the Improving America’s
Schools Act, has set a new benchmark for the
speed at which a large dtate’s performance data
can change.

In systems in which school ratings depend on
average (nondisaggregated) scores, the natural
drategy for a building administrator would likely
be to direct resources to those children whom he
or she believes can be most easily educated. This
strategy would keep the performance gap among
gthnic groups large and might increase it. Indeed,
Texas is one of the few states where differences
in performance in mathematics among ethnic
groups is decressing-at least a the K-8 levels,
where the accountability system is strongest.

In short, there is no evidence tha standards-
based accountability by itself is a friend of eg-
uity. There must be sgnificant incentives for ad-
dressing equity, but unless there are explicit and
substantive consequences for not educating to
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high levels everybody's children, unless the parts
of the accountability system that deal with equity
have teeth, it will continue to be minorities who
ae underserved by the educational system.

[I. Curriculum and Instruction

Perhaps the greatest surprise to emerge from
our work in the Texas SSI has come from our re-
search on effective school responses to our high-
stakes standards-based accountability system.  We
have now gudied quite carefully 26 high pov-
erty/high  minority elementary schools whose  stu-
dents score well above the state average at every
grade level on state examinations in both math-
ematics and reading. These are schools whose
performance profiles are similar to those of typi-
ca schools in the wedlthiest suburbs of Texas.
We have adso studied the 13 Texas high schools
in Title | feeder patterns, i.e, in high poverty
communities, with the highest average scores on
the date's End-of-Course Algebra examination.

Wha did we find? First, we found enormous
variaions both in how schools organized them-
selves to succeed and in the particular curriculum
and indructional approaches they adopted. Yes,
some of the high-performing high schools use
Saxon's Algebra. Others use books that would
make any NCTM leader happy. At the elemen-
tary level, we found as many examples of schools
that espoused direct ingtruction/explicit phonics-
based approaches as we did schools that identi-
fied themselves with “congtructivist” approaches.
The eclectic pragmatism of these schools im-
pressed us. The teachers were clearly more com-
mitted to nurturing <udents than to climbing on
bandwagons.

It is, of course, one thing to espouse or to
identify with a philosophy and quite another to
actudly practice it. In so many cases we ob-
served mathematics teachers supplementing  their
textbooks in ways that compensated for per-
celved limitations. | took some pleasure in ob-
serving “Saxon” teachers assigning worksheets
of interesting and challenging problems to pre-
pare their students to do well on state and AP ex-
aminations. | aso observed in several schools
UCSMP (University of Chicago School Math-
ematics Project) teachers supplementing their



texts with dtructured drill and practice. Good
teachers in both settings had a findy tuned ap-
precigtion for the value of many instructiona
strategies.

Second, we were impressed by the quaity of
school leadership and its ability to focus instruc-
tiond aff energy on achieving performance.
School leadership created the conditions that a-
lowed teachers to organize themselves to help
students master challenging materia. 1t is true
that the school staff had “high expectations” but
these expectations were as much for their own
practice as for thelr students achievement.
Teachers high expectations were manifested in
carefully thought out procedures for proactively
addressing problems and in their readiness to
take whatever steps were necessary to ensure
each student’s success.

Good administrators  facilitated  effective
teacher organization by conveying to their teach-
ing daffs the belief that collaboration would be
respected and built upon. Their teachers knew
that a cetain amount of time working together on
curricular  aignment and other curricular, school,
or Student problems would help them achieve
thelr individua teaching goas. They knew that
collaboration would yield identifiable benefits
for themselves and for their Students. In schools
with weak administration, teachers responded
rationdly. They knew that little could come of
cooperative work and, thus, they retreated to
their individual classsooms where, a least, they
had  control.

If a particular curriculum choice mattered in
these effective schools, they mattered in that the
choice made supported a coherent school culture
that reflected certain ambient community values.
The choices were not controversid ones in the
context of the community setting of the school.
Indeed, the school leadership understood that ef-
fective ingruction depended on minimizing the
distance between school and home.

The recognition that there are many ways for
schools to help thelr students master the chal-
lenging content defined in the dtate's curriculum
frameworks has alowed us to build extremely
grong and diverse codlitions in support of the
state’s  standards-based  accountability system. It
has alowed us to avoid unnecessary fights with

commercia interests. We trust that ratcheting up
content standards and leaving them unfettered by
pedagogical theories will produce incremental
improvements both in wha is taught and in what
is learned. We suggest that it is this approach
whose effects are reflected in Texas's current
NAEP  scores.

My experience in managing Systemic reform
has led me to believe that those who devote their
time to determining whether or not digtrict X's
curriculum is more congructivist than digtrict Y's
ae not helping us. Even more dangerous are
those who advocate for extreme forms of perfor-
mance assessment as part of the state's account-
ability system, despite the fact that there is a zero
probability that such assessments would survive
legdl or political chalenges. | am suggesting that
some in the “reform” community seem more
committed to congtructivism than they are to eg-
uity. These individuals need to reflect on their
goas. We can mobilize a broad codlition in sup-
port of educating everyone's children to high
standards. We cannot build a strong codition in
support of congtructivism or any educationa phi-
losophy. The rhetoric of “more congtructivist
than thou” must end.

This is not to say that the adoption of high-
quaity curriculum a la NSF cannot lead to great
improvements in student learning. In our efforts
to implement the Connected Mathematics Project
in Texas districts, we have seen impressive gains
in student test scores on many kinds of tests in
dozens of schools. What must be said, however,
is that these schools chose CMP and that they
recdve very high levels of sophisticated outside
support. Time will tell whether the changes these
schools are making can be sustained when con-
centrated external  support vanishes and when
teacher mobility and retirements bring growing
numbers of new teachers into these schools.

[11. The Convergence of Resources

Systemic reform depends on the adoption of
state policies that (1) direct the atention of a
system’s decision makers to what is deemed im-
portant and (2) define the incentives and disin-
centives that shape the priorities of these deci-
sion makers. But good policy is not in and of it-
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self enough to bring about change in a system as
complex as education. One must also create
mechanisms for directing and focusing the
system’s resources, financid and human, in ways
that reflect that system's new priorities. This is
the heart of the NSF driver concerned with the
convergence Of  resources.

One might think that this focusing task
would be easier if the agent of systemic reform
were located within the bureaucracy that is the
target of reform. These bureaucracies do have, at
least in theory, some discretion in how money is
spent and how professonds are deployed. And,
indeed, many school districts and state education
agencies are the recipients of NSF support to
lead systemic reform in ther regions.

| suggest, rather, the counterintuitive notion
that certain entities outsde the forma education
system may in fact be better positioned than
those within the forma system to shape the dis-
tribution and dlocation of resources. Moreover, |
assert that this will be paticularly true in periods
of sgnificant political change such as our nation
experienced in the mid-1990s. Changes in who
controls resources may alow policy and reform
entrepreneurs to gain significant, if not effective,
control of these resources. Changes in the scope
and respongbilities of governing bodies may d-
low reformers to form new aliances that would
be difficult to establish in times of status quo.

In Texas, for example, the downsizing of the
state education agency and the decentraization
of many functions of state government created
ided conditions for the Dana Center/SSI. The
SSI was able to take over the management of
criticll state programs and to successfully win
grants and contracts to provide technicd asss
tance to state and federal programs that have a
collective budget of over $2 hillion. In particular,
the Dana Center/SSI now manages, with various
patners, the date's Internet system for schoals,
the Federa Region Eight (Texas) Comprehensive
Assstance Center for Elementary and Secondary
Education Act Programs, the Head Start Collabo-
rative, the McKinney Homeless Education Pro-
gram, the Discretionary Eisenhower Program for
Mathematics, and other programs that shape the
way schools use categoricad funds and support
access and curricular  improvement  goals.

20

The co-location of these technica assistance
Support  structures in one organization outside the
forma K-12 education system has alowed a
blending and focusing of resources unlike any in
the state's history. The effects of this arrange-
ment on mathematics performance are, of course,
hard to nall down exactly, but a rough estimate
can be made by examining student performance
on state and NAEP reading and mathematics ex-
aminations. The improvement of reading scores
in Texas has been a major priority of the gover-
nor and of many civic and business leaders and
leadership groups. And a thousand flowers have
bloomed.

Of specid interest is the fact that the Texas
accountability system puts on schools the same
pressure to strengthen reading ingtruction as it
does to strengthen mathematics ingtruction.
There is now a plethora of well-funded state-
levd and locd literacy initiatives with very little
coordination among them. Yet, while reading
scores in Texas have risen significantly, the gains
do not approach those in mathematics. The dif-
ference in gains in reading and mathematics
scores should be a rough approximation of the
focusing srength and power of the SSI lens.

The above suggests that it would be useful to
sudy the differentid effectiveness of Statewide
Systemic Initiatives located outside the forma K-
12 system, such as those in Texas, Connecticut,
Louisiana, Puerto Rico-as well as Urban Sys
temic Initiatives, such asthe one in El Paso-and
those within the system, i.e, where the digtrict or
state agency is the fiscal agent.

One more issue of specia importance to both
researchers and funders is that of scde in sys-
temic reform. In some states, no teacher is more
than three hours away by car from the SSI head-
Quarters. But, das, in Texas, there are schools
that are more than twelve travel hours away from
my office; London, England, is only eleven hours
away. In smal dtates, local leadership develop-
ment may suffice for shaping resource alocation.
In large states, one needs more complex plans
that focus dtrategically on the intermediate agen-
cies within the dtate system. Those interested in
this issue should read our various progress re-
ports to the NSF.



IV. Public Engagement

A systemic approach to thinking about the
mobilization of public support for educationd
improvement requires a careful anaysis of ex-
actly which publics one needs as dlies to accom-
plish one's goas. Then, of course, the chalenge
is to figure out just how to mobilize and support
those publics that will ultimately congtitute your
authority in the public sphere. Again, | refer
those interested in these matters to our reports to
the NSF. | do, however, want to make to two spe-
cid points.

Firg, the mogt criticd public constituency
for reform is the community of professona edu-
cators. Teachers and administrators in their ev-
eryday lives as citizens and as individuals speak
with authority to their neighbors about the condi-
tions and redlities of public education. How often
important legidation has faled because educa
tiond leaders have faled to involve and organize
classroom  teachers, ades, building administra-
tors, and other educators to support change.
Properly Stuated systemic initiatives can play a
role that the forma system cannot play for itself

Daryl Chubin*

without appearing self-serving. The use of sys
temic initiatives to support educator leadership is
a new at, well practiced in Connecticut and
some other SSI states. It is an art worthy of study.

Second, we must use our knowledge of infor-
ma education to enlist the support of the tens of
thousands of individuds who volunteer every
day in our public schools. Volunteers can aso, as
disnterested  witnesses, spesk with  conviction
and specid power to their neighbors about the
redity of schools, they are an antidote to the
demagogues who present extreme cases of bad
practice as typicd of the whole of education. In
Texas we have built an extraordinarily powerful
gructure for supporting volunteerism and, more
broadly, service. The opportunities created by the
President's Summit for Americas Future, by the
follow-on program America's Promise, and more
broadly by the decison of the new volunteerism
movement to focus on children’'s well being and
education are golden opportunities for systemic
initiatives. We just must be careful never to con-
fuse charity with justice nor the respongbilities
of good citizenship with those of good govern-
ment.

Divison Director, Research, Evaluation and Communication
Education and Human Resources Directorate, National Science Foundation

This is a most learned panel and | am not go-
ing to do justice to the observations that they
have made. What | have tried to do is organize
some of what I've heard (and some of what | read
in advance) under three headings.

What Have We Learned about Systems and
Their Reform?

Firg, dl systems tend toward equilibrium,
stasis, or inetia. We know this and there are
more disincentives to change than incentives.

* Daryl Chubin is currently the Acting Assistant
Director for Social Science in Education at the Office
of Science and Technology Policy.

Two components that have been singled out this
morning repeatedly are teacher unions and higher
education, suggesting that we have a couple of
strategic sites we might focus on. Despite al of
this, as Susan Fuhrman observed, in the face of
inertia and criticism, standards-hased reform as a
movement continues and maybe even continues
to pick up steam. And while that's happening, as
Uri Treisman just reminded us, systemic reform
must leave no one behind. If it does, then it's not
systemic, and it's something less than what we
aspire to  accomplish.

Second, the value of strategic thinking
among educationa systems leaders can not be
overestimated. We a NSF have observed this re-
peatedly; | think some of you have experienced
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that first hand. Bill Chme's list of strategies and
flaws in them or in thelr execution is a nice sum-
may of the vaue of drategic thinking. Let me
give you one very brief example: a smple but
bold policy change in some locdlities has been
the eimination of remedia courses. For me it is
the best expresson of the phrase “al children
can learn” It is an operationdization of what we
mean when we say that we have high expecta
tions for al Sudents.

Third, it's pretty clear by now that systemic
reform must be approached both from outside
classrooms, about which teachers have virtualy
no control, and from inside, where teachers may
lack either preparation, and therefore confidence
to teach the kind of content that we talk about, or
opportunities to learn about that content and the
quality materids and other resources they need to
do the job, including technology and technica
assistance. It's what Jane Kahle has referred to as
“pressure points’ and what Susan Fuhrman
wrapped into the nice word of “momentum.”

What Do We Need to Do in Research on Sys-
temic Reform?

First, we must be vigilant to measure and re-
ward what children learn in the classroom and
not punish them for wha they lack in preparation
that they bring to the classsoom. This is the fear
that is invoked as one criticism of any voluntary
national exam. Tedting is a totem in this society.
The red issue is not the test, but how we intelli-
gently use assessment to raise the achievement of
al students. While there has been a call for a na-
tiond voluntary eighth-grade mathematics exam
and fourth-grade reading exam, the idea here is
to change the conditions, change the environ-
ment, bring to bear al the resources that al of
you in this audience have on that effort. Tha's
one of the jobs of the Executive Office of the
Presdent, and it's one of the things that I'm go-
ing to be spending time on. No agency can do
this done. The federa government can not do it
done. We need your help.

Second, we may have learned how to recog-
nize improvements in the performance of a sys
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tem, but we are far from developing robust mea
sures of that performance. | was encouraged by
John Witte's paper, which was produced as a
draft for the Indtitute, because | think he has it
right. He sad, “Simple reporting of Student
achievement does not provide necessary informa
tion about the quality of the system.” We need to
be able to measure the value added by the sys
tem, i.e, the change in achievement the system
has produced over time. We can argue about
which measures, which tests, but not about which
interpretations.

Third, research on systemic reform must oc-
cur a the sites of reform, with researchers as
patners of other system paticipants, not as
drop-in observers. This partnership will blur the
distinction between research and practice, be-
tween internd and externd, between top down
and grass roots, between government and non-
government. | think that's hedthy. There's a great
contradiction between systemic reform, which
acknowledges everyone is supposed to be work-
ing together, sharing credit, and sharing blame,
and things like the Government Performance and
Results Act, which ingtructs agencies to trace
their impact through the system and then be re-
warded or punished accordingly. We may not like
that, but it's the law, s we must be responsive.

Fourth, theories of systemic reform are over-
due. NSF's systemic initigtives through the six
drivers represent a test of one theory of process
and outcome. We need to look outside of educa
tion to other models and conceptudizations of
systemic change. There are other very smart
people who have looked a systemic change.
From a potpourri of research, hypothesis testing
and scenario building, we should develop a finer
sense of complexity, of relationships between
levels of a system and time frame for the emer-
gence of different kinds of system changes, barri-
ers to scaing up and a number of other things
that have aready been mentioned. How many
profiles or models of reform are there? Can we
identify the distinguishing characterigtics of
each? At one point we had twenty-five Statewide
Systemic Initiatives. We need some number of
models of reform less than twenty-five. How do
we get that reduced set?



Some Questions for Future Consideration

How do we learn from trangitory failure,
without sigmatizing the reform Ste? Many of
you may have seen a little note in Education
Week reporting on the first report card in Phila
delphia, even with a picture of Superintendent
David Hornbeck, in which the headline was, “All
but One School Fails” Think of how rare that
event is, reporting failure. We have to be able to
ded with that without penalty. How a drategic
thinking superintendent responds to that report
card is a chalenge indeed. We know that reform
may be taking root. It will take many years, how-
ever, for reform to be recognized and hailed by
the public as a success.

How do we adjust or dign the expectations
of different system participants? This is Jane
Kahle's point about the media and Uri
Treisman's about explaining to policymakers
why something makes a difference. We've got to
get better a doing this. Researchers aren't good
a doing that because they think this is a research
issue. It is not a research issue. Call it communi-
cation, cdl it dissemingtion, call it trandation.
We need to do it beter.

How typicd is the experience of Ohio or
Texas that we've heard about here? In this
weekend's Washington Post there was a front
page story by Rene Sanchez about Milwaukee,

which was redly quite encouraging. There was
dso a back page letter about Batimore, which
was an interesting dtrategic piece of thinking. We
have to learn from states and from cities experi-
ences.

To take one of Jane's pressure points a step
further, can researchers skilled at classroom level
research, assessment, and evaluation on teaching
and learning become systemic researchers? Is
this a capability, encouraging the creation of re-
formed researchers, that funding agencies should
expresdly cultivate? In the cooperative agreement
for the Nationa Ingitute for Science Education,
the expectation is that fellows who come through
the Indtitute will never do business the same way.
The Ingitute is intended to be an incubator for
change, change in the way people practice. What
IS a reasonable expectation, then, for what we
should be learning about systemic reform from
NSF's Systemic Initiatives and Goas 2000 ef-
forts? Can we walk the wak as well as tak the
tak of systemic reform?

Findly, let me end this parade of interroga-
tives with this thought attributed, much to my
chagrin, to the president of the Internationd As
socigtion of Professond Bureaucrais. He said,
“Sharing ignorance may not lead to wisdom, but
it spreads responsbility.” | thank the panel for
specifying our ignorance and expanding our re-
sponsbilities.

The Role of Curriculum in Systemic Reform

Rodger W. Bybee
Executive Director

Center for Science, Mathematics, and Engineering Education

National Research Council

Science and mathematics educators have
worked for over a decade on contemporary re-
form. In that decade, the Nationa Science Foun-
dation (NSF) funded Systemic Initiatives and,
perhaps more importantly, introduced systemic
into our perspective of reform. The National
Council of Teachers of Mathematics and the Na-
tiond Research Council achieved a consensus on

standards for mathematics and science, respec-
tively. The science and mathematics education
community is poised for a mgor trangtion from
work on establishing a systemic perspective of
education and identifying standards for develop-
ment and implementation of curriculum to
achieve science and mathematics literacy for all
students (Bybee, 1997).
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A Perspective for Curriculum

Most would agree that curriculum has a sSig-
nificant role in systemic reform. Upon further
review, however, one often discovers significant
varidion in the use of the term curriculum. For
some, curriculum is a framework or syllabus; for
others, it includes ingtructional materias, and for
dill others, it is the course of study. Curriculum
may include what some intend, what teachers
teach, or what students learn. Here, | will try to
clarify what 1 mean by curriculum.

The science and mathematics curriculum in-
cludes a series of congtructed relationships
among conceptudl schemes, procedural  Strate-
gies, and contextua factors; that is, the concepts,
methods, and topics that define the respective
disciplines of science and mathematics. Com-
paed to commonly used definitions (Jackson,
1992), my definition presents a broader and more
systemic view that includes the fundamental con-
cepts of disciplines, the actions and behaviors of
teachers and learners, the various technologies of
education, and the contexts within which the
context and processes of science and mathemat-
ics may be learned.

This definition of curriculum indludes di-
mensions of dructure, function, and feedback.
The diructural aspects include the extant relation-
ship among concepts, procedures, and contexts in
materials such as textbooks, scope and sequence
charts, curriculum frameworks, videodisks, soft-
ware, and standardized tests. The curriculum
structure is what is usudly thought of as instruc-
tiond materids, and some refer to it as the in-
tended curriculum. It is rationaly thought out,
has an organization, and by itself is dtatic
(Murnane & Raizen, 1988, Cuban, 1992; TIMSS,
1996).

The functiond dimension involves the ac-
tions and behaviors of teaching. This dimension
combines the dtructure with various ways science
and mathematics teachers adapt instructiona ma
terids to accommodate myriad classroom  Situa
tionsinvolving individuas and groups of Su-
dents. This dimension includes what the class-
room teacher contributes to the curriculum in-
cluding his or her understanding of science and
mathematics, the various pedagogica abilities
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and drategies, and understanding of contexts,
such as history and society.

Any viable curricullum in science and math-
ematics must include feedback. That is, the as-
sessment of Student atainment and the opportu-
nities for learners have to develop the under-
gandings and &bilities identified in the structurd
and functional aspects of the curriculum. In one
sense this is the achieved curriculum (Murnane
& Raizen, 1988) and in another | use the term in
a more systemic sense as the results should serve
to modify the structural and functional aspects of
the curriculum.

A Perspective on Systemic Reform

Despite common use of the terms educa
tiond system and systemic reform, the meaning
of systemic is often vague. Systemic perspective
requires an understanding of the whole in terms
of interacting components (e.g., subsystems),
boundaries (eg., criticd factors and leverage
points), flow of resources (financid and intellec-
tua resources in education), feedback (eg., as
sessment of achievement and opportunities to
learn).

Intuitively, most educators recognize the sys
temic perspective. For example, if one addresses
one component such as curriculum they will of-
ten point out the necessty of another component
such as administrative support. The fact that one
can list numerous such instances when one com-
ponent is juxtaposed to another provides ample
evidence of the degree to which there is coordi-
nation among components and coherence in the
system. | would argue, adong with others
(Fuhrman, 1993; NCES, 1996), that achieving
greater coherence is one of the mgor chalenges
facing science and mathematics educators. The
good news is that for over a decade we have been
preparing for this task through the NSF Systemic
Initiatives and development of the National Sci-
ence Education Standards (NRC, 1996).

A Strategy for the Curriculum in Systemic Re-
form

Table 1 identifies a straiegy that centers on
curriculum and uses a Systemic perspective in



Table 1

The Role of Curriculum in Systemic Reform: Strategies for State and Local Educators

Activity Goal Central Questions
Continuing the Avoid Fhe mlsunderst‘andmg that Since we are not finished, what do we
Discussion systemic reform consists of what we have to do now?
have accomplished )
Defining Our Goals Clarify the major goal for curncplar Wh?t do we wish to achieve through
reform of science and mathematics curricular reform?
Committing to Define the understandings and What has the nation already agreed
Standards J abilities that the curriculum should that all students should know and be
achieve able to do?
Deepening Slll}:cnoerlrlxiz ?gnzh::sg;:zxcl:amental Have we thought about the role of
Understanding P . curriculum in systemic reform?
mathematics, and education
. Achieve greater ahgnm'ent among Is there greater alignment among
Increasing components of the curriculum and .
. components of the educational
Coherence between the curriculum and the
. system?
educational system
Monitoring Provide feedback about the fole of How are we doing so far? What do
Progress curriculum in systemic reform we have to do now?

order to move the community of science and
mathematics educators through the period of
transition. The following paragraphs address the
six points and provide some recommendations.
Curriculum reform provides the context for the
strategy.

Continuing the Discussion

American education has a long history of
large and small innovations that have influenced
policies, programs, and practices. Recently we
have witnessed numerous such innovations, for
example, cooperative learning and
performance-based assessment, which hold
promise of improving science and mathematics
education. Unfortunately, we have also devel-
oped a perspective that all such innovations carry
the same importance, and once we have imple-
mented the new ideas our work is finished. First,
the innovations of national standards and sys-

temic reform cannot be equated with other inno-
vations because they are dominant organizers
that influence curriculum development and
implementation, but they are not the curriculum.
The important point here is that we cannot as-
sume that because we have standards and sys-
temic initiatives we are finished. We are not. The
steady work of reform is nearer the beginning
than the conclusion.

The first step in the proposed strategy is to
recognize and accept the fact that reform is a
continuing process and to engage each other is a
dialogue of central issues of science and math-
ematics education. I suggest that we begin with
discussions that center on our goals.

Defining Our Goals

When asked about the purposes of science
and mathematics education, we easily answer
with slogans such as scientific literacy or politi-
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cally oriented goas such as beng first in the
world by the year 2000. We have to ask the sec-
ond and third questions, What do these terms
mean? How are they trandated into curriculum,
ingtruction, assessments and teacher preparation
and  professonad  development?

| recommend that the community of science
and mathematics educators begin with focused
discussion of the Nationd Education Goas, spe-
cficdly God 3.

By the year 2000, American students will
leave grades four, eight, and twelve having
demongtrated  competency in  challenging
subject matter including . . . mathematics,
science, . . . and every school in America will
ensure that al students learn to use their
minds well, so they may be prepared for re-
spongible citizenship, further learning, and
productive employment in our moden
economy.

This goa poses severa questions worthy of

discusson within our community.

[. How do we define competency?

[l. Wha is chalenging subject matter?

[ll. Why grades four, eight, and twelve?

IV. What experiences in mathematics and sci-
ence will help students use their minds well?

V. What experiences will help students become
responsible  citizens?

Committing to Standards

It is time to recognize the place of standards
and their sgnificance in guiding decisions about
the science and mathematics curriculum. In the
National Science Education Sandards (NRC,
1996) and Curriculum and Evaluation Sandards
for School Mathematics (NCTM, 1989) we have
consensus  documents that  should inform  curricu-
lum decidons. | redize tha placing trust in these
documents is a maor deviation from usua prac-
tices. What the community should understand is
that the commitment is to Students and learn-
ing-what dl students should know and be adle
to do-and this defines the core content of the

curriculum.  Other  decisions, including other con-

tent, are left to state and local educators and
policymakers.
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Deepening Understanding

Decisions to improve science and mathemat-
ics programs through the design and implementa
tion of curriculum can facilitate discussons that
result in deeper understanding of content and
pedagogy. These discussions can center on fun-
damenta  misunderstandings about  standards,
curriculum, and systemic reform. | have identi-
fied severa such misconceptions in Table 2.
School personnel can address these, and probably
other, misunderstandings through  professiona
development that accompanies curricular reform.
| should point out that in this case curriculum has
assumed another role in systemic reform; namely,
an opportunity for educators to deepen their un-
derstanding of science, mathematics, and educa
tion.

Table 2
Misconceptions about the Role of Curricu-
lum in Standards-Based Systemic Reform

Curriculum and ingtructiond materids are the
same.

Standards and curriculum are the same.

Standards and other educationd innovations have
equal value.

Science as inquiry and mathematics as problem
solving are only indructiond drategies.

Standards can be met by selecting the right
indructiond meaterias.

Whether materids dign with standards or are
standards-based is an either/or issue.

Standards are designed to be used directly by
teachers as they design lessons.

Inquiry as a mode of ingtruction ensures that
inquiry as content is learned.

Standards provide a menu from which to select
the portions to be implemented.

Systemic reform requires a policy that estab-
lishes only standards and assessment.




Increasing Coherence

The November 1996 release of the Third In-
ternationd Mathematics and Science Study
(TIMSS), in paticular the extensve anaysis of
curriculum that complemented achievement re-
aults, clarified a problem in the educationd sys-
tem. | am refering to the lack of coherence
among essentiad  components of the system. For
example, the content of contemporary instruc-
tiond maeridsis not digned with widdy used
assessments; teacher preparation and profes-
sional development are not aigned with state and
local frameworks and practices. Further, some
initiatives, such as vouchers, focus attention on
issues that vary from the central components that
support teachers and teaching and students and
learning.

What can be done to make science and math-
ematics more coherent? My answer centers on
the role of curricllum opportunities it provides
students to learn the content in the National Sci-
ence Education Standards (NRC, 1996) and the
Curriculum and Evaluation Standards for School
Mathematics (NCTM, 1989). Curriculum pro-
vides the concrete and practicd entry into sys
temic reform. However, there must be logica
connections and  orderly relationships among the
ingructional  materials, teaching practices, and
assessment strategies. We need, to use a hiologi-
cad metaphor, a nervous system that coordi-
nates-brings coherence-to basic educational
components. Such a view proposes standards as a
centrd organizing guide for school science and
mathematics  programs.

Using the nationd standards in this manner
leaves considerable latitude for state and local
decison making. | will restate an earlier point.
These documents thoroughly elaborate what all
students should know and be able to do. In a sys
temic perspective, they define the systems or stu-
dent outcomes and the content of the curriculum.
Educators and communities can make decisions
about the way content is organized, emphasized,
presented, and assessed.

Monitoring Progress
My find step in the strategy seems obvious.
We need to monitor our progress and provide

feedback among various components of the sys
tem. Our usua approach emphasizes assessment
of student learning. Many states have imple-
mented assessments; a the nationd level we
have the Nationd Assessment of Educationa
Progress (NAEP); and a the internationa level
we have TIMSS. A very important complement
to assessments of student achievement is the
evduaion of opportunities Students have had to
learn the vaued content.

Conclusion

Curriculum has a very important role in sys
temic reform. Many educators have the natural
indination to identify curricullum asa criticd le-
verage point for improving student leamning. Al-
though | support this view, | have argued tha re-
form requires a more systematic approach, one
that centers on standards and sets in process a
dtrategy that attends to the varied components
and their interactions in the educationa system.
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This paper provides the supporting text for
the Ingtructiond Materids Development Review
that took place a NSF in March 1996.

Background

Ingtructiondl  materias influence what Stu-
dents are taught and how teachers teach. An in-
novative, comprehensive, and diverse portfolio
of ingructiond materids that implement
standards-based reform in  mathematics, the natu-
rd and socia sciences, and technology education
is required for pre-K-12+ education. These mate-
rids must be of high quality and condstent with
date and nationd standards to be widely adopted
and used in schools nationaly. They must pro-
vide sudents with the skills, knowledge, and atti-
tudes necessary to function in a high perfor-
mance workplace and to continue their educa
tion. High qudity materids that are accurae in
content, age-appropriate, and accessble to all
students are essentid to raising levels of student
achievement and are one of the mgor huilding
blocks of systemic reform. The development of a
wide range of quality indructiond materiasis
fundamental, but so too is the dissemination,
adoption, and implementation of these materias.

The curriculum and materials development
of the Sputnik Era in the late 1950s and 1960s
was a response to both competition with the Rus
sians and what we had learned from researchers
like Howard Gardner and Jerome Bruner about
how young minds grow and the knowledge about
how that growth can be stimulated through the
use of new methods and materials. This era saw
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the birth of “hands-on” science. The politics and
the culture of the time, however, dampened this
effort in the 1950s and 1960s to introduce real
change into classrooms across the country. Also,
these materids were designed on the premise that
children can know and do much more than we
thought they could, but these materiads were pre-
dominantly used in a tracking environment and
only reached the top 20% of students. However,
in both mathematics and science they paved the
way for the new materids of today by addressing
age-specific needs and individual learning  styles.
We adso learned from these earlier prototypes
that their success is highly dependent on the pro-
fessona development of al teachers, not just a
self-selected group of teachers with excellent
mathematics and science backgrounds who are
interested in using innovative materias. It aso
became abundantly clear that not everyone wants
to teach children how to think independently.
This issue dill remains today!

The NSF/Federal Role in Materials Development

The Indructiond Materids Development
(IMD) Progran a NSF supports the development
of drategies and materids that promote the im-
provement of science, mathematics, and technol-
ogy ingruction for sudents & al ability levels.
As an agency that has a broad mandate to support
the vitality of basic science, engineering, and
mathematics in the United States, NSF develops
materids broadly and comprehetisively across
the mathematics, science, and technology educa
tion disciplines and the grade level continuum.



According to the Federd Coordinating Council
for Science, Engineering and Technology
(FCCSET) FY 1994 Budget Summary, NSF spent
$439 million of the totd federd expenditure of
$54.3 million for curriculum improvement.

This broad mandate makes NSF unique
among federal agencies engaging in science,
mathematics, and technology education activi-
ties. In FY 1994, only four other Federa agencies
were engaged in the development of instructiond
materials in these areas. The Nationa Aeronau-
tics and Space Adminigtration (NASA) was sec-
ond in expenditure with $4.4 million, followed
by the Environmenta Protection Agency (EPA)
with an expenditure of $3 million, the Depart-
ment of Energy (DOE) with $2.2 million, and the
Department of Hedth and Human Services
(NIH), with $.8 million (Appendix A). Each of
the mission agencies (NASA, Energy, EPA, and
NIH) develops short modules in disciplines that
advance the mission of the agency.

IMD Goals

The IMD god is to develop ingtructiond ma
terids, adigned with standards for content, teach-
ing and assessment, that:

- enhance the knowledge, thinking skills, and
problem-solving  abilities of al students,
apply the latest research on teaching and
learning;
are content accurate and age-appropriate;
incorporate the recent advances in disciplin-
ay content and educationa technologies;
assist teachers in changing practices, and
ensure implementation in broadly diverse
settings.

IMD Processes

The development of ingtructional materials
in science, mathematics, and technology educa
tion is a complex process. Guiding principles
frame the processes for the development of NSF
sponsored  materials. The materials:

are developed by a collaborative of scien-

tists, mathematicians, teachers, and other

educators;

are based on research in teaching and learn-
&G

= dign with standards;

- contain appropriate  student  assessment;
ae field tested in diverse settings, and
have undergone formative and summative
evaluation, which include impact data from
fidd test sites.

Components of this process can be best un-
derstood through the diagram shown in Figure 1.

Mathematics  Instructional  Materials

ment

Develop-

In 1989, the teachers of mathematics in this
country through the Nationd Council of Teachers
of Mathematics (NCTM) released the Curricu-
lum and Evaluation Sandards for School Math-
ematics. The NCTM Sandards built a frame-
work for what children should know and be able
to do a various grade levels of school mathemat-
ics. They were a culmination of a grass roots ef-
fort by teachers who knew well from experience
that the mathematics being taught in classrooms
across the country was not working, and it was
inadequate in meeting the needs of students,
higher education, and the workplace. The mem-
bership of NCTM knew that the Sandards, how-
ever, needed more than written documents. The
country needed new ingtructional materids to
deliver the Sandards, existence proofs to show
that the Sandards are indeed attainable, and
teachers to implement them on the front line.

With the advent of the Sandards, the NSF
saw the need for providing leadership in the de-
velopment of new mathematics materials, if the
U.S. had any hope of being first in the world in
mathematics achievement for al students. The
NCTM Sandards provided not only a framework
for the development of new materias, but they
dso brought vighility and an eager contituency
for high qudity innovative indructiond meateri-
ds. Therefore, in 1989, NSF launched a series of
initiatives to fund the development of mathemat-
ics materids grades K-5, eighteen months later
the development of grades 6-8 materids, and fi-
naly in 1993 the development of grades 9-12
materials. Believing that schools and school sys-
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Research in Teaching and Learning

Informs

Writing of Materials

Embedded Assessment

Professional Development of Teachers

Pilot Test with the best

Field Test widely

Evaluate and Revise

Dissemination

Figure 1. The IMD process.

tems needed a choice of quality materials, a num-

ber of curriculum development projects at each

of these three levels was funded. Since curricu-
lum materials development is a complex and
costly undertaking, each project was funded for
five years to complete the development of mul-
tiple years of comprehensive materials. In addi-
tion, two high school mathematics projects actu-
ally began work earlier than the rest with initial
funding from other sources and consequently
completed development before the rest.

Each of the projects shared the following
characteristics:

» abelief that it was possible to significantly
improve the teaching of mathematics over
what was currently available;

* the materials were to reach as many students
as possible;

» the use of the technology of calculators and
computers;

30

Implementation

= the need to involve students more actively in
their own learning;

= that applications of mathematics should be
incorporated into the mainstream of experi-
ences of students in classes; and

= the sharp barriers between algebra, geometry,
or any other branch of mathematics should
be blurred.

Despite these similarities that defined
their strengths, the curriculum materials offer
unique choices for teachers to use in their own
classrooms.

The development of new mathematics in-
structional materials was not easy, particularly
when the NCTM Standards called for a paradigm
shift in the way teachers would use these materi-
als. These are comprehensive materials, not dis-
joint units of mathematics, so the development of
concepts over time and grade levels is essential
and was closely monitored in the pilot and field



testing. At the same time the materids were
evaluated, the ability of teachers to use these ma
terids was aso evaluated. Both student achieve-
ment and teacher achievement were measured.
Ongoing professional  development for the pilot
and field test teachers was essential if the materi-
as were to have a fair test and for the developers
to gan maximum feedback. Assessment of stu-
dent learning was built into the materials. Once
the materials were field tested they were revised
again, sometimes retested, and then submitted to
publishers for publication. At this point the de-
velopers thought they would be done, but they
found out otherwise. Now, those who esgerly
awated the new materials put even more pres-
sure on the developers and the publishers to get
preprint copies of the materids and professiond
development opportunities to implement the ma
terids.

By the end of 1997, the elementary and
middle school mathematics curriculum  materias
and a least grades 9 and 10 secondary mathemat-
ics materials will be publisned and readily avail-
able for use in schools across the nation. By the
end of 1998 dl of the secondary materias will be
published. (See Appendix B for a graph of the
development of comprehensive mathematics cur-
riculum materials and a description of these ma
terids)
Science  Ingtructional  Materials  Development

Science for All Americans was published in
1989 by Project 2061 of the American Associa
tion for the Advancement of Science (AAAS)
and contains a set of recommendations on what
understandings and habits of mind ‘are essential
for dl atizensin ascentificaly literate society.
It began the movement toward science standards
(even though it dealt with mathematics, socia
sciences, and technology as well as science) that
would eventudly describe what children should
know and be able to do in the sciences. Project
206 1, in the designers own words, atempted to
establish a conceptual base for reform by defin-
ing the knowledge, skills, and attitudes al stu-
dents should acquire as a consequence of their
total school experience, from kindergarten
through high school. Benchmarks for Science Lit-

eracy, published by AAAS in 1993, describes
how students should progress toward science lit-
eracy, recommending what they should know and
be able to do by the time they reach certain grade
levels. Building on both Science for All Ameri-
cans and the development of Benchmarks for
Science Literacy, which was underway at the
time, the National Research Council of the Na
tiond Academy of Sciences brought together di-
verse groups of scientists, engineers, teachers,
and science educators in 1992 and began the de-
velopment of the National Science Education
Sandards (NSES). The NSES, published in De-
cember 1995, go beyond the other documents
and include not only content standards, but stan-
dards for science teaching, for professiona de-
velopment for teachers of science, for assess
ment, for science education programs, and for
science  education  systems.

Unlike in mathematics, NSF's renewed in-
volvement in the development of ingtructional
materias in science predates issuance of the stan-
dards. Starting in 1986, with what were caled the
TRIAD projects, the NSF IMD program began
an extensve process to fund the development of
indructiona materias for science in ementary
schools. Prior to that time, very little science was
taught in elementary schools in the nation. In the
belief that qudity ingtructiond materids would
motivate teachers to teach more science and
teach science using an inquiry, hands-on ap-
proach, NSF began to make a mgor investment
in the development of science materias for
school use. Two years later the TRIAD projects
were extended to the development of middle
school science ingtructiond  materials.  The
TRIAD projects were characterized by develop-
ment teams of scientists, materials developers,
school people, and publishers, under the belief
that the materials would have a better chance of
dissemination if the publishers and school people
were brought in a the outset. Unfortunately, it
was too easy for publishers to withdraw support
a points adong the way, and some projects were
never published. However, the TRIAD experi-
ment did give birth to a number of exemplary d-
ementary science projects, for example the Full
Option Science Series (FOSS) published by the
Encyclopaedia Britannica, and Indghts, origi-
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naly published by Optical Data, soon to be trans
ferred to Kenddl Hunt. Since early 1992, during
the end of the development phase of these
projects, the projects were advised to keep close
track of the development of the AAAS Bench-
marks for Science Literacy and Science for all
Americans. The innovation and qudity of these
elementary projects set the stage for NRC's
NES a the elementary level. Thus, there is con-
Sderable dignment of the materids with the
NSES. In addition, a number of the developers of
the TRIAD science materids were participants in
the development of the NSES.

As the field began to recognize the need for
hands-on science materials a al grade levels,
developers aso began the development of new
innovative secondary  science ingtructional  mate-
rids. The first of these new materidls was devel-
oped starting in 1986 by the American Chemica
Society, called Chemigry in the Community
(ChemCom). ChemCom is designed to focus on
the study of chemica concepts that emphasize
chemistry’s impact on society. ChemCom is de-
signed to teach students about the important role
that chemistry plays in ther persond and profes-
siond lives, how to use knowledge of chemisiry
to think through and make informed decisons
about issues involving science and technology,
and the need to develop a lifelong awareness of
both the potentid and limitations of science and
technology. Daa indicate that these materias
bendfit dl sudents, including those intending to
major in the sciences in college.

Recently, the success of ChemCom has moti-
vated the development of comparable materias
for physics (Active Physics), bidlogy (BioCom),
and earth science (EarthCom). In addition, there
will soon be the publication of a number of com-
prehensve materids for secondary science, none
of which arefilly integrated across dl scientific
disciplines.

Appendix C gives a graph of the develop-
ment of science ingructiond materids.

Middle School Science Sudy

In an attempt to begin to more fully deter-
mine the dtatus of ingtructiond materids for sci-
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ence, now that the NSES are published, ESIE be-
gan a dudy of indructiond materids for middle
school science in March 1996. NSF started with
middle school science materids because much
was dready known about the elementary science
materials developed through the TRIAD projects
and elsewhere. The middle school study provides
a review of past and current NSF-supported ef-
forts and identifies areas where more develop-
ment is necessary. A portion of the middle school
sudy provides brief reviews of
noncomprehensive  materials, both where NSF
has supported the development and otherwise.
Preiminary findings from thisin-depth sudy are
now avalable, and a public document will be
disseminated in late 1996. The main goas of the
sudy were to answer the following questions.

What are the characteristics of

NSF-supported  ingtructiond  materids  for

middle school science?

How sufficiently do extant materias provide

for a comprehensive program for middle

school  science consistent with nationd  stan-
dards for science education?

The study emphasized a review of compre-
hensve curricula, those that equal a year or more
of course materia. Secondarily, the study re-
viewed modules or units that can serve as build-
ing blocks for a comprehensive program. The
centrd criteriafor reviewing the instructiond
materials were as follows:

« Is the science content correct?

How well designed are the materids to pro-

vide for conceptud growth in science?

How well do the materias aign with the Sci-

ence Standards?

Current and Future Plans across IMD:
Develop, Evaluate, Disseminate and Imple-
ment, and Measure Impact

The misson of the Ingtructiona Materids
Development (IMD) Program is to develop,
evaluate, and disseminate and implement sci-
ence, mathematics, and technology education in-
dructional materidls and to measure their impact
on students and teachers.



Develop-Current and Future

Currently projects are supported in al areas
to develop (including pilot and field testing)
comprehensive ingtructiond  materids in - math-
ematics, science, and technology education. In
addition projects are supported that integrate
mathematics, science, and technology education
in the curriculum in schools. For example, the
Integrated Mathematics, Science, and Technol-
ogy Project (IMAST) is developing integrated
materids for seventh- and eighth-grade students
aound the topics of biotechnology, manufactur-
ing, forecasting, energy transformation, transpor-
tation, and others. The materiads are designed to
be taught by teachers from al three disciplines
for a least 120 minutes per day. Although there
are separate activities for mathematics, science,
and technology, the activities focus on the same
key concepts and are coordinated so the students
readily see the relationships among the disci-
plines.

Comprehensive projects often develop a
year’'s worth of materids a a time and then look
to completing a sequence useable for multiple
years. For example, Chemical Education for Pub-
lic Understanding (CEPUP) ingtructiond  materi-
ds were developed in the early 1990s for middle
school science students. Two years later, Science
Education for Public Understanding (SEPUP)
expanded the number of CEPUP units to include
units in al of the physicad sciences and earth sci-
ence. Under the name Issues, Evidence and You,
these units were developed on loca issues for
middle school students and on globa issues for
high school students. The development of
SEPUP materidls contained embedded assess-
ment materials, encouraging the developers to
decide early in the development what skills and
content the students should learn. NSF has re-
cently funded Life Science Education for Public
Understanding to complete the series to a full
comprehensive set of ingtructiond science mate-
rids for grades 6-10 that cover life, physica, and
earth  sciences.

It is not aways the case that the development
of new materias is necessarily required to meet
the demand for standardshased up-to-date mate-
rids. In some instances, it may be more effective

to revise and/lor expand existing materids. For
example, the popular Nationa Geographic Kids
Network congsts of technology-based materials
that alow gudents to communicate with other
students around the world and to collect and ana-
lyze scientific data through a nationwide elec-
tronic network (eg., acid ran). The origind ma
terids were designed for students in grades 4-6.
The project has now been expanded for students
in grades 7-9. A second example is the Middle
School Mathematics Through Applications—
Computers and Design (MMAP), a project that
was designed to provide technology-based math-
ematics units for middle school sStudents. At the
time MMAP was funded in the early nineties, it
was not clear that enough schools would have
computer equipment available for students all

" day long. However, the demand for the MMAP

materials has been so great in both urban and
Suburban settings, that an extenson of MMAP to
a comprehensive complete set of mathematics
indructional  materials for grades 6-8 was funded
in 1995,

The advent of new technologies and their
avallability in schools has created a need for
more educational materials that are
technology-based. This phenomenon is what led
to the expanson of MMAP and the Kids Net-
work materidls expansions. Recently other
projects have been funded to increase the set of
quaity technology-based materials, such as the
Mapping your City-Geographic Informations
Systems (MCGIS). The MCGIS materias engage
dudents in use of the GIS database system to cor-
relate complicated datasets on variables such as
green space, income, census figures, and
gthnicity so they can map their loca communi-
ties.

Early childhood researchers have been tell-
ing the public over the last few years that young
children learn much more readily if the teaching
methods meet their speciad needs, that accelera-
tion of standard curriculum to earlier years is not
only unproductive but potentidly dangerous. The
most important ingredients in young children’'s
education are hands-on learning, physica activ-
ity, and socidization. Even though the need for
hands-on materials in mathematics and science is
widely recognized, there are very few instruc-
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tiond materials avallable for children ages 3
through 5, yet increasing numbers of children are
in some kind of school setting during those years.
The development of hands-on ealy childhood
mathematics and science instructional materials
is a high priority for IMD in the next few years.

Coupled with the need to provide materias
for early childnood education is the recognition
that ingtructiona materials must be available for
parents and other care-givers. A speciad olicita-
tion that crosses al program areas in the ESIE
Divison cdls for projects tha will provide help
for parents and care-givers to support their
children's science and mathematics endeavors a
home and elsewhere, and that will encourage
them to be effective advocates for more univer-
sdly available quality mathematics and science
education. The IMD portion of this solicitation is
for projects that develop indructiond materials
for parents.

Indtructiondl  materials are needed that will
radically change ingructional practices and Stu-
dent learning. Particular examples include (@) in-
volving students in research experiences that
teach skills related to the scientific process-hy-
pothess development, data anaysis, presentation
of results (eg., providing and understanding geo-
grephically distributed data or data retrieved
from large image sets); (b) use of advanced in-
structiona technologies to change what can be
learned by collaborations of students and teach-
ers, (c) the teaching of the processes of “design
under condraint” and or modeling in the context
of science, mathematics, and technology educa-
tion; (d) use of authentic workplace Stuations
that promote learning of disciplinary content,
workplace competencies, and career awareness.
Such materidds must be able to engage students
with different learning syles in the sudy of tech-
nical subjects and must provide explicit guidance
for teachers as they change thelr teaching prac-
tice.

Increasingly, projects are needed that span
the grade levels from 10 through 14. For ex-
ample, there are many students taking college
adgebra in colleges or universities, and many stu-
dents taking cdculusin high schoal. Ingtructiona
materials are needed a al these levels that are
standards based and that encourage hands-on ac-
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tivities and the student as an active learner. Many
more students take advanced placement science
courses in high school today than previoudy, yet
they go on to college and take courses that have
no relationship to wha they had in high school.
Articulation of materials-secondary and under-
graduate-is paramount and a respongbility of
IMD in ESIE and the Course and Curricullum De-
velopment programs in the Undergraduate Divi-
son.

Evaluate-Current and Future

Evaluation of ingructiond materids dur-
ing their development is essentid. Various para-
digms for insuring proper evauation of materids
developed with NSF funding before publication
have been in place since early 1993 and will con-
tinue to be used in the monitoring process. For
example, the developers of the comprehensive
mathematics ingtructiona  materials projects have
met as a group with NSF dtaff once a year a a
Gateways Conference. Developers brought the
current version of their materids to Gateways to
be critiqued by their fellow developers and the
NSF oaff. Gateways provides an opportunity for
the developers to share their problems, issues,
and successes with one another. The Gateways
Conference in October 1995 hosted a Public Fo-
rum a which time sudents, teachers, administra-
tors, and others gave public testimony to the suc-
cess of these materids a the field test sites. The
University of Chicago then published the docu-
ment, The Success of Standards-based Math-
ematics Curricula for al Students, a Preliminary
Report.’

All ingructiond materids development
projects are required to have an externa advisory
board consisting of scientists, mathematicians,
and educators. In addition, because of the limita
tions on daff travel, some program officers add
an externd auditor to the project. It is the respon-
sibility of the externa auditor to review al mate-
rids a each draft and report back to NSF any
problems he/she encounters. The externa auditor
dso vigts schools where field testing is taking
place in order to understand the effectiveness of
the materids in classrooms. Often, the second
and third year continuation funding for a project



is not made until the materials have been re-
viewed by an externd panel of reviewers ap-
pointed by the program officer. In addition, the
third year funding for a project is not granted un-
less the project has signed a contract with a pub-
lisher to publish the materids. As much as pos
sble, with limited travel funds, program officers
make Ste visits to the development projects and
their field test schools.

The Research, Evaluation, and Communica-
tion Divison is currently performing a program-
matic evauation of the Ingructiond Materias
Development Program. Key aspects to be consid-
ered are the dissemination capability of IMD and
the quality of materias through random reviews.
The tentative completion date for the IMD pro-
gram review is late 1997.

The Middle School Science Study was de-
sgned to provide the taff a NSF, and in turn the
field, with a broad understanding of the instruc-
tional materidsin middle school science, their
quaity, and their match with the NSES. The in-
drument used to conduct the study was devel-
oped by Mak . John of Inverness Associates to
review a specific set of middle school instruc-
tiond materials. The review paned modified the
Inverness ingtrument, tested it on one set of ma
terids, and then reviewed twenty other sets of
materidls. The revised instrument is now avail-
able to the public to help them choose quaity
materias for use in schools.? Each of the sets of
middle school science materials rated by the re-
viewers had been or was currently being devel-
oped with NSF funding and is comprehensive in
nature. A third-party review of middle school sci-
ence ingtructiond materids that are either not
comprehensive or were not funded by NSF will
be completed in late 1996.

For the future, the IMD program will con-
tinue to use externa auditors, review panels, and
others to review draft ingructiond materids de-
veloped with NSF funding prior to publication to
assess accuracy and usability of the materiads. In
addition, meetings smilar to Gateways meetings
will be initited for science developers. The first
such meeting will take place in late 1996 and
bring together al of the current developers of
high school science comprehensive materials.
After that meeting, NSF may conduct a high

school science study similar to the one conducted
for middle school science materids. During

FY 1997 NSF will experiment with the use of re-
verse ste vigts for dl large IMD projects at the
midpoint of their grant cycle.

Disseminate and Implement—Current and Future

Dissemination of indtructiond materias and
information related to these materias is an ever
increasing aspect of the work of IMD. In 1993,
IMD believed that an electronic database of
indtructiona  materials developed through NSF
funding was one solution to the problem of get-
ting usable information out to the field. The
NIRL database was created as a searchable data-
base, and one that included developer, publisher,
evduative, and summary information on each
project. The database was put on line through the
World Wide Web and included a toll free 800
number for more information. NIRL was some-
what successful at getting information about the
products quickly to teachers, but without sub-
santid advertising, its potentid impact was
muted. Updating the database became an impos
sibly expensive problem, for developers, for
NSF, and for the contractor. Consequently, the
database is to be brought in-house to NSF, and a
system of updates will be undertaken by NSF
saff and the grantees through an on-line system.
Once the updates are completed and a
user-friendly system is established, the database
will be advertised and made available over the
Web. Meanwhile the Clearinghouse in Ohio
sponsored by the Department of Education serves
as a repostory for NSF-funded materias, as
well.

Much of the task of dissemination of the new
ingructional materids fals on the shoulders of
the publishers themselves. The publishers clearly
want to see the materials used and they market
them through the standard mechanisms a meet-
ings, by telephone cals, with vists, etc. Since
the use of these materials requires additiona pro-
fessiona development and a cost-effective way
of reaching large numbers of teachers, NSF has
launched two local systemic change initiatives,
one in K-8 for mathematics and science and one
in 7-12 for mathematics. These initiatives are
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district-based teacher enhancement projects and
assume that the digtricts either have chosen the
materids they will use, or will do so during the
first year of the award; part of the enhancement
is then designed around the selection of new ma
terids. Substantid evaluation paradigms, man-
aged by an outside contractor, were built into the
local systemic change project initiatives from the
outset. These processes are designed to evaluate
changes in teacher practice and effectiveness of
ingtruction and include an analysis of the use of
indructional  materials. The locad systemic evau-
ation model is being adapted for use in other SIs
and in Eisenhower professond  development
projects. In addition, one component of the
yearly accountability portfolios submitted to NSF
by the rurd, urban, and statewide Sl projects in-
Cludes the use of quaity ingtructiond materids
a thar dte. All of these activities provide
mechanisms for the dissemination of high qudlity
materids, including those developed with IMD
support.

The current dissemination dtrategies will
continue and additional information will be pro-
vided to the technica assistance contractors and
those managing teacher preparation activities. A
number of short monographs describing the new
dandards-hased indtructional materidls in - math-
ematics, science, and technology in sufficient de-
tal to facilitate choice by schools have been de-
veloped, are in production a this time, or will be
drafted.’?

Implementation of quality instructiond mate-
rids is an ongoing challenge. Since early 1996,
the NSF IMD and Teacher Enhancement(TE)
Programs have encouraged submission of imple-
mentation  proposals. These implementation
projects can cover a variety of tasks, from the
development of videos of classoom usage of Sets
of the new materids, to guidebooks on how to
make good choices of materiads, to how to gan
parent and community support for the materids,
to aticulation across grade levels andlor disci-
plines. The daff hoped that leaving the descrip-
tions open-ended would result in a number of in-
teresting implementation grants. However, in the
first round only one award was made. The
FY 1997 guidelines are more descriptive and sug-
gestive.
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Some of the issues surrounding dissemina
tion and implementation will be discussed in the
next and last section of this paper.

Measure Impact---Current and  Future

It becomes increasingly clear that NSF must
be able to vaidate clams that students are learn-
ing more science, mathematics, and technology,
including problem solving, criticd thinking, and
basic skills, through the use of these new
standards-based ingtructiond  materials. To help
us evauate these clams, projects are now re-
Quired to provide sStudent achievement data from
their field test sites, and these data must include
information  from diverse populaions. Continua
tions and new awards are made contingent on the
qudity and avalability of these data Often, NSF
dtaff vist classrooms to directly assess effective-
ness of the materids as well.

IMD has undertaken a few targeted longitu-
dina studies to measure the impact of the new
standards-based ingtructional  mathematics  mate-
rids on student achievement for a period of up to
ten years, during the last years of the project's
development and for the first few years that the
materials are commercidly available, post the
end of the grant. One example is Norman Webb's
extensve evaluation of the Interactive Math-
ematics Project secondary materiads in six imple-
mentation Sites across the country. Included in
this evauation is a transcript study that tracks
students through the four years of high school
and into college.

In addition, the mosaic-of-evidence study is
being developed by the RAND Corporation to
measure the impact of systemic reform on stu-
dent achievement in ten Sl gtes, each of which is
using the new mathematics and science instruc-
tiond materias. It is hoped tha this study will
dso contribute to an evauaion of the use of the
materials. Two impact studies were completed in
1993 (Webb & Reynolds) that measured the im-
pact of nine mathematics and ten science sets of
ingructiona materials.

IMD doaff are continudly looking for new,
cost effective ways of measuring the impact of
indructiona  materials projects on students and
teachers.



Issues for Instructional Materials Develop-
ment

Implementation

The motivation for developing innovative,
standards-hased ingtructiondl materias is to im-
prove the teaching and learning of science, math-
ematics, and technology. But the development is
only the first step and will not contribute signifi-
cantly to improvements in teaching and learning
unless the materials are used widely by teachers
prepared to use them effectively and who have
the understanding and support of school adminis
trators, parents, and others in the community.

The NCTM Sandards and the NRC NSES
point to a dramaic departure, in content and
pedagogy, from the traditiond approach to teach-
ing and learning in mathematics and science.
Severa serious issues are inherent in the imple-
mentation of any standards-based instructional
materids

Standards-based  instructional  materials re-

quire a Sgnificant amount of professional

development for teachers in both content and
pedagogy;

Publishers are not prepared to provide the

needed teacher support activities and often

don't redlize teachers need more than they

did with traditiond texts;

»  The textbook adoption process is an expen-
sive process that some smaller publishers of
innovative materials are not prepared to un-
dertake, yet the process pays big dividends
for those who do, for example Encyclopaedia
Brittanicawith FOSS;

« Implementation requires support and buy-in
from administrators, parents, and the com-
munity, and when the support is missing
from one group, as initidly happened in Pdo
Alto, CA, and Ames, A, the whole reform
movement can be in jeopardy;

Assessment of student learning must be

linked to the indructiond materids, and the

design of new assessment tools has not kept
up with the development of new materias
and the standards;

® Articulation across grade levels and disci-
plinesis essentid; and

Teacher preparation in colleges and univers-

ties must be linked with the new materias to

facilitate implementation, yet most college

and university departments are unaware of

gther the standards or the new materials.

Until we address these salient issues as a pro-
gram, and as a directorate, implementation of
new innovative materias will be limited.

Publishers and  Publishing

Publishing ingructiond materids in math-
ematics and science is not only necessary for dis
semination and use, but since 1986 has heen a
requirement of al awards made by NSF for de-
velopment of materids. Inherent difficulties of-
ten occur a the outset with securing publishers,
but many issues arise after contracts have been
signed and the materiadls are published. Among
the issues resident in publishing the materias are
the fallowing:
= Many publishers have competing materials

that they market and may provide only mini-

ma marketing for the new materids;

» Many smal publishers and even some large
ones are being bought out by large publish-
ing houses, S0 that eventualy there may be
only three or four companies publishing in-
structiond  materias;

= May of the new materids contain substan-
tid teacher materids and very little student
materials, making it hard for the publishers
to make money in therr present form;

= Many of the new materias consst of kits,
supplies, videos, not normally produced by
textbook  publishers;

= Many concerns exist about the intellectua
property rights for publishers whose materi-
ads are placed on the Internet either by them
or hy others.

* Internet materids smply are out there, with
no indication of quality or use.

The issues of technology and choice of mate-
rids and of the publisher’s role in the solutions
to problems in these areas are enumerated in the
next pages.
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Materials Sdection at Local and Sate Level

Implementation of quality instructiona mate-
rids and the dissemination of NSF-developed
indructiona  materials often come together a the
ste where the Selection of school materials takes
place. Administrators, teachers, and stakeholders
a the state and local levels are forced to make
very costly and extremely critical decisions re-
garding what ingructional materias will best
serve ther dtudents. When faced with the wide
aray of indructiond materids avalable on the
open market, local leaders often become caught
in a gdorm. Spin doctors, money managers, and
fag-taking sdes people with little understanding
of the issues are part of the fracas in which deci-
sion makers find themselves. Issues for NSF in-
clude the following:

Should NSF fund what might be called a sed
of approva for ingtructiond materias, those
developed through NSF funds and/or those
not, together with a published consumer re-
ports listing those that earned the sed, poss-
bly with ratings of the materias?

Is it possible to create a guide for school sys

temsto usein sdecting materids? This

might indude evduative ingruments smilar
to the instrument used for the middle school
science  study.

How can parents and other lay persons, who

often participate in curriculum materias se-

lection, be convinced that dl students can be
educated, while maintaining excellence?

What materials should be developed to help

groups make better decisions regarding mate-

ras?

All of the above issues revolve around get-
ting maximum information concerning ingruc-
tiond materidls to a variety of audiences and, a
the same time, protecting NSF from being ac-
cused of mandating specific materias, particu-
larly in the funded S sites.

Information  Technologies

Educational technologies are changing rap-
idly. Many school systems, but not al, now have
access to many new delivery venues that make
posshle today what was thought to be science

38

fiction a few years ago. With the rapid, continu-

ous changes taking place in schools and in tech-

nology development houses, IMD is faced with
an aray of issues:

» Should developers design software for
state-of-the-art hardware systems or for what
is available today for use in schools?

» Should we encourage al IMD projects to in-
clude information technologies or leave it to
the speciaists?

= |s there sufficient research to know how to
effectively use educationd technologies in
classrooms?

®=  Since it will require massive teacher en-
hancement to prepare teachers to use both
the new hardware systems and the new soft-
ware available for them, and once a teacher
IS 0 trained, in a few years the technology
will change once again, how do we build a
professional  development system for teacher
technology  education?

" |s it posshle to ensure equal access and use
of information technologies for al students?
It is apparent that poor schools and rich
schools have the best chance a providing the
technologies, in the first case through dona
tions, in the latter case they can afford it.

* Are parents, students, and business and in-
dustry personnel, who expect the use of tech-
nology in schools, willing to make the sacri-
fices necessary to assure quality materias
and use?

Summary

Since its inception in 1950, the Nationd Sci-
ence Foundation has served the Nation by invest-
ing in research and education in science, math-
ematics, and engineering. Over the years NSF's
investments in education have included invest-
ments in the development of ingtructiond materi-
as for use in classooms across the country, pre-
K-12. NSF believes, and rightly so, that educa-
tion reform and improved student achievement
canot be accomplished without quality instruc-
tiond materials in use in classrooms. The IMD
program has helped to assure the use of quality
materias through development, evauation, dis-



semination, and implementation activities. These
activitieswill continue and intengfy in response
to increased cals for improvement through
standards-based materials. Data suggest that the
materias recently developed and field tested in
diverse settings by diverse teachers are making a
difference in sudent achievement, particularly in
mathematics.

IMD will continue to develop
standards-based qudity materids for use by dll
students and al teachers across the nation. Par-
ticular emphasis in the next few years will be
placed on completing the portfolio of science
materids, expanding the portfolio of early child-
hood mathematics and science materials, and re-
visng and expanding the materials that incorpo-
rate the use of learning technologies in effective
ways. Implementation of the materids developed
with NSF funding, especidly in mathematics,
will be increasingly important and recelve a con-
Siderable amount of attention. Effective ways to
measure impact, in paticular that Students are
learning more mathematics, science, and technol-
ogy, will be sought and used. Materids by them-
selves, if not used effectively by teachers to im-
prove student achievement, have no value.
Therefore it is essentid that we determine how

Richard  Greenberg
University of Arizona

As a developer of science-education pro-
grams, | have found myself deeply concerned
with gructuring programs so that therr innova
tions can actudly find ther way to being used
widely by students and teachers in the red world
of schools. In order to achieve that god, it be-
came clear to me ealy on that consideration of
curriculum cannot be separated from issues of
teaching and learning: For practicd implementa
tion, the critical link is teacher education. While,
for understandable organizationd reasons, the
program for this conference separates *“curricu-
lum” from the topic of “teaching and learning,”
the digtinction seems potentialy counterproduc-

teachers can use the quality materids most effec-
tivly to support ther students learning.

As NSF becomes more accountable for its
actions, 0, too, will the developers and
implementers of the portfolio of mathematics,
science, and technology materials to be used in
the twenty-first century.

Notes

1. The Success of Standards-based Mathematics
Curricula for All Sudents -A Preliminary Report,
Gateways 1V Public Forum on the Impact of Math-
ematics Education Reform, University of Chicago,
Chicago, lllinois, October 1995, available from NSF.

2. Middle School Science Study Instrument, avail-
able from NSF by contacting any IMD program of-
ficer.

3. Technology Education Ingtructional Materials,
Elementary-High School, Instructional Materials De-
velopment, Division of Elementary, Secondary, and
Informal Education, National Science Foundation,
NSF 96-6 1, February 1996.

4a. Impact Study of 10 NSF-Supported Precollege
Science Instructional Materials Projects, W.W.
Reynolds, | Gawley, F. Pregger, Reynolds & Schaeffer
Associates, Inc., October 1993.

4b. Dissemination of Nine Precollege Mathemat-
ics Ingtructional Materials Projects funded by the Na-
tional Science Foundation, 1981-91, N. Webb, H.
Shoen, and S. Whitehurst, Wisconsin Center for Edu-
cation Research, Madison, Wisconsin, April 1993.

tive. The need to address al of these issues in an
integrated manner is especialy critical in the
context of systemic change.

Because this pand is assigned the subject of
curriculum, | would like to explore an issue that
has been driven home to me during curriculum
materials development as part of the Image Pro-
cessing for Teaching (IPT) project. The specific
issue is a dilemma faced in the course of any cur-
riculum innovation, and its resolution illustrates
the importance of intimately integrating al com-
ponents of reform if we are to have successtul
systemic implementation. Later, | will dso offer
a cautionary note on how a rigid or bureaucratic
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implementation could subvert the process, unless
adminigrators are vigilant in defending the spirit
and intent of reform in science education

The use of digita image processing alows a
great leap ahead of many classroom experiences,
offering the potentia for activities usng a pro-
fessional research tool and rea, complex image
data. It is a technology that can achieve the ob-
jective of many curricular innovations: authentic
scientific experiences. In the early experimenta
stages of IPT (beginning in 1990), severa teach-
ers with persona subject “hobbies’ developed
wonderful - research-based activities that worked
beautifully in their own classooms, but were too
specidized to be widely used by other teachers.
It became clear to us that our materials must sup-
port curriculum objectives widely recognized and
shared among teachers, while at the same time
dlowing open-ended exploration, discovery, and
andyss.

This poses a dilemma that must be faced by
any curricllum developers who attempt to incor-
porate red investigation: You want the activities
to be innovative, but you aso need to ensure that
a substantid number of teachers will recognize
such activities as helping them meet their own
objectives, and not imposing an arbitrary burden.
For traditiond teaching objectives, the market-
place has tended to drive curriculum materias
toward the lowest common denominator.

The new National Science Education San-
dards, combined with systemic reform, are pro-
viding a solution to this dilemma These stan-
dards are motivating teachers to adopt new and
desrable objectives. This trend is especialy true
where systemic change is under way, educating
teachers to the advantages and supporting imple-
mentation of change. Increasingly, we find that
teachers are searching for ways to bring real <ci-
entific exploration and discovery into ther class
rooms. This change is making it possble for de
velopers to provide curricllum materias that en-
courage the most meaningful learning, while s-
multaneously ~ addressing  widespread  demand.

None of this change would be possible with-
out teacher education as a key pat of systemic
reform. First, teacher education in the context of
systemic reform has alerted teachers to the new
purpose and approaches of science education re-
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form within their systems. Without such teacher
education, the demand for new curriculum sup-
port would not be created. Innovations would be
local, small-scale, and ephemeral. Second, the
specific curriculum innovations that are provided
to meet that new demand require teacher educa
tion. For example, the IPT project began as a
Teacher Enhancement project well before we be
gan serious development of curriculum materids.
Thousands of teachers have now learned what
digital image processing is, how to do it, and
how students can use it for learning. That broad
base has been essentia for its success. Thus, by
providing both generd and curriculum-specific
teacher education, systemic reform can facilitate
the development and implementation of new, en-
lightened curriculum, and in turn that curriculum
is providing an essentid part of meaningful re-
form.

However, | want to raise a concern about
ways that organizationa structure, which is nec-
essary to coordinate systemic change, can never-
theless subvert the goals of science education re-
form. We have seen here how the need to struc-
ture a conference program begins to separate cur-
riclum from teaching and learning. Here it is not
a problem, because the participants are sophisti-
cated enough to avoid being pigeonholed. But
imagine what would happen if smilar separation
occurred in the structure of a systemic initiative.
Policymakers and program planners must be
careful to design systems to prevent such frag-
mentation. Even so, operationad managers will
need to be continualy vigilant to ensure that bu-
reaucratic and political tendencies do not sepa
rate the components of reform, al of which must
be intertwined for systemic change to be benefi-
cia.

Another naturd bureaucratic tendency to
avoid is applying dtandards in an overly rigid
manner. In genera, enlightened developers of
curriculum materidls do address topics explicitly
within the content standards. The practical rea-
son, again, is that we want innovative teachers to
recognize our materiads as supporting their goals,
and to guide al teachers toward meeting the Na
tional Science Education Sandards. However,
the Content Standards are deliberately genera
because they are intended to provide a guiding



philosophy; the Standards explicitly state that
these guides are not meant to be proscriptive.
This approach means that curriculum can be
Quite diverse, in order to meet the needs of di-
verse sudents in diverse contexts, while il
meeting the nationd Content Standards.

One major theme of the Standards (again re-
flecting much of the thinking in science educa
tion reform, and aso confirmed by TIMSS) is
that curricula should not try to cover too broad a
range of topics, but the topics should be explored
in depth. This means that developers can prepare
materials with the expectation that the materias
will not define curricula themselves. Instead, de-
velopers need to provide an array of activities
that support a clearly articulated conceptual
framework digned with the Standards. From
such an array, teachers can select activities ap-
proprite to their specific context, thus limiting
the topica scope while increasing depth of un-
derstanding of concepts and processes.

Sylvia T, Johnson
CRESPAR
Howard University

Introduction

Systemic  educational reform involves coordi-
nated change in the whole education system, par-
ticulaly in the areas of curriculum, assessment,
ingtruction, standards, and teacher professiona
development. The process of assessing students
is centrd to the provison of ingtruction (Cohen
& Spence, 1990). Furthermore, assessment im-
pacts the curriculum that is taught as well as the
ingructiond  goals, practices, and materials that
ae used and developed. Presently, nationwide
cals for better forms of assessing student
achievement raise questions about their relative
benefits and drawbacks compared to traditional
forms of assessment. Consequently, the diversity
of different forms of assessment presents differ-
ent issues, benefits, and drawbacks. While it has
been recognized that traditiona assessments have
magor limitations, the benefits of dternative

Thus curricula that meet the National Soi-
ence Education Sandards may vary widely from
school to school, or even classroom to classroom,
within any sysem, and such variation is desrable
if it addresses students diverse needs. We need
to encourage such diversty, while a the same
time making the fundamenta philosophica and
pedagogical approaches of science-education re-
form  ubiquitous.

Intellectually, there is no red conflict be-
tween the objectives of implementing reform sys-
temicaly, while promating internd diversty.
However, the chalenge in implementing sys
temic change is to design and monitor adminis-
trative and bureaucratic structures that will not
pervert those goas. These systems need to be de-
sgned to promote diversity, rather than unifor-
mity. Where it is done well, systemic reform with
appropriate teacher education can promote the
best kinds of curricula, the most meaningful
teaching and learning, and the diversity essentia
to meeting the needs of al students.

forms of assessment are new, and research has
not yet had time to study these new forms in
depth. Given the intimate, interactive, and some-
times reciprocal relationship between curriculum
and assessment, one might ask how assessment is
currently being used for curriculum improvement
in systemic reform efforts, and what assessments
have been generated by systemic reform. Actu-
dly, a least three generd models for systemic
reform are applicable in answering these ques-
tions

1 Assessments are indtituted with the goa of
changing curriculum and practice.

2 Curricular reforms are indtituted, and a need
is then seen for more accurately aigned as-
Sessments.
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3 Curricullum and assessment reform occur in
tandem with subsequent modifications of one
being rapidly reflected in changes in the
other.

This paper reports on examples of each of
these models. The problems associated with
building and maintaining an effective assessment
program are aso discussed.

1. An assessment program is inglituted with the
goal of changing curriclum and practice
The Maryland Sate Performance Assessment
Program (MSPAP).

MSPAP is a dtatewide performance assess-
ment program piloted in the late 1980s and ingti-
tuted in 1990. It initidly met with reactions of
confuson and even hodtility among school
people and the community. It has steadily made
its mark and seems to be a maor factor now in
how and what teachers teach. Teachers report
changes in content emphasis and time spent
(Koretz, Mitchell, Barron, & Keith, 1996). Par-
ents and community people are interested and
concerned and see the nature of these tasks as
important for children to be able to do. While
scores are dtill a good distance from desired lev-
els of proficiency, remarkably steady progress
has been made. The date and the school digtricts
have made substantid investments in profes
siona development and community education,
and these are important to the current progress.

2. Curricular reforms are ingtituted, and a need
is then seen for more accurately aligned as-
sessments; Curriculumrbased  assessment.

Curriculum-based assessment (CBA) is de
fined by Cohen and Spruill (1990) as a broad ap-
proach linking assessment to ingtruction. Idol,
Nevin, and Paolucci-Whitcomb (1986) describe
CBA as a criterion-referenced test that is
teacher-constructed and designed to reflect cur-
riculum content. Blankenship (1985) smilarly
defines CBA as the “practice of obtaining direct
and frequent measurement of student perfor-
mance on a series of sequentialy arranged edu-
cationd objectives derived from the curriculum
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used in the classoom.” Clearly, “CBA s the
practice of using the materid to be learned as the
basis of determining the degree to which it has
been learned” (Tucker, 1985). It is a procedure
for determining the ingtructiond needs of indi-
vidud students based on ongoing performance in
the existing curriculum. According to Tucker,
data collection, interpretation, and application
ae dl integrd pats of CBA.

Marston and Magnusson (1985) dtate the pri-
mary god of CBA as ading the ingructiond
decision-making process. Hargis (1995), on the
other hand, declares its primary objective as the
success of al students.

Also referred to as frequent measurement,
continuous  curriculum  measurement,  therapeutic
measurement, and curriculum-based measure-
ment, CBA grew out of work a the Inditute for
Research on Learning Disabilities a the Univer-
sty of Minnesota (Ysseldyke, Thurlow, Graden,
Wesson, Algozzine, & Deno, 1983). The research
conducted a the Universty of Minnesota ini-
tidly examined the assessment process for stu-
dents who were disabled. One maor finding
coming out of the Minnesota Indtitute was that
curriculum-based  measurement  (CBM), a type of
CBA, rather than commercially published
norm-referenced tests, was technicaly adequate
and that it was useful for evaluating student
progress and improving Student performance.

Fuchs (1995) explains that the focus of
CBM is long term. She explains that the teacher
etablishes a broad outcome for students and then
uses CBM methods to measure student profi-
ciency by creating a pool of equivalent assess:
ments, each of which samples the key problem
types. The student completes one or two assess
ments each week. Because each assessment is of
equal difficulty and incorporates dl of the prob-
lem types to be learned over the year, the CBM
database provides a total score graphed over time
to show progress over the year. Fuchs states that
CBM sdtidfies six of the seven criteria for assess:
ment, addresses the three purposes of assess-
ment, and incorporates standardized measure-
ment techniques, providing rdiability and vaid-
ity. She further asserts that it offers detaled in-
formation on a sudent's performance on  specific
skills and can be used to determine how t0 im-



prove an ingtructiond program. Since its mea
surement framework is not tied to any particular
model of ingtruction, a broad range of ingtruc-
tiond options can be used. In addition, a teacher
can use widely varying methods with the same
child to see which method is most beneficidl.
Moreover, the assessment demands are manage-
able in the classroom setting, and computer pro-
grams have been developed to administer these
assessments and manage the data’ It should be
recognized, however, that extensve academic
background and ongoing professiona  develop-
ment and technical support for teachers are nec-
essay for the successful use of CBM. Also, its
effectiveness in  providing assessment  informa-
tion is probably strongest when used longitudi-
ndly for individuds and classrooms rather than
for large-scale assessment.

3. Curriculum and assessment reform occur in
tandem, with subsequent modifications  of
one being rapidly reflected in changes in the
other: The Advanced Placement (AP) pro-
gram and the Pacesetter program.

Advanced Placement (College Board, 1996a,
1997) is hardly a “new kid on the block™ in the
secondary education scene, having been in place
for more than 40 years. However, its expansion
from about 100,000 exams taken by 80,000 stu-
dents in 1976 to 843,000 exams taken by 537,000
students enrolled in 68,000 AP classes is note-
worthy. Curriculum and assessment were devel-
oped together, and changes are reflected in both,
systemicaly. The annua involvement of second-
ary teachers in scoring of examinaions provides
feedback to teachers through workshops and Col-
lege Board regiond and national meetings on in-
structional and assessment issues. Much of the
program’s growth has been in schools that previ-
oudy had fewer college bound seniors, and the
financid involvement of state school systems has
been a mgor factor in this growth. Students get
college credit for satisfactory AP assessment per-
formance and develop further confidence in their
ability to do college work.

Pacesetter is a much newer program, aso
from the College Board (1996b), and is designed
to provide a demanding, college preparatory cur-

riclum, but with relevance to red-world events.
For example, Pacesetter mathematics is a course
in Elementary Functions that makes extensive
use of graphics caculators. Students derive func-
tiona relationships from actual events that are
unfolding, strengthening their understanding of
abstract conic sections and trigonometric  identi-
ties. Of course, the same mathematical relations
emerge, but they can be understood in context,
and they provide meaning to the abstract sym-
bols. We are only beginning to see results from
Pacesetter, but students are moving on from these
courses to Advanced Placement, and classroom
observations show extensve engagement and in-
tengty in the quaity and characteristics of Stu-
dent participation (Badger, 1996; Camara, 1996).

Curriculum, Assessment, and Systemic Re-
form

Systemic education reform is defined as a
comprehensive effort to improve education S-
multaneoudy from “bottom up” and from “top

.down” through coordinated state policies that

support changes a the loca level. States work
from “top down” by establishing policies and a-
locating resources. Local schools work from the
“bottom up” by planning and implementing im-
provements that are consstent with dtate poli-
cies, yet senstive to local needs.

In addition, systemic reform is based on the
assumption that al children can learn chaleng-
ing content and that curriculum, assessment, in-
gruction, and professonal development must be
digned or made consistent with each other to en-
sure that students achieve high standards.

As a result of the current wave of systemic
reform, the nation is undergoing mgor curricular
reform that has fostered the development of con-
tent and peformance standards. These standards
have had a great impact on educationa assess-
ment. Consequently, assessment reform  often
centers on two persistent criticisms of standard-
ized tests that current standardized tests are ex-
ternd to a particular school system and that stan-
dardized test developers do not link tests to spe-
cfic curricula (Nitko, 1995). Nitko believes that
the implication of these criticiamsin the context
of systemic and curricular reforms is that we
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should encourage curriculum-based  assessment
reform.

What Have We Learned?

CBA has many advantages over traditional
methods of assessment (Ysseldyke et a., 1983).
These include:

1. Improved communication of assessment per-
formance. The smplicity of data presentation
through the use of graphs is easly under-
stood by teachers, parents, and students
(Ysseldyke et a., 1983). Progress can be
Clearly  depicted.

2. Increased sengitivity to and direct impact on
the student’s curriculum. CBA directly im-
pacts the student's curriculum by providing
the teacher with information about when to
dter a sudent's ingructiond program
(Mirkin, Deno, Tindd, & Kuehnie, 1932
Idol et d., 1986).

3. Peer referencing. It is possble to norm student
performance by sampling regular classroom
peers. This shows an individua student's
growth in relaion to peers in the same cur-
riclum. CBA dso enables a school or dis-
tinct to establish its own norms (Deno, 1985;
Marston & Magnusson, 1985).

4. Bias dimnation. CBA has been shown to re-
duce substantialy the bias in teacher refer-
rs (Mirkin, Marston, & Deno, 1982) and
the bias inherent in standardized tests
(Galagan, 1985).

5. Sreamlined ingruction. Teachers who use
CBA to evduae students skill areas will
find that instruction becomes more Stream-
lined; students can be offered instruction for
unmastered  areas  without receiving  repetitive
indruction in previoudy mastered areas (Idol
e d., 1986).

6. Increased collaboration. CBAs can be devel-
oped collaboratively with other teachers who
use the same curriculum. They can be used at
the beginning of the school year or in seg-
ments throughout the year. They can be used
with groups of individuds or with individu-
ds. If multiple forms are developed, they can
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be used to monitor progress over time (Idol
e d., 1986).

1. Significant achievement. Several dudies have
demongtrated that students achieve a  signifi-
cantly higher levels when CBM is used. The
teachers who used CBM were more struc-
tured in their indruction and more redlistic
and responsive to student progress (Fuchs,
Deno, & Mirkin, 1984). The students were
more aware of their educationad goas and
were more able to accurately predict whether
they could meet these goas (Fuchs et 4.,
1984).

8. Growth measured over time. CBM is particu-
larly effective in measuring academic growth
over time (Marston, Deno, & Mirkin, 198 1).
It was demongtrated that the sengtivity of
these measures in the early grades suggests
that they may be particularly useful for
evaluation of the ingructionad programs of
problem  learners.

Research  Focus

According to Nitko (1995), in most of the
curriculum-based  assessment  reform  discussion,
there is only passing reference to practica long-
term  assessment  development  procedures. Most
of the discusson, according to Nitko, focuses on
what is necessary to develop a single assessment,
as contrasted with models for sustainable ongo-
ing production processes. He states that, if CBAs
are to become the primary assessment modes in
schoals, the process of producing fresh annual
assessments needs to be articulated. In articulat-
ing a production process model, some of the fol-
lowing questions should be answered:

I How are curriculum-assessment linkages
forged?

2 How are curriculum-assessment linkages sus-
taned and vaidated throughout the develop-
ment  process?

3 What level of technica and financia re-
sources is needed to sustain high quality
product  production?

4  What types of organizations are capable of
sustained production of high quality
curriculum-based  assessment?



Conclusion

One aspect of ataining the goas of systemic
reform is coordinating assessment practices with
what is taught. With the push coming from the
assessment, the curriculum, or the common de-
velopment of both, these reforms am to do just
that.

The dstatewide MSPAP applied consistent
pressure and support to ater the way in which
school  subjects were taught. Advanced Place-
ment has offered a consistent, high level standard
for superior performance, and the use of dtate
funds has made it broadly accessible to many
schools who could not support it locally.
Pacesetter is providing a bridge from elementary
adgebra and geometry to more advanced math-
ematics.

The use of curriculum-based assessments can
assist in providing a more accurate means of as-
sessing what children have learned. CBA mea
sures the achievement of students in terms of the
expected curriculum outcomes of the school
(Germann & Tindd, 1985). It is dso oriented to-
ward ingruction as methodology and can be used
to determine the ingtructional needs of dl stu-
dents based on ther peformance within existing
content concepts (Ginkling & Thompson, 1985).
With this process, it is hoped that the instruc-
tional decison-making process will be facilitated
and that every child will succeed.

Though NSF has a rich lode of reform cred-
its, these programs show that many successful
reform activities are state-funded, or supported
by private foundations supplemented with local
efforts. This climate has probably helped give
local systemic activities more time to incubate
and take hold, provided adequate attention and
staffing to extend scope and to make the idea of
systemic change a believable goal in schools and
communities.
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There is consensus that throughout the world
societies are evolving from the Industrid Age
into the Information Age. The most important
features of the Information Age are that it repre-
sents firg a profound switch from physicd en-
ergy to brain power as its driving force and, sec-
ond, a change from concrete products to abstrac-
tions as its primary products. Information is the
new capitd and the new raw materid; the ability
to communicate is the new means of production;
and the communication network provides the
means of relaying that production. The assump-
tion is that our citizens need a better understand-
ing of mathematics, science, and technology if
our society is to prosper in the emerging Informa
tion Age

As a consequence, for over a decade the pub-
lic has demanded action (e.g., Nationd Commis-
son on Excdlence in Education, 1983; Nationa
Science Board Commission on Precollege Educa
tion in Mathematics, Science, and Technology,
1983). Because of these demands, the National
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Council of Teachers of Mathematics (NCTM) in
1986 formed a Commisson on Standards for
School Mathematics with the mission to present
a vison of the mathematics curriculum, methods
of indruction, techniques of assessing student
performance, and procedures for evaluating pro-
grams that would be needed.’ Here | only address
issues related to the school mathematics curricu-
lum.

The task of developing a new school math-
ematics curricllum must be viewed as a design
tak. The emphasis on design implies that current
materials are inadequate. Thus, simple alterations
of exising programs do not suffice. Instead, the
fundamental way in which mathematics pro-
grams are organized and developed must be
changed so that a radicaly new program is cre-
aed. In fact, curriculum development is seen as
more than a change in content and method; it is
an effort to change the ingtructiona culture of
schools. By curriculum, it aso should be under-
stood that what is to be developed is a totd in-



gructional package, not just a curriculum guide
or a basal textbook series. The message | want
understood is that the vison NCTM presented is
for a mathematics program, that is, for a math-
ematics curriculum that expects al students to
have an opportunity to learn more and somewhat
different mathematics than in the past. Such a
program is to be significantly different from cur-
rent practice, and the emphasis in the vison is
that mathematics “make sense” It should make
sense to Students, and Students should use math-
ematics to help them make sense of the world.

Systemic Reform Strategy

The dirategy that underlies the curriculum
reforms was based on the notion that, because we
live in a supply-and-demand economy, if the
mathematics community wanted different texts
and tests, a demand would have to be created. To
respond to this challenge, the mathematica sci-
ences community has followed a seven-step it-
erative drategy (see Figure 1).

The steps and the relationships between them
are as follows:

1 Before any plan can proceed, a need for
change must be established.

2 Vison is a key factor. To create a new pro-
gran we must consider values, goas, and
standards. The NCTM standards documents
were designed to fulfill this vison.

3 PFanning indudes invalving everybody in a
system or school in ariving a consensus
about the details of long- and short-range
plans (with timetables) for change. It is a
this step that demand is created.

4 The next step involves identifying specific
glements of the system to be targeted for
change (curriculum materids, ingtructiona
methods, examinations, teachers, technology,
gc) and sdtting priorities.

5 Any sysem depends on suppliers. Schools
must demand that textbook publishers, test-
ing companies, staff developers, teacher edu-
cation programs, and others contribute the
ingredients necessary for the desired changes
in curriculum dements.

6 Then it is time to make the new materidls,
procedures, and programs operational. Draft

materials and procedures need to be tried out,
feedback from this tridl phase matched with
the vison and the plan, and revisions made.

7 Findly, a product (a curriculum, an instruc-
tiond procedure, assessment materials) is
developed. Quality should then be judged in
terms of what students are able to do (the ef-
fect of the curriculum, procedure, materials)
and whether this meets society’s needs.

Design Principles

The following five principles are a conse-
quence of my experience from directing the de-
velopment of Mathematics in Context (MiC; Na-
tiond Center for Research in Mathematicd Sci-
ences Education & Freudenthd Inditute, in
press) a new curriculum for the middle school
(Grades 5-8).2

Principle 1. Conceptual domains should be
specified.

The mathematical domains that we expect
dudents to engage must be identified, and a cur-
ricllum then built around those conceptua do-
mains. The domains should be selected because
of their generdity and ability to subsume more
specidized components of the curriculum
deemed desirable for the development of prob-
lem-solving  ahility and quantitetive reasoning.
These domains should not be considered inde-
pendent of each other. Although it is true that
each domain has some unique properties (signs,
symbols, rules), 1 would rather think of them as
the roots of a tree whose trunk involves problem
solving, communication, and  reasoning.

Principle 2. Curriculum units, each of which
takes two to four weeks to teach and each of
which tellsa story, need to be constructed.

Each unit should provide students with an
opportunity  to investigate increasingly  complex
problem gtuations within, and often across, do-
mains. Students should be expected to construct
meanings, interrelate concepts and skills, and use
those meanings in a variety of problem Situa
tions. Each unit should be smilar to a chapter in
a Dickens novel. It should introduce or reintro-
duce the characters to the reader, and there
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Figure 1. Reform strategy steps

should be a new problem situation to be explored
that involves conflict, suspense, crisis, and reso-
lution.

Principle 3. Students should be exposed to the
major features of a mathematical domain as they
arise naturally in problem situations.

Ideas are best introduced when students see
a need or a reason for their use. Promoting the
development of understanding requires an inte-
grated curriculum. Problem situations may in-
clude the historic reasons for the development of
a mathematical domain, the relationship of that
domain to other domains, or the uses of ideas
from that domain in other fields.

Principle 4. The activities within each unit
should be related to how students come to under-
stand a domain.

The activities embedded in these units should
include having students (a) construct relation-
ships, (b) extend and apply mathematical knowl-

48

edge, (c) reflect about their mathematical experi-

ences, and (d) communicate what they know to

others. Research shows that learning with under-
standing can be accomplished if the activities fo-
cus on the following interrelated themes:

1 Modeling, or representing phenomena in the
world by means of a system of theoretically
specified objects and relations (often math-
ematical relations). In classrooms, we find it
fruitful to consider modeling as a cycle in-
cluding model construction, model explora-
tion, and model revision.

2 Argument and standards of evidence, with an
emphasis on promoting students’ skills for
generalization in mathematics.

3 Big ideas, reflecting that student work needs
to be about important mathematical ideas.

4  Equity, consistent with contemporary views
of mathematics that stress that this discipline
is developed in social contexts rather than
the isolated pursuit of “truth.” This view sug-
gests that the very nature of mathematics is



defined communaly, making participation by
al not only afundamentd civil right, but

ds important to the continued vitdity of
mathematics and science to the nation.

5 Assessment, reflecting that classrooms,
schools, and parents need ways of ensuring
that classroom prectices that foster under-
sanding ae, in fact, improving student
achievement.

Furthermore, each unit should both provide
review of prior concepts and skills and lay foun-
dations for concepts and skills to be learned later.
Activities used to teach agorithms should differ
from those used to teach problem solving. Addi-
tiondly, the method of ingruction is likely to dif-
fer. Students might be addressed as a large group
when being exposed to new information and
work in smal groups when conjecturing, prov-
ing, or applying. Some activities may require ex-
ercises requiring repeated practice, whereas oth-
ers may involve a dissmilar array of problem
gtuaions involving varying cognitive structures.
A higher degree of teacher-imposed structure and
control may be desirable for lower-level cogni-
tive outcomes, whereas a greater degree of group
autonomy may ad higher-level cognitive out-
COMes.

Principle 5. Curriculum units should always be
considered adaptable.

All curriculum sequences need to be adapted
and modified in light of what knowledge the Stu-
dents bring to the unit and the context in which
ingtruction takes place. The difference between
the intended and the actua curriculum should be
apparent. What actudly occurs will differ across
classrooms. A unit cannot be “teacher proof.” In-
stead, the program should assist each teacher in
making reasonable adaptations so that the prior
knowledge and interests of the students are taken
into account in ingtruction.

Summary

The design of new mathematics curricula
should be seen as a critical ingredient in the cur-
rent systemic reform movement. New curriculum
materials are a necessary, but not sufficient, com-
ponent in changing schooling practices.

Notes

I The three standards documents published by the
National Council of Teachers of Mathematics are
Curriculum and Evaluation Standards for School
Mathematics (1989), Professional Standards for
Teaching Mathematics (1991), and Assessment
Standards for School Mathematics (1995).

2 The development was funded by the National Sci-
ence Foundation and created with the help of staff
from the Freudentha Indtitute a the University of
Utrecht, The Netherlands.
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The Role of Teaching and Learning in Systemic Reform

Christopher  Dede
Senior Program Director
National Science Foundation

To reach the next stage of large-scale reform,
research-based answers are needed to the follow-
ing types of practitioner questions about teach-
ing, learning, and the ingtitutiond and societa
context of schools.

Pedagogy and Assessment

What evidence supports claims that innova-
tive pedagogies such as congtructivism and Situ-
ated cognition are important complements to
conventiona,  assimilation-centered  ingtruction?

How can learners collaborative performance
on authentic tasks be assessed without spending
s much time and effort on evauation that teach-
ing and learning are adversely affected?

What additiond types of skills and knowl-
edge do teachers need to implement these alter-
native approaches to indructiond design and as
sessment? What role does educationa technol-

ogy play?
Content and Curriculum

What evidence supports claims that
standards-based curricular  content  better pre-
pares students for 2 1 s century employment and
citizenship? How can information technology
expand the spectrum of topics taught in the cur-
riculum and convey complex materid to a
broader range of learners earlier in their school-
ing?

How can disparate pieces of innovative con-
tent developed by various projects be integrated
into a seamless curricular framework that meets
emerging national content  standards, employers
expectations, and requirements for entrance into
higher education? For example, how can new
types of SMET content that information technol-
ogy makes accessible be interwoven into the cur-
riculum?
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Information Technology

What types of computing and communica
tions equipment in schools should complement
the information infrastructures emerging in  work-
places, homes, and communities?

What innovative financing strategies and re-
dlocations among existing expenditures can edu-
cators use to fund technology-related expendi-
tures (i.e, initid infrastructure, software, profes
sional development, maintenance and ongoing
costs, depreciation)? What other types of policy
initiatives can enhance wise usage of educationa
technologies?

Enhancing Learning Outside of Classrooms

How can educators encourage al stakehold-
ersin high qudity schooling (eg., families, bus-
nesses, public socia services, communities, the
media) to assume shared responshility for stu-
dents' learning and to act as partners in educa-
tiond improvement? What role can communities
information  infrastructures play in this process?

Management of Schooling

What types of dterations in organizationa
functioning (eg., time schedules, flows of infor-
mation, responghility, and authority; resource
digtribution) are required to support these new
models of curriculum, teaching, learning, assess-
ment, professona development, and schooling?
How can information technology advance this
shift?

Wha additional types of skills and knowl-
edge do administrators need to effectively man-
age such an organizational structure? What evi-
dence supports claims that these dternative mod-
els of educationd management are affordable
and  sustainable?



Professional Development

Beyond those practitioners fluent in innova
tion, what types of professona development can
motivate and prepare typica teachers and admin-
istrators to master these new models of curricu-
lum, teaching, learning, assessment, and school-
ing? How can information technology ad in
these  efforts?

How can the recruitment and preparation of
presarvice educators maximize the quaity of hu-
man resources entering the professon and en-
hance ther ability to implement these innovative
educational  approaches?

Equity

Given growing diversty in the learner popu-
lation and increasing imbalances in the resources
students can access outside of classrooms, how
can educational opportunity be maximized for
every type of learner?

How can potentid scientists, mathemati-
cians, engineers, and technologists from histori-
caly underrepresented groups be encouraged and
supported to enter these professions?

Policy

What policy frameworks at the locd, State,
and nationa levels best support these new mod-
els of curriculum, teaching, learning, assessment,
professiond  development, and  schooling?

When educators provide an excellent cur-
riculum, powerful instructiona technologies, ex-
emplary teaching and assessment, and support
for learning outsde of school, what kinds of
learning outcomes should be the god for Student
peformance a various developmental levels?

What evidence can practitioners give
policymakers and the public that providing the
financing required for this dternative modd of
education is a wise investment of America’s re-
sources?

Through applying the results of research
testbeds exploring innovative drategies that ad-
dress these issues, practitioners can make in-

formed decisons about educational reform. Of

course, many intermediate questions must be ad-
dressed by researchers, designers, evauators, and
policy andysts to build the knowledge required

to generate responses for practitioners.

For example, innovative ways to measure the
outcomes of reform efforts are needed. New
methods of data collection and presentation must
be developed to capture the changes underway in
U.S. school sysems. As one illugtration, the
Third Internationa Mathematics and Science
Study (TIMSS) included new measures of cur-
riculum, classroom practices, testing practices,
and teacher performance. Through initiatives that
adapt and extend the methods applied in this
study-and other indicators projectsto the full
range of educational innovation efforts in the
U.S, researchers can help policymakers reach
informed decisions about aiding systemic reform.

Researchers must also go beyond the typica
Questions educationd innovators now ask to
frane emerging issues centra to reform. Often,
practiioners are unaware of opportunities poten-
tidly available to them. For example, accoun-
tants in the late 1970s did not foresee the advent
of gpreadsheets, yet this information tool revolu-
tionized the knowledge, skills, and organizationd
Sructure underlying financid management. Smi-
lar “targets of opportunity” that research should
explore today include methods by which learners
can engage in self- and peer-assessment, ways to
teach complex content earlier in the curriculum
to a wider range of students, and strategies for
developing curricular  standards  beyond
discipline-based ratification of content and  skills.

Continual, rich didogue with practitioners is
important in ensuring that educators are not Sm-
ply passive recipients of research insights, but
dso ative contributors in formulating, selecting,
and implementing these studies. Only through
collaborative interaction with practitioners can
researchers generate findings that are useful for
systemic reform and build the intellectua capac-
ity of this community. Inculcating in educationd
innovators a sense of “ownership” of research
dudiesis vitd in enhancing the dissemination
and acceptance of thelr results.
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The Nationd Commission on Teaching and
America's Future, the Nationd Foundation for
the Improvement of Education, and many other
organizations and individuds are cdling for
changes in professiona development. Recom-
mendations range from reinventing teacher
preparation and professional  development to the
establishment  of professona  development  cen-
ters and learning networks that transcend typical
school  boundaries.

The Wisconsin Academy, a nonprofit mem-
bership organization, has been involved in dtaff
development for over twenty years. Staff devel-
opment activities of the Wisconsin Academy are
characterized by (1) collaborative involvement of
the broad educational community, agencies, and
business, (2) emphasis on adult learning prin-
ciples, (3) emphasis on participants as profes-
sonds, and (4) long-term contact with partici-
pants that provides continued encouragement to
become involved in leadership postions as well
as professona activities. This paper describes
three current efforts, al of which are supported
in pat by the Nationd Science Foundation

Teacher/Student Model
Field Investigations: Research by Science Teach-
ers (FIRST)

FIRST, now in its seventh year, involves 35
to 40 teachers and their students each year in
field research under the overal guidance of field
research scientists. The concept is not new. Ealy
studies indicated that teachers without research
experience did not perceive research as practic-
ing scientists did. NSF initiated the Research Par-
ticipation Program (RPP) in 1958 in an effort to
provide teachers with research experience.
Evauations of the RPP projects indicated a high
percentage of paticipants could do quality re
search and did change their perception about the
process of science.

FIRST has dso found that active engagement
in solving real research questions has made a dif-
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ference in teachers content knowledge and their
teaching practices as well as their perception
about the process of science. It differs from other
RPP projects by actively engaging the participant
and his or her students as a research learning
community. FIRST aso differs in that the field
sientists involved represent a wide array of
agencies and research indtitutions as well as aca
demic  speciaties.

While the external evauations have docu-
mented success, including the increased profes-
sond involvement of participants, there is no
long-term study to determine whether there is
sustained change in teaching behavior. Equally
important, there is no long-term study to deter-
mine the impact on participating students. The
new NSF ESIE program, Teacher and Student
Development  through Research  Experience
Projects, may'provide some data over time.
FIRST, like the newly established NSF program,
is a one-teacher-at-atime model and would be
difficult to scale to a sgnificant number of teach-
es or schools.

School Team Model (teacherg/principal)
Field Experiences for Science Teachers (FEST)

FEST has three primary goas. increased
knowledge of geology and ecology; developing
positive attitudes toward science teaching and
learning; and implementation of science stan-
dards. Teams from six elementary schools are
selected. Each team consists of the principal and
from four to six teachers self-selected across
grade levels. Field geology and ecology concepts
are developed through a constructivist approach
as teams vist Wisconsn sites that exemplify the
concept. Teams are guided through a
standards-based review of their current earth and
environmental  science curriculum and work to
supplement curriculum to meet standards not ad-
dressed.

Externd evauations have documented in-
creased content knowledge. Pre-post results of an



efficacy bdief instrument are “nothing less than
amazing” according to the evaluator. Teacher
evaluations have placed standards development
a a maor highlight of the project. Evauations
have aso shown that it is extremely important to
have the principd involved on equal dtatus as a
participant with the other team members. It is
aso important to have a team that represents a
criticd mass from the school, as well as involve-
ment of more than one grade level.

While successful in causing school change,
FEST represents a one-school-at-atime model
that would be difficult to scale to a level that
would involve a sgnificant number of schools.
There is no long-term study in place to determine
whether change is sustained. While the efficacy
indrument has indicated dramatic change, it is
not clear what factors were involved in causing
the change.

Large Scale, Bottom-Up Staff Development
Wisconsin  Academy Staff Development Initiative
(WASDI)

WASDI is a coordinated statewide dissemi-
nation of a K-12 daff development program to
improve science, mathematics, and technology
education. WASDI congsts primarily of two
components;  Establishment of ten academies
geographicaly located throughout  Wisconsin,
and a Lead Teacher Indtitute to prepare change
agents and facilitators for the summer programs.

The model is based on the successful Cray
Academy. The Cray conducts two 1 -week ses-
sions each summer, each of which provides par-

ticipants a choice of thirty I-hour hands-on work-

shops in science, mathematics, or technology.
The Cray Academy developed over seven years
based on teachers needs and concerns. (1) work-
shops that teachers identify as needed, (2) practi-
cd information; (3) peer-based ingtruction; (4)
one-week experiences that dill provide summer
time for other activities; (5) workshops held in a
familiar gte, such as a school; and (6) workshops
within easy driving distance with good parking
S0 that teachers can return to their families in the
evening. External evaluations document that
teachers have changed attitudes, gained new in-

sghts, and significantly increased the amount of
hands-on activities used in therr classroom.

Collaboration in program development is an
important part of the dtatewide model. Ste direc-
tors meet regularly to share experiences and di-
rections. They are aso electronicaly linked. As
part of the model, each academy ste aso devel-
ops a local board of directors consisting of repre-
sentatives from business, education, and agencies
to provide guidance and oversight.

In 1996 over 1,800 teachers participated at
gight different Wisconsin sites. To conduct the
large scae program involved in-kind and cash
support from fifteen universities and colleges,
over 200 businesses, severa foundations, and
over ten associations and agencies.

Interndl and external evaluations have been
postive. Questions, however, remain. While the
project knows what will draw teachers, it is not
known why most teachers elect not to participate.
Answers could lead to better designed opportuni-
ties. Business and funding agencies desire data
relating to student performance. Since Wisconsin
does not have a state curriculum or te, it is dif-
ficult to show systemic effect as determined by
improved student performance.

The second phase of the WASDI project in-
volves working with 60 kindergarten through
twelfth-grade teachers selected each year to be-
come change agents in their school and the State.
They dso serve as primary ingructors for the
summer academies. The Lead Teacher Ingtitute
provides seven weeks of activities relating to ar-
eas such as curricula, nationd standards, the
change process, and presentation skills. The ap-
proach is collaborative and reflective with the
paticipants proactively involved in the dtaff de-
velopment process and program.

A sgnificant part of the Lead Teacher Ingti-
tute is the on-line learning community using
conferencing software. Nine Lead Teachers were
selected to facilitate on-line focused discussions.
Primary conference sessons include mathemat-
ics, science, and technology education. Current
conferences on congtructivism, leadership, tech-
nology, and politics may change as interests or
action research questions develop. A private
mailbox is adso available for each participant. In

53



the course of one year participants have been on
line more than 25,000 hours.

The extend Inditute evaluation found that
the Lead Teacher experience appears to have
been particulaly good a helping the leaders

Susan Loucks-Horsley

crystalize their conception of the role they will
play as a leader and to provide the confidence
and authorization/recognition necessary to imple-
ment that role.

Center for Science, Mathematics, and Engineering Education and WestEd

The purpose of systemic reform is to im-
prove student learning, which cannot be accom-
plished without excellent teaching. It is not a sur-
prise, then, that professona development plays a
critical role in the success of systemic reform, as
it directly influences the qudity of teaching and
learning in science and mathematics classrooms.
This paper draws on my experiences in designing
and conducting evaluations of professond de
velopment in the context of sysemic initiatives
a locd and date levels, in providing technical
assistance to professional developers, and in cap-
turing the experiences of seasoned professiona
developers in a book on best practice. In the pa
per | sketch briefly (1) what | believe we know
about the role of professond development in
systemic reform and (2) what we dtill need to
learn.

What We Know

1 It is a long distance from the policy level
to the <udent, andprofessonal development is
on the way. In my new role as Director of Profes-
sional Development and Outreach for K-12 a the
Nationd Research Council’s Center for Science,
Mathematics, and Engineering Education, | have
the task of overseeing the Center's efforts to
“disseminate” the National Science Education
Sandards (Nationa Research Council, 1996). It
IS a constant source of amazement how many
people think that you can literdly give the book
to teachers and expect them to use the Sandards
in their teaching. These standards are a product
of a national consensus, the many sets of dtan-
dards developed a other levels of the system
(eg, by sates and digtricts) similarly result from
broad consensus. Their intention has never been
to be “implemented” directly, but to guide a
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system’s design for what educators expect of and
how they work with students.

Bybee ( 1996) describes a schema for system
change that applies equally well for mathematics
reform as it does for science reform; it includes
changes in purpose, policies, programs, and prac-
tices. According to this schema, purposes relate
to the general agreement on the need for science
and mathematics literacy for dl; standards are
the policies that guide education toward those
purposes. But in order to move to sudents, pro-
grams need to influence practice, which is the
only way that students will have different and
better opportunities to learn. This is where pro-
fessional development enters the picture. Profes:
sona development is one of the critical links in
this chain, one that can take purposes and poli-
cies and influence student learning through its
impact on teaching.

We have learned that there is a great distance
between systems and students. Although there
are many routes that may be chosen (eg.,
through new assessment, curriculum, or instruc-
tiona programs), professona development is a
required stop aong the route. For sSudents to
reach the goals to which the system aspires,
teacher learning and change are essentid.

2. Investment in people as the primary agents
of change is critical. Many proponents of sys-
temic reform concentrate on the need to change
policies a the state and loca levels. Their vision
came in part from the Caifornia experience of
the 1980s and early 1990s, when the state began
to enact a vision that put into place the critica
elements of state frameworks, assessments, cur-
ricllum adoption criteria, and professona devel-
opment (Honig, 1990). As other dtates enact this
policy-level focus, they would do well to exam-



ine the Cdifornia situation carefully, as it has
evolved. At this point, many of these criticad ee-
ments are ether logt (i.e, the state assessment) or
being threatened (e.g., some of the dtate frame-
works). Policies are as good as the politics that
help them get established-they may have a shelf
life only as long as a current administration.
What is encouraging in Cdifornia is that the
teachers and other educators who have “grown”
this reform, not as much from the grassroots but
from the developing infrastructure, are keeping
the reform dive and well in many locations. The
infrastructures are the statewide professiond de-
velopment networks, two of which have been
supported through the NSF Statewide Systemic
Initiative (SSI), the Mathematics Renaissance
and the Cdifornia Science Implementation Net-
work, and others as well, such as the Cdlifornia
Subject Matter Projects. The investment in
people through professionad  development  that
has been made by these projects has created a
srong fabric that is resistant to change, people
whose teaching can never return to prereform
practices, and who can articulate what is impor-
tant and why. In evauating the Cdifornia SS,
we have seen what we cal “inside-out” systemic
reform, i.e, changes in the system that result be
cause people are changing and are influencing
the structures, procedures, and, in some cases,
the policies that guide teaching and learning
(Aquardli & Mumme, 1996). Of the severd hun-
dred schools and thousands of teachers who have
been touched by the two SSI networks, we have
hundreds of examples of network teachers and
adminigtrators taking on new leadership roles
within buildings and digtricts (e.g., teachers be
coming principals and curriculum  Supervisors,
principls and teacher leaders becoming assistant
superintendents), in their locad and dtate profes
siond associations, and as members of state and
locad committees whose role it is to make cur-
ricllum, assessment, and instructiona  decisions.
We have documented dozens of instances of
these mathemdtics and science initiatives influ-
encing changes in other content areas in schools
and digtricts, the nature of professond develop-
ment offered by county offices and higher educa
tion inditutions, and teacher preparation pro-
grams, both on campus and in clinical settings.

Mogt interesting, perhaps, is the statewide influ-
ence of these professional development networks
on assessment and standards development. For
example, when CLAS, the new performance as-
sessment system, was canceled by the governor
in 1995, a collaborative of didtricts facilitated by
science  professiona  developers was  determined
to have the kinds of testing program for students
that CLAS had offered. Through their collabora
tion, the CLAS test was revised for use in dis
tricts and schools last fal, and an NSF-funded
project began a the same time to develop similar
tests for the state and other interested systemic
initiatives. Another example is the writing of
Staie-mandated science standards, taken on vol-
untarily by the codition of dtate professiona de-
velopment projects, once again determined not to
lose the essence of the reforms for which they
had worked so hard.

Fullan (1993) emphasizes the importance of
al educators being change agents, that it takes
people to make change. In a newer article (1996)
he “turns systemic reform on its head,” arguing
for the very people-driven networks that we are
seeing stay the course of reform in Cdifornia
Cdifornia serves as a warning to those systemic
initiatives who have relied heavily on thar policy
initiatives and neglected the building of strong
networks dedicated to professiona learning a
the individua and school level. They say that it
takes a village to raise a child; it takes the people
in it to educate the child. As Cdlifornia may have
been' seen early as a prototype for systemic re-
form, it may aso be a proving ground for how to
sustain reform when there is turbulence in the
system. That people and their traditiona strate-
gies last tenacioudy through policy changes has
been a curse of many reform initiatives. That
people, once changed, can in fact reman
changed may turn this curse into a blessing. Pro-
fessional development may sustain systemic re-
form when change a the system level fails.

3. The professional development needed by
systemic reformisnot the same kind as sup-
ported change initiatives in the past. The new
paradigm for professional development that Den-
nis Sparks firg caled to our atention in 1994 is
not about onetime, oneteacher-a-atime,
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expert-driven  workshops or ingtitutes held for
teachers far from their schools and classrooms.
Professional  development for systemic reform s
larger in:
' gde (i.e, it serves more people in a wide
varigty of roles),
scope (ie, it pays atention to more elements
of the sysem, eg., curriculum, assessment),
and
duration (i.e, it is intensive and extends over
time). )
It has many of the characteristics of effec-
tiveness identified through research and in the
practice of experienced professiona  developers,
such as collaborative work, expertise derived
from research as well as expert practice, an em-
phass on content understanding, and continuous
evauaion (see a synthesis of the nationa stan-
dards related to professona development by
Loucks-Hordey, Stiles, & Hewson, 199). Fur-
ther, like teaching, professonad development is
dynamic. Bather than selecting from an estab-
lished set of models to support professiona
learning, professional  developers who  success:
fully dedgn inititives in the interest of sysemic
reform use a decision-making process that in-
volves identifying their gods, understanding
their context, and cregting a unique combination
of specific leaning drategies that is tailored to
thelr initiatives. A design model and 16 dtrategies
derived from best practice in professiona devel-
opment design have been aticulated by the Na
tiona Ingitute for Science Education's Profes-
sonad Development Project  (Loucks-Hordey,
Hewson, Love, & Stiles 1997).

4. A drong infrastructure and deliberatet
developed capacity for change are needed to
support the people and change the paradigm. For
educators in large numbers to learn about, try
out, and maintain changes in ther practice re-
quires a support system with a shared vision of
teaching and learning, such as those visons a-
ticulated for mathematics and science in the na
tiona standards (NCTM, 1989, NRC, 1996), but
with greater attention to creating shared images
of what the vison looks like in practice-in the
classroom interactions of teachers and students,
in ingdructiond materials, in Student work and
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assessments. The support system is staffed by
people whose job it is to introduce, facilitate, and
support change in the direction of the vision.
These people have demonstrated skill in teaching
young people as well as the abilities to address
the learning needs of adults and build profes
sond networks, both indde and outside of
schools, to support ongoing learning (Lieberman
& McLaughlin, 1992). They have a keen knowl-
edge of the change process and how to work with
people at different stages of change (Hal &
Hord, 1987); skills in communication, problem
solving, decison making, team building, and
time and task management (Fullan, 199 1); and
the ability to use pressure and support appropri-
ately (Louis & Miles, 1989).

Effective infrastructures build capacity for
ongoing change a the locd level through design
and use of a variety of professional development
Strategies that help teachers change their prac-
tice, through support of collaborative work inside
of schools to support individua change and de-
sign and implement programs of sudy, and
through building capacity for leadership in vari-
ous members of the school and community (Friel
& Bright, 1997).

5. Professional development must pay careful
aftention to content knowledge. With a renewed
focus on concept development as a valued out-
come of science and mathematics education,
teachers are no longer able to “cover” for lack of
preparation in the area they teach (which assign-
ment is usudly not their choice): Shulman's
(1987) work in defining and explicating the term
“pedagogica  content  knowledge” has added a
new and criticd dimension to professona devel-
opment. Whereas generic professional  develop-
ment (eg. leaning generic teaching skills such
as cooperative learning, effective ingtruction, and
Questioning techniques) was a halmark of the
1980s, we have learned the keen importance of
teachers knowing how to teach particular con-
tent-understanding the conceptions students are
likely to hold about certain mathematics and ci-
ence concepts, what students of a certain age are
developmentdly able to learn, and what ex-
amples, analogies, and representations help them
learn it. Such knowledge is difficult to learn in



preservice education, and is often the province of
the experienced expert teacher (Shulman, 1987).
This need for learning from a master teacher un-
derlies the use and success of mentor and advis-
ing teacher programs (Shuhnan & Colbert,
1990).

6. Indructional materials can play a critical
role in teacher as well as curriculum change.
Most educators think of teaching and curriculum
as two different components of the system, but
we ae quickly learning the power of materias to
help teachers learn (Loucks-Hordey et ., 1997,
Friel & Bright, 1997). Materids developed to
teach students important concepts and skills rep-
resented in nationd standards, with teaching
drategies that address a constructivist view of
learning, help teachers try out new behaviors and
experience for themselves what new forms of
teaching look and feel like. In particular, teachers
can see how these approaches work with stu-
dents. Two professiond development strategies
use curricllum materials to support teacher
learning (Loucks-Horsley e a., 1997). The first
is curriculum implementation, in which a st of
ingtructional  materials is selected, teachers learn
how to use them, try out the materids, reflect on
their experiences, and are supported over time to
refine their use. The second is curriculum re-
placement (Burns, 1995), in which teachers try
out a unit that embodies new teaching perspec-
tives and dtrategies and document and discuss
thelr experiences in order to “try on” new ways
of helping students learn. Both strategies promise
to influence both how teachers teach and the ma
terids they use to do so.

7. Professonal development and organiza-
tional development must be inseparable. The
largest professional  association devoted to  staff
development, the Nationd Staff Development
Council, defines professonal development as in-
volving both individud and organizationd deve-
opment, because we know that individuas are
unlikely to sustain what they learn when their
organization does not support them to do so. It is
one reason why the “last wave of reform” in sci-
ence education, which provided opportunities for
individual teachers to attend summer ingtitutes

away from their schools and districts, fell far
short of its potentiad to change teaching and
learning in substantiad ways. For teachers to
change what they do with their students, the or-
ganizations within which they work must change,
in two ways. Fird, ther schools and didtricts
must support teachers changes (eg., provide ma
terids support and time for collaborative plan-
ning and reflection; focus teacher evaluations on
the changes). Second, the organizations must
themselves become learning organizations, valu-
ing experimentation and collaboration, encourag-
ing deep examination and anaysis of teaching
and leaning, and cresting opportunities for ex-
tending and enhancing practice (Senge, 1990;
Shanker, 1990). Such schools, described by
Rosenholtz (1989) as “learning enriched” are
characterized by high levels of student as well as
adult learning. Without organization develop-
ment, individua teachers are unlikely to sustain
their learning; with it, not only do teachers learn,
but their students do o as well.

What We Need to Know

Professional  development is a field in which
“definitive research” on what is effective does
not exist (Frechling et d., 1995). Like teaching,
it is too complex to understand by asking smple
questions, it is highly influenced by factors out
of control of ether the professiond developer or
the researcher; and its success depends greatly
upon the goas and context, which are idiosyn-
cratic to a given situation. The ideas discussed
above capture what | believe we know; they have
come from a combination of research, literature,
and the “wisdom of practice” In each case, we
have some evidence, but we need closer study,
some more existence proofs (i.e, examples of
where and how these things work) to increase our
cetanty. As works-in-progress, professona de-
velopment efforts lend themselves to examina
tion. While much can be learned from them to
further the education community’s understanding
of how different factors interact, including the
people, the context, and the passage of time, they
themselves can benefit from ongoing reflection
and feedback. Such examination holds great
promise for increasing our understanding of the
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role of professond development in systemic re-
form.

As we examine current initiatives, here are
some questions | think are important to ask.

1 How can we move from understanding
how individual teachers learn and how to help
them, to how to support the growth of millions of
teachers? Mathematics educators, in particular,
have become very expert a understanding how
teachers learn and what can help them (Ball,
1996). Science educators, on the other hand,
have increased our understanding about what
system components are needed to improve the
potential of success for change (St. John et 4.,
1994). The issue of scaling up, however, is il
perplexing, as aticulated well by Etmore (1996).
We need to learn from the many systemic efforts
currently underway what mechanisms, strategies,
and system elements make learning possible for
such magnitude as al teachers in the nation.

2. What are some ways of using scarce re-
sources well, so that teachers have equitable ac-
cess and opportunity to learn? It is widely ac-
knowledged that, for teachers to make the
changes envisioned in nationd and state stan-
dards, many hours, and aso resources, must be
devoted to their learning. Yet by any melric, there
are not enough resources available to provide ev-
ey teacher in this country the opportunities they
need. Professona  development initiatives could
benefit from understanding the effects and
trade-offs involved in selecting different dtrate-
gies, such as teacher leadership cadres, demon-
dration Stes, and regiona professiona  develop-
ment centers. What resources actualy go to pro-
fessonal development and in what various ways
have they been focused? What are some ex-
amples of leveraging resources and how might
they work in different settings? What are the
relative advantages and disadvantages of
large-scale, less intense dirategies, and those that
go deep with fewer people? How can leadership
development, assessments, and ingtructiond ma-

58

terials broaden the reach and impact of profes-
sonad  development?

3. How do professional developers select
among different strategies, what combinations
seem to work in what Stuations, and are particu-
lar strategies more useful for particular pur-
poses? In our current book, we have identified 16
strategies and suggested that they can serve dif-
ferent purposes (LoucksHordey et d., 1997).
Are there guides to selecting and combining vari-
ous professiona learning  strategies?

4. What outcomes can be expected to result
from professional development programs, and
how can they best be assessed? Thisrdaively
graightforward question is fraught with pitfals
and subject to a multitude of responses. The de-
mand on educators for accountability dictates
that professiona development must have some-
thing to show for itsdf beyond participant satis-
faction. Yet there are many well-regarded argu-
ments for why professond development cannot
and should not be examined for its impact on
some criticd outcomes, eg. student learning
(Hein, 1997). Is this a political question, or can
researchers shed some light on the plausibility of
drawing relationships between a professona de-
velopment opportunity and such variables as stu-
dent learning or teacher behavior change?

5. How can professional development con-
tribute to greater coherence in the educational
system? The recent and ongoing releases of data
from the Third Internationd Mathematics and
Science Study point to the critica importance of
coherence in our approaches and support for
teaching and learning. With either no helm or too
many, teachers are forced to teach too many .
things superfidaly, with minima time for reflec-
tion and improvement of thelr approaches to help
students think and learn more deeply. How can
professional  development help not only teachers,
but educators with broader decison-making re-
sponsibilities, focus and make critical choices
that will ultimatdly benefit sudents?
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| was trained as an ecologist. Jerry Bell d-
ways accuses me of wanting to put everything
together with everything ese, and he's right. I've
recently encountered some other people who aso
want to put everything together with everything
ése. At a presentation to the AAAS meeting |
heard Lee Hood taking about this notion of
wanting to understand mind and consciousness.
Well, you could look a DNA, and individua
neurons, and the connections of axons and den-
drites. But a some point the brain itself takes on
characterigtics that are very different from an in-
dividua neuron. For understanding a some level
you have to basicaly let go of the kind of reduc-
tionist approach that made us al comfortable.

What | want to do is to put on my ecologist’s
hat, put the pieces back together, seek interac-
tions, look for points of high leverage within
complex systems, worry about key systems com-
ponents that are being ignored, and search out
unintended consequences. | was very lucky when
| came into the education arena because | came
into it as someone who was trying to focus on the
“dl,” on the equity side. What that did was force
me to look at the system, because everything that
we tried to do was constantly being thwarted by
the system. We ended up creating entities outside
the system, because we knew we couldn't affect
the system. That experience helped us to under-
sand what we'd have to change if we ever got
control. Spending a lot of time thinking about
everything that you'd have to fix is very vau-
able.

So when | reflect on issues of teaching and
learning in systemic reform, | need to look from
issues of teaching and learning to see how they
fit in systemic reform. That is, I'm going to stand
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on a platform caled “professona development,”
and I'm going to look out a the whole system.
And then | will redly try to come back in on par-
ticular dements.

The first thing | note is that, since teacher
professonad  development is acknowledged as
such a critical need, its place within systemic re-
form is often magnified without clear intercon-
nections to the other key components of the sys
tem. For many people, teacher professiona de-
velopment is systemic reform. But it is not. It is a
necessary, but not sufficient, condition of sys-
temic reform. The connection between teaching
and learning is often logt, with the former swap-
ping the focus on the later. The closer the teach-
ing is to the learning that is expected, the more
successful we are likely to be. The closer the
teacher’'s learning is to the form of the student's
learning, the more successful we are likely to be.
And once we come to that kind of a conclusion
and start to look back at the entire system, we
have to seek leverage points in other kinds of
places.

What other leadership skills and roles in
systemic reform besides direct ingtruction do
we need teachers to play-as brokers, as
connectors to resources, to tools, to commu-
nity, to parents? Wha kinds of things do we
need them to learn other than the pedagogy
and the content? Where do we think they're
going to get these things?

What about the developmenta level of
children in generad? What example is appro-
priate to a particular age? What kinds of ex-
pectations and levels of instruction ought | to



do if I'm trying to get there? What kinds of » Therearethe skills: ingtructional kills, class

things are in between? management  skills, and resource manage-
What kinds of elements of culture, lan- ment sills

guege, interest, etc., do | need to know about = There is the craft of teaching that includes

a particular child to provide for quality in- things like diagnosis. If someone does not

struction? to understand that people who learn something, how do | then determine

come to me have a certain history? While what is operating? And how then do | inter-

curriculum may be something that | do for a vene? How do | draw down those strategies

school, | have to redlize entry points for any that | may have picked up in order to test and

particular child, which may be different for really see?

one child than for another. m  Questions about attitudes and values. On the

knowledge side, we have to expect that we
sart off with the science and math classes
that are provided in the university, but they
can't stop there. Somehow professond inter-
action, journals, meetings, readings, re-
search, efc., continue to keep someone cur-
rent in the knowledge base. We have to ex-

| want to give you a summary of my short list
of concerns.

Professiona  development is necessary but
not sufficient to systemic reform. It is often
equated to systemic reform because the problem
IS so large. Prevention is not yet an element of a
professional  development  strategy. It's true. Pro- pect that. | haven't been in school in a long
fessional development is forever, but we cannot time, and if I'm ill working on the knowl-
wait forever. There is a question about needing to edge | got in school, I'm in trouble.
afect what we do, as well as how we think about o  okijls How then do we get them?
what we do.

There is dso an issue of whether there is

. . The bottom line is th 't th
some kind of an activation energy effect-that © bottom line Is that we cant get there

without partnerships. The partnerships must be of

essentidly you won't see a reaction until some soverd kinds, and they must tend to solve mul-
dosage has been reached--or whether we ought tiple problems a the same time.

to expect continuous improvement. After any- " Teacherscientist partnerships 1o try to help

thing has happened, does the opportunity to actu- dfect h . :
: ; . ect higher education a the same time that
dly use that show some difference in behavior? | we are afecting the quaity of instruction, by

dfr?’t k”OVfV e do ak?oltjt drawfn' th; m(édelds from giving teachers a much more authentic sense
other professions about profession evelop- of what research is

ment. Most programs are incomplete in their fo- Teacherlresearcher  partnerships by giving

cus on content or pedagogy or even both, be-
cause they tend not necessarily to reflect on the teachers a muc_h_greater sense of .What Class
room research is. How do | monitor student

interaction of these with each other and with )

other elements of the system. That is, our views :cgarnlng? tAnﬁ etﬂowldo | become enatc)jlegt tt?\
tend to be much more like studying the neurons, r:glﬁ[e OUGW&tiVZ7 am on Course an €
as opposed to understanding that we have created gt persp '

a system that is different in its entirety and in " Teacher/parent or other adult in the commu-
toto. nity partnerships to get me to the pomtlwhere

| looked a the list of things thet a teacher 7 drstand the partciars of 2 dild, o
would realy need to know, and | was boggled by the sas of interedt that thet child hiappens to
it because it's an incredible lig. bring to the learning environment.

» There is the specific content itself, and how
it relates. The concepts-how | think about

inquiry.
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Systemic reform is about cregting teaching
and learning environments that can change whole
systems. | want to tak about how we might treat
our educationd systems as learning organiza
tions.

Let mefirst define a“learning organization.”
This labdl is hot in business circles, but not o
much in our educationa circles. | have a very
commonsensical  definition, in fact, one that's
borrowed from some of the leading school dis-
tricts that 1've been working with in the past sev-
ed years. A leaning organization is, quite sim-
ply, one in which it is assumed that there will be
regular improvement against clear performance
criteria for everybody in the system. Not just stu-
dents but aso teachers, professionad developers,
principals, supervisory personnel, and school su-
perintendents-everyone must continualy im-
prove their performance.

That's number one for a learning organiza-
tion: Regular improvement against clear perfor-
mance criteria. That means there must be very
clear expectations for everyone in the system,
and very credible evaluations against those crite-
ria

Second is the assumption that everyone can
improve; everybody can learn. All children can
learn, al teachers can learn, school principas
can learn, school superintendents can learn. You
can go up the ladder, and horizontaly as well—
to include professona developers and others
who work in the system. The idea that everyone
can, and must, learn is key to the genera shift
that | have been arguing for-away from our
hundred-year-old education system based on as
sumptions of aptitude and toward one based on
assumptions  about  effort.

Aptitude: we al live with it because the edu-
cation system we have inherited assumes it. We
use 1Q tests or their surrogates. We assume that
there are gifted and talented students and some
other “ordinary” ones who can't lean so well.
We assume that there are those with learning dis-
abilities, meaning that somehow they're not
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learning up to their capacity-presumably some
inherited  capacity.

There is an dternaive to this aptitude-based
way of thinking. It's an dternaive tha is the un-
derlying assumption in some of our subcultures
and aso in severa other countries of the world.
The dternative assumption is that directed effort
by learners and teachers can actualy create tal-
ent. | cal that an effort-oriented system. A turn to
effort instead of aptitude means working on the
assumption that everyone in the system actualy
can get smater a what they're doing.

Findly, alearning organization is one that
provides continuing high quaity opportunity to
learn. That means providing the best possble in-
struction—enough of it so that everyone can
meet the expectations even though some might
take longer than others. Consider, for example,
what could happen if dl of our Title I money
were spent on Saturday and summer opportuni-
ties instead of pullouts. Think of how much extra
learning opportunity some of our children might
have before they reach the age of ten or eleven.
On a conservative estimate, they could have an
extra year of school, without being held back, by
just adding an hour a day during the week and
haf of Saturday.

We must think in terms of learning organiza:
tions, hence educationa systems. You can, if you
like, define your system as a Single school-as in
the case of charter schools. Even then, you must
think organizationdly, for nobody istaking
about every individua child opposite Mark
Hopkins on the end of a log. Just as organizations
are made up of al the individua people in them,
so people al work within some kind of socid
sructure-a system. | think of a system of educa
tion as congsting of its expectations, its forms of
assessment, its ways of recognizing accomplish-
ment and its learning opportunities-and, of
course, its people.

We can ask four questions about any layer of
the system. First of dl, who is the student? Sec-
ond, who is the “teacher‘-the provider of learn-
ing resources, the organizer of the learning envi-



ronment aS Well as, perhaps, a dispenser of spe-
cific pedagogy and knowledge? Third, what are
the expectations and evauaion instruments? |
don't mean tests necessarily, but we do need to
know how expectations are conveyed, and how
people are assessed against those expectations.
Findly, what are the externd congtraints and
enablers?

The answers to these questions are al pretty
clear when we think of the classroom as the unit.
In that gStuation the kids are the students, the
teacher is the provider and organizer of the learn-
ing environment. The teacher probably does
some direct ingtruction, but he or she aso orga-
nizes al kinds of resources for learning: instruc-
tiona materials, laboratories, externd resource
teachers, outside contributors such as companies,
community. We've got the students and the
teachers clear a the classroom level.

Today we even have a pretty good sense of
the expectations for classrooms, in the form of
standards, especialy if they're expressed as per-
formance standards-describing precisely the
kind of work students must do and wha a “good
enough” piece of work looks like. Expectations
become even clearer if they're expressed'in terms
of examinations or other assessments that clearly
embody the standards so that you can teach to
them. So far, the picture for classrooms looks
pretty clear-cut. We know who is involved and
what they need to do for maximum learning.

But complexities arise when we think about
dl the externd congtraints and enablers that im-
pinge upon classooms. Lo and behold, they turn
out to mosly fee like congraints. There's the
principa in the school building. Is he or she of-
ten viewed as an enabler? There are the union
reps in the school building. Are they often
viewed as enablers? What about the other teach-
ers-gpart from the few that went with you to the
gpecial  summer academy? What about the school
climate as a whole? What about the parent com-
munity or the loca school board? We tend to
view dl of those as congraints on the good work
we want to do.

Let's see if we can't change that picture.
Let's think now of the school as the organiza-
tional unit. There is lots of evidence that working
only with individua teachers, including lead

teachers, doesn't gtick. That is, it is only when
whole schools are involved in a reform process
that red change, in terms of improved student
achievement over time, begins to show through.

Take my four questions: Who are the Stu-
dents if we take the school as the learning organi-
zation? They're the teachers; the teachers are the
students. Who, then, is the teacher? If we take
my definition of a few moments ago of teacher as
the person who organizes a whole environment
for learning, it's the school principa. The school
principa can set up or hinder a learning organi-
zdion in a whole school-using training pro-
grams, mentoring systems, professona  develop-
s, locad universities, and other resources. But
compare the paucity of materids and help avail-
ale to the school principa in playing that role
with the richness of materias for kids.

What about expectations and evauations for
school learning communities? Standards are now
being put into place and becoming more and
more clear for kids. But for teachers there's basi-
caly nothing between basic licensing criteria and
the Nationad Boad for Professona Teaching
Standards. That doesn't add up to a powerful set
of tools for a leaning organization. We're miss-
ing a whole layer of tools for communicating ex-
pectations about teacher performance and assess
ing that performance in ways that support contin-
ued learning and improvement.

Wha about the externd congraints and
enablers on school organizations? Again, we find
mostly constraints. There are the same ones | just
mentioned for classooms district and dtate poli-
cies, unions, eic. But the higgest congtraint is that
there are too many things other than creating a
learning organization that the school principd is
responsible for. If you interview most school
principals, follow them around, you find that the
learning and teaching performance of their aff
is not their primary daily concern. They do not
spend their days actively thinking about teacher
learning. That is not what they were trained for;
it is not what they were selected for; and it is not
what they (mostly) do.

Now push up one more level to the school
digtrict. Since we've just seen that the principd
is critical, where is the principa going to lean?
What is the learning organization for the school
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principa? It ought to be digtrict leadership or
some kind of regiona leadership opportunities.
Very few of these exist, and amost none of them
focus on teaching and learning, especialy in
math and science. What are the expectations and
evaluation tools for school principds as ingtruc-
tiond leaders, that is, as teachers? Virtualy ab-
sent.

Why is this s0? What are the congtraints on
the digtricts becoming such leaders? Very inter-
esing. There are surprisingly few congraints,

and these are mogtly in the heads of digtrict lead-
ership. In virtudly every dtate, amost every bu-
reaucratic rule can be waived. Yet there are
hardly any requests for waivers coming into most
dtates. The same is true for federal regulations:
hardly any requests. In other words, we aren't
taking advantage of the opportunity to create
teaching and learning organizations al the way
down, and &l the way up.

That's something we should work on. It is
something we have the tools for now. Let's begin
to use them.

The Role of Evaluation in Systemic Reform

Thomas B. Corcoran
Consortium for Policy Research in Education
University of Pennsylvania

What Is Systemic Reform?

Systemic reform as defined by scholars,
policymakers, and funding agencies is an ap-
proach to school reform that views the policies
and actions of government-school digtricts,
dates, the federd government-as the critical
levers for improving the performance of public
education. The centrd argument is that, if gov-
ernments set standards for student performance
and adopt aligned policies for curriculum, assess-
ment, accountability, and governance, educaors
will dter their practices, and performance will
improve. This reasoning distinguishes  systemic
reform from other reform dtrategies that rely on
the cregtion of markets, the professondization of
teaching, or the work of volunteer networks of
schools or educators as the critical forces for re-
form.

Proponents of systemic reform believe the
performance problems of public education are
primarily the result of low standards, incoherent
and fragmented policies, and poor use of re-
sources. Hence, they advocate higher standards
and more robust and more coherent policies that
send clearer and more compelling signals to edu-
cators, students, and parents about what is ex-
pected. The core policies addressed by systemic
reform are often referred to as drivers or some-
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times as the ingructional guidance system. Typi-
caly they include content and performance stan-
dards, aigned assessments and curricular frame-
works, an accountability system with rewards
and sanctions, changes in teacher development
that enable teachers to prepare students to meet
the new dstandards, and decentralization. In some
versons of this approach, schools performing
well will be rewarded, and those that fail to make
progress will be subject to a variety of sanctions.
Advocates aso propose reducing the regulations,
bureaucracy, and policy incoherence that might
impede reform and decentraizing decisions
about how to best meet the standard (Cohen,
1995). In short, systemic reform seeks to make
the system more rational, more coherent, more
focused, more efficient. The approach is aso
sometimes  caled standards-based reform.
Systemic reform has obvious apped. Its fo-
cus, comprehensiveness, and specificity  promise
a more powerful strategy than the school-by-
school approaches of the networks and a fairer,
more orderly one than the markets envisioned by
the choice advocates. Its logic is so compelling
that its adherents often act as though it were a
proven formula that could guarantee success. The
only question of interest to the most committed



enthusiasts often seems to be how to persuade
reluctant state and local policymakers or educa-
tors to comply with the postulates of their theory.

In fact, systemic reform is a persuasive, but
unproven, general theory of action. It is a generd
theory because it provides only a broad and
rather abstract framework for policy design. It
must be adapted to tit particular political con-
texts. As a consequence, the specifics of enacted
theories of systemic reform vary from one setting
to another. For example, consider the variations
in the standards set by states and by localities. Or
the variations in the content and form of the as-
sessments used. These variations raise questions
of interest to an evaluator. What are their conse-
quences for practice and performance? To what
degree can systemic reform be customized to a
particular politica setting and Hill be systemic?

| refer to the theory of systemic reform as
unproven because as yet we have little empirical
evidence to support the efficacy claims made by
some of its advocates. We can draw some limited
inferences from effects of the basic skills move-
ment in the 1970s and 1980s and from the impact
of smilar approaches in other countries. And the
ealy data from Kentucky are promising. But the
empirica support for systemic reform remans
thin. Some advocates seem to confuse evidence
documenting the problems they fed are centrd
(eg., lack of sandards, fragmentation, eic) with
evidence of effectiveness. They are not the same
thing. And little is known about the importance
and relaive efficacy of the various components
of systemic reform. Are they equaly essentid?
Is high stakes assessment needed to create incen-
tives for improved performance? Are incentives
needed for students? Is devolution of authority
necessary to achieve the desired results? These
ae dso questions of interest to evauators.

The effects of systemic reform under varying
conditions adso need examination. Is fiscal equity
a prerequisite condition for success? Wha are
the educational and political effects of imple-
menting Standards and high stakes in Stuations
with  inequitable resource  distributions?

What are the consequences for schools with
varying capacity to design and implement
changes? What degree of tit is needed between
teacher knowledge and skill and the standards?

| could go on. There are many unanswered
Questions.

| was asked to reflect on the role of evaua
tion in systemic reform. Taking advantage of the
broad scope of this charge, my comments will
focus on the assumptions underlying systemic
reform and on their implications for evauation,
on some other critical problems faced by those
atempting to evaluate systemic reform, and on
some of the questions (in addition to those | have
dready raised) that such evauation efforts ought
to be addressing.

The Premises or Assumptions of Systemic Re-
form

The theory of systemic reform rests on some
assumptions  that should be carefully examined
and tested. First, systemic reform seeks greater
coherence, an aignment of policies, but the edu-
cation system itself is fragmented by design—
fifty doates, fifteen thousand digtricts, countless
other agencies impacting the schools-and this
fragmentation is intended to permit variation.
The agencies of government responsble for the
schools are divided from each other by the fed-
erd dructure and by the separation of powers.
They are further divided by powerful traditions
of loca control and parental rights. On top of
that, within any given jurisdiction there are a va
rity of stakeholders, each with their own views
about dtandards, assessment, locus of authority,
etc. What does coherence mean in this environ-
ment?

Systemic reform assumes that some consen-
sus can be developed around standards and that
the resulting set of coherent policies will focus
this fragmented system and improve its perfor-
mance. From an evaluator's perspective these as-
sumptions must be viewed as problematic. Previ-
ous research indicates that context is a dominant
influence on the implementation and effective-
ness of reforms. And the contexts in the states
and school digtricts vary widdly; state politics
vary, their histories vary, therr resources vary,
and so on. Yet some contend that the key compo-
nents of systemic reform must be essentidly the
same in every seiting, including systemwide stan-
dards and assessments, and that these compo-
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nents will operate with similar effects under
varying conditions. However, dstates with strong
traditions of loca control might find it difficult
to adopt the recommended policies. Is it not pos-
shle to design a systemic approach that respects
these traditions of loca control? Could a sys
temic reform dtrategy that lacked one or more of
these critical drivers be effective?

Second, advocates of systemic reform am to
change teaching. They spesk of more coherent
policies driving ingruction. They assume that
there is a dtrong linkage between policy and prac-
tice. However, research has found little evidence
of such a linkage (Cohen & Spillane, 1992,
Elmore, 1995). Moreover, while some advocates
of systemic reform argue that they simply want to
define the outcomes and that the means of
achieving them might vary (hence the emphasis
on devolution), others package specific notions
of best practice together with their instructional
guidance system so that the reform defines both
the means and the ends. It is hardly surprising
that this approach produces some resistance in a
complex decentraized political  system.

David Cohen (1994) has suggested that
evauators should be comparing the content and
coherence of ingtructiond guidance systems with
what teachers, students, and parents comprehend
to be its message. His point is tha, given the
fragmented nature of the system aong with the
many competing messages about priorities  com-
ing from government, professond groups, re
formers, and local communities, it would not be
surprising if the messages were distorted. Cer-
tainly school districts and schools respond  differ-
entidly to the same policy messages (Spillane,
1996). Evauators should be examining the effi-
cacy of the links between policy and practice.

Third, there is the question of the variaion in
schools  capacity to respond (Slavin, 1995). Sys-
temic reformers aspire to raise the performance
of al students and close gaps in achievement be-
tween advantaged and disadvantaged groups. Yet
schools  capacity to respond to the policy signals
or use the support that is provided varies. How
does systemic reform affect schools at different
levels of readiness? How do we engage teachers
who resist changing their practice or participat-
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ing in professond development? How  effective
are the intervention techniques being employed?

Fourth, the theory focuses on the system
rather than Students and seems to treat Students
a passve vessdls with little or no responghbility
for their own success. The system is seen as the
problem, and if the standards and drivers are put
in place, advocates contend the resulting concen-
tration of energy will produce a more powerful
pedagogy, higher student motivation, and im-
proved performance. Shouldn't the response of
students to these changes in policy and practice
be viewed as problematic? What do we know
about the link between educationa policy and
student behavior? How do different incentives
affect the behavior of different groups of stu-
dents? These are questions of importance to an
evduator of systemic reform.

Fifth, there is the problem of the standards.
They are sometimes treated as a purely political
Question in systemic reform: What can we all
agree to about what students should know and be
able to do? The major concern seems to be that
they are high enough. But, as TIMSS has dra
maticaly illustrated, the developmenta sequence
of the content standards and their breadth and
depth matters a great ded and shapes the out-
comes. So there are empirical and technica ques-
tions to ask about the standards. Is more specific-
ity better? Are interdisciplinary approaches effec-
tive? Under what conditions? How many stan-
dards can be crowded into the curriclum? Who
should set them? Does the locus of power mat-
ter?

How Should We Evaluate Systemic Reform?

To design evaluations of systemic reform ini-
tiatives, we must know something about the suc-
cess criteria held by various stakeholders. Are the
success criteria to be successful enactment of the
policy indruments (eg., the ingructiond gquid-
ance system), changes in classroom practice,
changes in sudent performance, or al of the
above? And with regard to performance, are we
looking for improvement, getting al sudents to
high standards, reducing gaps among significant
groups, or al of the above? The answers to these
(Questions seem to vary across audiences.



When federal policymakers talk about evalu-
ating systemic reform, they often seem to be ask-
ing whether the government in question-state or

digrict-has digned its policies, put the drivers
in place, provided the necessary supports, and is

redizing the desired changes in practice and per-
formance. The underlying assumption here is that
systemic reform is a proven strategy and that we
know how to do it, and therefore the only impor-

tant question is, Are they doing it right? If the
policy configuration is not as desired or the re-
aults are not as expected, the conclusion often is
that they simply didn't get it. Such evduations
seldom ask questions about the robustness or
costs of the drategy itself, whether some itera

tions of the strategy might be more effective than

others, or how well the drategy works in differ-
ent politica and indtitutiona contexts.

In my judgment this checklist approach to
evaluation is a mistake. We should approach
variaions in drategies with an open mind and
examine their design, viability, costs, and im-
pacts. Rather than defining systemic reform rig-
idly, we should respect the decentralized nature

of our system and encourage and evauate Strate-

gies that share a set of core ideas. chalenging
academic standards, coherence and focus, and

sysemwide change. We might learn that different

policy mixes or sequences of action or distribu-
tions of authority work better than others under
specific  conditions.

Other Problems of Evaluation

Getting the data. There are serious data prob-

lems that compound the problems of evaluating
systemic reform. Data on classroom practice are
typically collected through surveys, because ob-
servations are too labor intensive to collect an

adequate sample over space and time. Since the
point of systemic reform is to send clearer Sig-

nals, teachers soon learn what the desired prac-

tices are, or at least what the code words are, and

in high stakes environments may feel pressured
to indicate compliance. Surveys may exaggerate
the extent of the changes in practice.

There are worse problems with student per-
formance data Many dtates and districts do not

assess al areas in which we seek to set standards
or do not do so adequately. New measures are
under development but are not yet trouble free.
Performance measures are expensive and
plagued with unresolved technical problems, as
are portfolios. The results of more conventiona
paper-and-pencil measures are not trusted by re-
formers who argue that such measures are not
sengtive to the important outcomes, and further-
more, they undermine efforts to ater practice. So
what is an evauator to do? We may be in the
midst of a great trangition in assessment, but
evaluators need valid, reliable, and stable mea-
sures to examine changes over time.

Timelines. What is a reasonable time frame
in which to expect results? Policymakers and
grantmakers have trouble waiting two or three
years, but we know it takes more time than that
to put the policies and supports in place and
achieve broad scale changes in practice. Five
years seems far too short to expect the broad
scale changes reformers believe are needed to
produce significant gains in achievement. Ken-
tucky s policymakers have sad it will take
twenty years. Connecticut has a plan for a gen-
eration. Philadelphia’s leaders talk about a de-
cade. What is a reasonable time frame? How do
capacity and previous experience affect time
frames?

Attribution.  Policymakers and  funding agen-
cies want to know that their dtrategy paid off.
They want to take credit for results. How do we
ded with atribution? When we get improved re-
sults, how can we be sure it was the standards or
the best practices that were responsible? Maybe
it was just the tests. Maybe it was the extra re-
sources. Maybe it was simply a generd cultural
shift. How will we know what caused the im-

" provements? Or when we do not get results, has

systemic reform faled, or were there inadequate
resources, poorly prepared teachers, too many
external problems for schools to overcome?
What interventions mattered? How will we
know? We need well-designed, longitudind,
crossjurisdictiond  studies to answer these ques-
tions.
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What Do We Need to Know about Systemic
Reform?

There is a great dea that we do not know,
and unfortunately we are not getting answers
from current evauation efforts. Consider for a
moment the following questions:

Have the new ingtructiond guidance systems cre-
ated greater coherence for teachers, students,
and parents and reduced the incoherence of a
politicaly fragmented sysem?

How do policy-driven reforms, particularly those
including centralized assessments and high-
stakes  accountability affect professional
norms and practice? To what degrees are
they complementary to, or in conflict with,
other efforts to set standards of good prac-
tice?

What kinds of supports and technical assistance
ae most effective under different conditions?
Do schools that adopt highly developed
whole-school designs such as those offered
by New American Schools make more rapid
progress? Do schools that adopt externaly
developed curricula make more rapid
progress? What do the answers imply for the
level of investment needed and the distribu-
tion of those resources?

What are the costs? Are some approaches more
cogt-effective than others? How do the politi-
ca traditions and values, specific political
context, and governance arrangements influ-
ence the approach to systemic reform? How
do variations in dtrategy or policy mix affect
the costs and the results?

What level of investment does it take, and for
how long, to provide teachers of particular
backgrounds with the knowledge and skills
needed to prepare students to achieve the
more challenging standards?
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Wha kinds of ingtitutiona arangements and
learning opportunities seem to be most effec-
tive and efficient a meeting the needs of
teachers?

What are the student benefits? Does it lead to im-
proved student performance? Are the im-

provements greater than those associated
with other dtrategies? Who benefits? Does it
reduce gaps in performance among sSignifi-
cant groups of students?

These are just some of the questions that we
should be seeking answers to in order to advance
systemic reform from the status of a promising
general theory to a empirically grounded dtrategy
for school reform.
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Chief Justice Holmes once said, “If you can
disentangle that which isinextricably inter-
twined, then you have the mind of an attorney.”
Yesterday | was made mindful of some language
problems that we have, which I'm going to try to
disentangle. I've been asked to think about evalu-
ation and the challenge that systemic reform
poses to evauation. Thereé's so much that could
be said. The colloquid expresson of the topic
might jus simply be “How do we find out
wha's happening? How do we find out what, if
anything, we re accomplishing with al thet
we're doing?

| want to focus on that word systemic for a
moment. | have a colleague who's an engineer. |
brought him to our operation from the Office of
Naval Research, where he was a director of
projects for naval underwater warfare systems.
He's dways asking questions that bring me up
short, making me stop and think about some
things. The question that he asked me about a
week and a half ago was, “Paul, | have a
Master's degree in systems research. | have been
the director of naval underwater warfare systems.
What are you people talking about when you re-
fer to systemic reform?

Over the last year and a half | have encoun-
tered the word “standards’ or “standards-based”
as meaning systemic reform. | have encountered
“congtructivist,” or “whole language’ as meaning
systemic reform. | have encountered “perfor-
mance-oriented  systems’  suggesting  systemic
reform. For some the system in systemic reform
is an adjective of scale suggesting dl of the
teachers, or al of the classrooms, dl of the
schoals, in al of the didtricts. For others, sys
temic is an adjective of conceptual scope indicat-
ing a concern for dl of the people and the vari-
ous congtituencies that make up the system: leg-
idation, regulaion, policy informing programs
and practice, and the multiple roles and people
that inhabit the system. For some, the systemic
notion is a hybrid of those two, suggesting a
theory of action that motivates the way that we
proceed. In many places the folks who use the

language of systemic reform aso use the lan-
guage of standards-based reform. The two are not
necessarily intellectually synonymous. | want to
focus on the last definition, the hybrid of sys-
temic reform suggested above, and the chalenge
that it poses to efforts to evaluate the conse-
Quences of our policies, programs, and practices.
All elements of the system are interdependent
and therefore al have to change in a systemic
manner. The fact of the matter is there are unique
circumstances of systemic reform that pose chal-
lenges to our thinking as evaluators. The context
and the approaches of systemic reform would
chalenge us even within a traditional framework
for evauation. And then, everything has to be
rethought yet again because the traditional goals
areinsufficient.

Thefirg chdlenge for evaluators s defini-
tiona. Evauators are caled on to define the “it.”
Deborah Ball speaks with some amusement of
the way we tak to each other about “this kind of
teaching,” never sopping to clearly define“it” in
the midst of our conspiracy of silent assent about
“it.” The“it” is“thiskind of teaching” that we dl
seek. This postion is unnecessarily extreme. As
evaluators we are caled on to define this “it.”
Not only do we define the “it,” but we implicitly
declare how much of “it" we're looking for.
What is the right balance of “it"? When should
“it" occur? When we conduct evauations, and
when we undertake to declare places successful
or not depending upon how much of “it" is
achieved, we are as much a risk as evauators of
being pressed to an unreasonably extreme asser-
tion as we are a risk as reformers of being
pressed into extreme expectations. Looking for
nothing but “it” is-even accepting some defini-
tion of “it"-a very hig mistake. We have to be
mindful of that. Some of the elements and condi-
tions of “systemic” as | described it a the outset,
reform broadly concelved and systemic in scope,
are sgnificant because they qualify the nature
and extent of the evaluation chalenge. First of
dl, there are many different instantiations of sys
temic reform. Each is unique from the others
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even in terms of its policies and goals, athough
there is a tremendous amount of overlap and
shared understandings of some larger vision. In
point of fact, the explicit goals, or at least what is
in the foreground as opposed to the background,
differ from place to place. What is in the fore-
ground even differs over time. Not only that, but
the policies and the ways in which they are mani-
fested in programs differ. The ways in which pro-
grams seek to shape and support practice also
differ from place to place. There’'s along history
of research and evaluation into compensatory
education programs. It documents a very long
and very disappointing evaluation history of in-
ability to detect effects even where people are
convinced effects do exist. One of the lessons of
that long history has to do with what happens
when an evauation imposed ex-machina is in-
sensitive to these issues of local context, pro-
grammatic variations, and local needs.

A second element has to do with the sheer
complexity of systemic reform. Think about what
it means in terms of multiplicity of goals. It’s dy-
namic. Someone referred to systemic reformers
as dynamic opportunists, right? We're always
looking for the moment at which some leverage
point makes itself available to us. A good re-
former seizes it, acts on it. It is extremely diffi-
cult for an evaluation-particularly one that is
traditionally conceived---to be responsive to that
kind of dynamic complexity.

Lastly, many of the intended outcomes are
difficult, even fragile, in the sense that they are
bruised if not destroyed by our methods for ex-
amining and measuring them. Hence, there is
widespread disaffection with traditional mea-
sures as “missing the point,” if not outright de-
stroying it, and emphasis on the reform of our
measures.

The response to this extremely difficult chal-
lenge of systemic reform is to reconceive not our
methods, but our approaches to evaluation Meth-
ods are the particulars, the means of gathering
data, the structures within which data are gath-
ered, organized, analyzed.

| think that the appropriate response lies in a
larger structural issue, what some refer to as
models of evaluation. Instead of thinking about
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evaluations of systemic reform as monoliths,
think of them as dynamic programs of compre-
hensively conceived, coherently coordinated
studies, each of which is locally sensitive to con-
text needs; each is methodologically appropriate
to its questions, its research context, and evalua-
tion goals; all studies are coordinated and
complementary of each other so that our knowl-
edge is reinforced not for having asked a single
guestion in the same way over and over and over
again in standardized fashion, but for having
asked the same questions in different places in
appropriately different ways. There is a method-
ological perspective that insists that standardiza-
tion is the epistemological strength of desired
knowledge claims. Another way of looking at it
is to suggest that complementary methods yield-
ing similar observations across varied
instantiations of an innovation ought to deliver a
stronger epistemological foundation. There is a
sense in which this happens currently, but it is by
happenstance. It happens because good thinkers
are thinking about this problem of systemic re-
form, and they are looking for which questions
aren't being asked, and what opportunities aren’'t
being fully taken advantage of. That's not the
same thing as approaching these evauations in a
coordinated, coherent, dynamic, and interdepen-
dent manner.

If evaluation is approached in this fashion, it
is positioned to better serve the goals of a learn-
ing organization; the dynamism that’s present in
the evaluation system mirrors the dynamism of
reform. It enables us to create the information
infrastructures that are essential. | was struck as |
listened to Lauren Resnick earlier raise the image
of learning organization and give her definition.
The one thing missing in it is a capacity for insti-
tutional reflection, an ingtitutional ability to look
at itself, learn from and about itself, and act on
that learning for the ongoing improvement of its
performance. The approach to evaluation only
hinted at here offers the potentia to position
evaluation to deliver that capacity in ways that
our traditional views of it do not. It is a view of
evaluation that is essential to our reform because
it's consistent with what we hope for from the
reform.
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Systemic evaluation is an evolving concept.
Over the past six years, gathering information for
judging the merit and worth of sysemic initia-
tives has matured as a field. We have a greater
understanding about wha the nature of systemic
change is and what roles evaluation can serve.
For the past two years the Strategies for Evaluat-
ing Systemic Reform (SESR) Team of the Na
tiona Indtitute for Science Education has endeav-
ored to learn about evauation of large-scae re-
form from evauations done of the Statewide Sys
temic Initiatives (SSIs).

In thinking about evaluation we have de-
pended heavily on the work of those who are do-
ing evaluaions. We reviewed the plans for the
evauation of SSIs of 15 dtates and Puerto Rico.
We consulted the reports from SRI International,
Policy Studies Associates, Consortium for Policy
Research in Education, and ABT Associates, Inc.
Other sources of information include organiza-
tions engaged in doing, sudying, or providing
technical assistance on evauation of systemic
initiatives including Horizon Research, Inc,
Inverness Research Associates, Westat, Inc., and
the McKenzie Group.

What Are We Learning?

Criticd functions of sysemic initiatives help
define roles for evauation that are somewhat dif-
ferent from the more traditional roles of purey
formative and summative evaluations.

Design. The design process of a Systemic
Initigtive is fluid and continuous. For many of
the Initiatives, what was set out a the beginning
had to be changed, modified, and thought about
again-not only once, but severd times. Anim-
portant role served by many of the SSI evaluaors
was as a critica friend to judge and help shape
the design of the Initiative's strategy. This mold-
ing of the Initiative over time and the ongoing
strategic thinking elevated the design from a
planning document to an outcome of a learning
process. The designs have become as much of a
product of the Initiatives as they have served to
guide the work of the Initiatives.

Management. Closdy related to developing a
design for the Initiaive is managing and making
decisons for the Initiative. Evauators of the SSIs
recognized the importance for the Initiatives
staff and others to have access to information
about context, implementation, and outcomes for
decison making. The number of those making
decisons and the range of decisions are large in
SIs. Management teams faced issues of congre-
gaing a critical mass of stakeholders, developing
effective networks of teachers, and planning for
long-term  sustainability while under pressure to
demongtrate improved student learning. With
limited resources, evauators continuously faced
the practicd and conceptual issue of either at-
tending to producing information on process and
capacity building or atending to documenting
student and other outcomes. Some evaluators
coped with this issue by exerting efforts to iden-
tify interim impects.

Leverage. Reform on the scae of the SIs en-
gages many people at levels of detal that can ob-
scure the larger picture of reform. Mounting an
effort to saturate large, multifaceted education
systems requires leveraging resources, aligning
components, and drategicaly thinking about
“going to scale” Evauation of an S requires
some dtention to where the Initigtive is heading
dong with wha the Initiative is doing. One role
evauators assumed was studying continuous im-
provement and how this improvement would
project to the full system. SSIs’ evauators as-
sumed a proactive role to leverage the systems in
concrete ways. Some highlighted best practices
that were used to promote early successes state-
wide. Others guided Initiatives to pogtion them-
selves to take advantage of unanticipated oppor-
tunities

Verification. Systemic reform is based on a
theory that assumes the highest level of educa
tion will be achieved if al of the pieces and com-
ponents within a system are aigned and working
in cooperation toward important common goals.
One role of systemic evauation is to verify this
theory as goplied to the system. This formidable
task requires understanding the logic of the sys-
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tern, what the components are, how they are
linked, and what their collective force is. Evaua
tors of SSIs atended to one piece of this task by
developing and seeking answers for “linking”
Questions. They sought to establish paths from
the intervention to loca changes in practices and
policy.

Sudent learning. SSI evaluations varied in
the atention they devoted to measuring Student
outcomes, due, in part, to the lack of instrumen-
tation and availahility of the information, the
Initiative's focus, and the evauator's perspective.
Some evaluators believed that developing a
system’s capacity for sustained improvement is
criticd to launching sgnificant change, adevd-
opment that requires time. Any atempt to mea
sure dtudent outcomes and attribute them to the
Initigtive in the first Stages of its development
was felt to be conceptualy wrong and detrimen-
td to the Initiaive's longevity. If postive out-
comes were not produced, the Initiative may be
too fragile to withstand strong criticism, even
though dgnificant groundwork had been set for
important  future changes in student outcomes.
Other evaluators did not hold this view and in-
corporated some assessment information in  their
evauation. Some compared scores of students
whose teachers had participated in the Initigtive's
training with scores of a control group. Some
used trend data from state assessments over a
number of years. One Initiative used student as-
sessment as one of its major parts. A three-
pronged approach was designed-measuring
long-term gains in Student outcomes, developing
and usng pre- and posttests in classrooms, and
training teachers to use dternaive forms of as
sessment.  The systemwide assessments provided
incentives for teachers to learn more about as-
sessment and encouraged them to attend to stu-
dent outcomes using the developed classroom
assessment  instruments.

What Do We Need to Learn?

Much is il to be learned about systemic
evduation and measuring change in large educa
tion systems. A few areas are listed here.

Equity. Assessing equity in student learning
throughout the system is a critica concern and
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raises important questions for systemic evalua
tions. More attention needs to be given to devel-
oping ways for measuring a system's progress in
achieving equity in student learning. Related
Questions  include:

How can progress toward equity in a system be
measured in concert with validating a high
quaity of mathematics and science learning
throughout the system?

How can an evauation effectively identify how
well efforts of a Systemic Initiative support
helping every student reach his or her full
potential?

What levels of disaggregation of data are neces
say to study equity within a system?

Achievement measures. Assessment  technol-
ogy isinufficient to measure dl important
knowledge of science and mathematics. Valid
techniques to apply on a large scae dtill need to
be developed to measure how students are able to
reason, to solve complex problems, to build argu-
ments, and to do scientific inquiry. “Habits of
mind,” metacognition, and dispositions are im-
portant qualities for pursuing science and math-
ematics, but are very difficult to measure. Some
Questions  are:

What methods can be used to judge that a system
is educating students to do chalenging math-
ematics and science?

How can evidence be produced of how students
are developing habits of mind and their com-
petence to think deeply about mathematics
and science?

System saturation. Systemic  evaluation, like
systemic reform, must keep the entire education
system within its view a al times. The most
common approach to evauating SIs is to study
the components and parts of the system. Less is
known about how to consider the interaction
among components, their linkages, and wha the
magnifying effects are. More must be learned
about tracking change attributable to the Sl
through a system. Some related questions are:



How can an evaluation strike a balance between
gathering the immense amount of dam that
would be useful to know and the amount of
information that can be effectively collected
and analyzed a a reasonable cost?

How can an evaluaion grasp the full extent of a
system to make judgements about the effec-
tiveness of an Sl to inditute change?

How can evauation produce information on the
amount of resources, concentration of ef-
forts, and strategy for change necessary to
reach systemic reform for any given system?

How can the quaity of classroom experiences
and teachers interactions with students be
incorporated into a systemic evauation ef-
fectively and without great expense?

Time frame. It is unclear how much time
must be alowed before various changes in an
education system should become observable and
sustainable. In judging the value of systemic re-

IrisR. Weiss
President, Horizon Research, Inc.

In 1990, the Nationd Science Foundation
requested proposas from dtates to reform their
science and mathematics education systems.
While the olicitations defined the overal gods
of systemic reform, the choice of reform strate-
gies was left to the proposers. The openness of
the solicitation was patly in recognition of the
fact that states differ considerably in their needs
and resources and, therefore, would require dif-
ferent approaches to reform. In large part, how-
ever, the lack of prescription reflected the reality
that the theory underlying systemic reform was
exceedingly thin, indicating for example, theim-
portance of shared goals and policy aignment,
but providing little guidance on how to achieve
aither.

If the theory of systemic reform and the NSF
solicitation for trandating the theory into practice
were nonprescriptive  about  implementation, they
were nearly slent on how one might evaluate
those efforts. Proposers were told it was impor-
tant to have a plan for formative and summative

form, systemic evaluation must attend to the in-
ditutiondization of structures and functions that
will sustain  movement toward positive outcomes.
Evauation is frequently caled on to produce in-
formation and judgements before sufficient time
has transpired and enough effort has been ex-
pended to fully reach goals. More needs to be
understood about how to identify and measure
interim  attainments and progress. We aso need
to understand more about what is a reasonable
amount of time for a sysem to make significant
changes, but time, of course, will depend on a
number of factors. Some related questions are:

What is the appropriate time frame for detecting
change in student learning across the system
that can be attributed to an Sl and can be
judged as sustainable?

What interim outcomes serve as strong indicators
of progress toward systemic change?

evaluation and to have that plan caried out by
qudified personnel, but there was little guidance
about the kinds of evidence to collect.

And so we embarked together, the states and
the evauators, they on figuring out what those
exceedingly broad goas like policy aignment
meant, and we on how to tell whether they were
accomplishing them; they on how to use the
modest monies provided by NSF to impact the
system both broadly and deeply, and we on how
to use the smal amount of money earmarked for
evauation to help document and improve their
efforts.

The Statewide Systemic Initiatives were fol-
lowed in fairly rapid successon by the Urban
Systemic Initigtives, the Rural Systemic Initia
tives, and the Local Systemic Change Initiatives.
My company and | have been involved in one
way or another with the evaluation of each of
them. Most of what | have learned about the
evaluation of systemic reform in the last five or
sx years seems painfully obvious now, dthough
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it certainly wasn't & the time. It is clear tha
evaluation can be helpful throughout the sys
temic reform processin the initid planning, hdp-
ing to fine-tune the initigtive as it unfolds, and
documenting evidence of impact. But there are
potentiadl  problems and numerous trade-offs
throughout.

1. Assessing Needs and Documenting Progress

Most systemic reform plans start with a de-
scription of the current status of the system.
Whether called a needs assessment or collection
of basdine data, evaluation early on can help
document the status of the system prior to the re-
form initiative. The chdlenge in systemic reform
is that you cannot stop with documenting teacher
knowledge or the aignment of the curriculum
with nationa standards or classroom practice or
any other component of the system. Rather, you
need to understand and describe both the various
pats of the sysem and their interrelationships.
Unfortunately, this task is not nearly as straight-
forward as it sounds, since we aren't aways sure
what aspects of the system matter or how to mea
sure many of them. As a result, evaluators are
essentidly making it up as we go dong, both in
assessng initid gtatus and in documenting
progress. We know we need to look a multiple
components of the system, but which ones, a
what times, and in what depth are not a al clear.

2. Critiquing the Program Design

Perhaps because the goas of systemic reform
are S0 broad, there are many more possible path-
ways for reform than are typicaly available to
program developers who have more limited ob-
jectives. As a result, evaluators of systemic re-
form efforts are often asked to use evauation
methodologies to help critique and refine the
drategy of the initiative, looking a the probable
advantages and disadvantages of dternative
courses of action. This process can be very help-
ful to an inititive in discovering mismatches be-
tween the gods and the proposed activities while
there is gill time to correct them. However, while
the role of evaluator as critica friend seems ap-
propriate enough, it is sometimes easy for the
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evduator to dip into design consultation and
technical assistance, which may or may not be
appropriate. In the extreme, this process may
lead to the evauators evauating the qudity and
impact of their own ideas, which is clearly not
what the funders had in mind.

3. Challenge of Meeting Diverse Information
Needs

The mogt difficult part of the evauation of
systemic reform is that different stakeholders -
have different information needs and expecta
tions for the evaluation. The PIs may be prima-
rily interested in assessing the qudlity of their pi-
lot programs so they can improve them before
scding up. Others may want to go very quickly
to looking for evidence of impact, which some
may define as changes in classroom practice and
others as changes in student performance.

Some stakeholders want the numbers surveys
provide, others indst on going beyond self-report
dam, even if it means observing only a small
number of teachers. Most want both, and lots of
them. Similarly, those who want to go directly to
student measures differ markedly in what counts,
with some looking for changes in whatever stan-
dardized tests or proficiency measures the dtate
or digtrict uses to assess students and others in-
sisting on authentic  measures.

Whatever the measures you choose, do you
assess progress for al teachergstudents in the
system or only those who have been reached di-
rectly by the initiative? The former ismorein
keeping with the goas of systemic reform, but it
seems like a waste of resources to look for im-
pacts that are unlikely to have occurred. It is easy
to get stuck jumping back and forth between the
various options, and, while getting prior agree-
ment on an evauation plan will in theory resolve
these problems, in practice the pressure to collect
more and more data to address emerging infor-
mation needs can be intense, even irresistible.

4. The Fallacy of I1t’s Out There
As PIs modify ther initiatives based on ex-

perience and in response to emerging opportuni-
ties, evaluators need to keep pace with new



evaluation drategies and instruments.  Unfortu-
nately, there is a lack of tools for the evauation
of systemic reform. While you rarely have the
budget to do extensve instrument development,
the evauation instruments everyone says are out
there are awfully hard to find, whether you are
looking for classroom observation instruments or
performance tasks that are aigned with reform
gods, not to mention ways to assess the extent of
policy dignment.

5. Deciding Who Gets What Information
When

It does not take long before you are awash in
data. Finding the time to anayze and report it is
difficult, especidly because the initiative is on-
going and you and the PIs are reluctant to stop
collecting data. Tensions abound. PIs want and
need honest feedback in order to improve their
programs, but a the same time want you to put
the best spin possible on anything that appears in

Andrew A. Zucker and Patrick M Shidds*
R International Co-Directors
National Evaluation of the S3 Program

SRl International and its partners are in the
find year of a fiveyear evauation of the Na
tiond Science Foundation's Statewide Systemic
Initiatives (SSI) Program. In preparation for writ-
ing a report on dtate strategies for systemic re-
form, the evauation team has spent time examin-
ing each SSI’s approaches to systemic reform.

*Prepared for Bernice Anderson of the National
Science Foundation with the assistance of Nancy
Adehnan, SRI International; Rebecca Carver, Stanford
University School of Education; Thomas B. Corcoran,
Consortium for Policy Research in Education; David
Goldstein, Policy Studies Associates, Margaret
Goertz, Consortium for Policy Research in Education;
Daniel Humphrey, SRI International; Katrina G.
Laguarda, Policy Studies Associates; Camille Marder,
SRI International; Barbara Matson, SRI Internationa;
Steven Schneider, Woodside Research Consortium;
and Choya Wilson, SRI International.

writing. We typicaly give the Pl a draft report to
check for inaccuracies and misinterpretations,
but sometimes their feedback seems aimed less at
verification and more a turning your anaytic
work into a public relations document. On more
than one occasion I've had to remind a project
that we were preparing a report, not negotiating a
treaty. And on more than one occasion a Pl has
reminded me that they are engaged in an enter-
prise that is as much political as it is technical,
and that critics can use even the smallest nega-
tive finding to undermine a promising initiative.

| can end with platitudes. Less is more. Don't
collect more data than you can afford to anayze.
In deciding on spin, remember you have to look
a yoursdf in the mirror in the morning. Or | can
end with the greater truth that the chalenges and
complexities involved in evauating systemic re-
form have helped me and others deepen our un-
derstanding of how to hring about improved sci-
ence and mathematics education on a broad
scae. No one sad it would be easy.

Preliminary findings about the effectiveness of
different strategies are reported here.

Identifying SSI Strategies

In an earlier report” we identified eight strat-
egies that the SSIs have used to carry out reform.
In this paper, the dstrategies are grouped under
two headings. drategies that focus principaly on
teachers, classrooms, and schools and strategies
that focus on digtricts, regions, and dtates. (See
Exhibit 1.) Thisisa useful heuridtic, even though
the strategies often share some elements of both
focuses. (We note that categorizing the strategies
under these two headings is similar to what oth-
ers have done in referring to “bottom up” and
“top down” approaches to reform.)
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Exhibit 1
Eight Strategies Used by the SSIs

Strategies focused on teachers, classrooms, and
schools
Supporting  teacher  professiond  development
Developing, disseminating, or adopting in-
gructiond materids
Supporting  model  schools

Srategies focused on didricts, regions, and
states
Aligning date policy
Cresting an infrastructure for capacity build-
Ing
Funding locd systemic initiatives
Reforming higher education and the prepara-
tion of teachers

Mohilizing public and professona opinion

Typicaly, an SS will rely on one or more
primary strategies and severa secondary strate-
gies as its participants undertake systemic reform

in mathematics and science education. The evau-

ation team used a variety of documents about
each SSI, as well as knowledge gathered during
ste vidts, to make decisons about what the pri-
mary and secondary strategies are in each SSl,
and these are shown in Exhibit 2. In some cases,
SS drategies have evolved or may even have
changed dramatically, making it more difficult to
assign dtrategies with certainty. Still, it seems
likely that the SSI Principd Investigators would
agree with the great maority of the decisions
(nearly 100 of them) that have been made by the
evaluation  team.

It is important to note that Exhibit 2 only re-
flects dtrategies that are directly part of the SSI.
In other words, they are part of the “value added
by the systemic initiative. Thus, for example, d-
though Cdifornia dearly invested heavily in
policy aignment, that largely occurred prior to
the SSI and was not supported by SSI funds, and
s Aligning State Policy is not shown as an SS
drategy in California. (Case studies of 12 SSIs
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that are being didtributed as part of the evauation
will reflect the entire context in which each SS
operates, including other key strategies for edu-
cation reform being used in those states apart
from the SSI.)

Quality Ratings

In order to make judgments about the effec-
tiveness of different reform dtrategies, the team
identified a set of Sx common criteria to use in
considering the implementation of each strategy.
Each criterion was defined in detail for each of
the eight strategies (see Appendix D). The six
common criteria are:

I Quality: how well the strategy has been ex-
ecuted (eg., the quality of instructiond mate-
rids);

2 Access and inclusion: the degree to which
the SSI-sponsored efforts have been open to
the full state community (eg., access of rurd
teachers to professional  development);

3 Sale the proportion of the tota potentia

- target audience reached and the strength of
plans to reach the entire dtate;

4 SQudainability: the drength of the SSIs dtrat-
egy for mantaining the reform effort after
NSF funding ends;

5 Impact: the impact on the target audience
(eg., the degree to which teachers have im-
proved their practice);

6 Theory ofchange the drength of the theory
of change guiding the SSI drategy (e.g., Sup-
port provided through SSI infrastructure re-
flects full needs of participating districts and
schools).

Team members then used these criteria to as-
sign an overdl rating of the implementation of a
paticular strategy by a particular SSI. In other
words, for each dtrategy, the SSIs that used that
Strategy were rated on how well it was imple-
mented. Ratings were made on a 5-point scae:
very weak, weak, fair, strong, very strong.

The ratings were difficult to do, for a variety
of reasons:
®  Fird, unlike the case of the SSI midpoint re-

views, which involved a far-sized panel, for

each SSI these ratings have been mainly the



Exhibit 2
The SSIs’ Strategies for Promoting Systemic Reform

Supporting | Creating an|Developing & [Funding Reforming Mobilizing
Aligning| Teacher |Infrastructure | Disseminating| Local |Supporting |Higher Education| Public &
State | Professional| for Capacity New Content & [Systemic | Model |& the Preparation| Professional
State| Policy |Development| Building Materials Initiatives | Schools of Teachers Opinion
AR S P P S S
CA P S
CcO S P 3 S
CT P P S S
DE S P P
FL S P P S S
GA S P
KY P P S P S S
LA S P S S S S
MA S P P P
ME S P S P S
Mi S P P S
MT S S P S
NC | P S
NE P P S
NJ P P
NIM P P P S S S
NY P
OH P P
PR S P P P P S
SC P P P P
SD P
X P P
VA P
VT S P S S S

Note: P = Primary. S = Secondary. “Primary” means that a strategy congtitutes the core thrust (or one of a few)
of the SSI. *Secondary” means that it is a key portion of the core thrust, but not central.

regpongbility of asngle individud. Al-
though the team did try to “calibrate’ the rat-
ings, the reliability of spedific ratings would
have been sgnificantly increased if there
were multiple independent  raters.

Second, the team's knowledge of the
“non-case study” states is weaker than its
knowledge of the case study dtates; thus,

cases about the effectiveness of SSI strate-
gies to mobilize public and professiond
opinion. As a result, ratings on that SSI gira-
egy are more difficult to make with accuracy
than on most of the other Strategies.

Given these considerations, readers can have
greater confidence in ratings that apply to @ num-

some of the SSIs were harder to rate than
others.

Third, it was more difficult to rate SSIs on
some of the drategies than on others. For ex-
ample, thereislittle hard information in most

ber of SSIs (eg., dl the SSIs that use teacher
professona development as a dtrategy for sys
temic reform) than in ratings that were made
about a single SSI. Therefore, this paper focuses
on ratings of the SS strategies.
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Strategies Focused on Teachers, Class
rooms, and Schools

Supporting  Teacher  Professional  Development

Professona  development is important if re-
form is to succeed. It is the most common SSI
drategy (a high priority in 18 of 25 SSIs), and in
our view the mgjority of the SSIs using this sra-
egy can be rated as strong or very strong in the
way they conduct professiona development. De
livering high-quality professond development is
something that we as a nation know how to do—
a least for those teachers who are interested and
when there are sufficient funds. The SSIs used
three general approaches to professiond develop-
ment: local human resource development, local
system capacity building, and state system capac-
ity building. The SSIs typicaly used amixed
professona  development strategy, and a least 9
employed al three approaches. In spite of the
strong efforts made by the SSIs, the professiona
development system, such asit isincduding
dtate, digtrict, and school policies related to pro-
fessond development-isin need of restructur-
ing. As long as professona development systems
in the state remain unchanged, the SSIs, and the
states, will face difficult trade-offs between
working with large numbers of teachers superfi-
cdly or working with smal numbers inten-
sively.

Developing, Disseminating, or Ingtruc-
tional Materials

Adopting

Ingtructional materials are basic to what hap-
pens in schools. Yet only six §SIs focus on the
ingtructional  materidls used in mathematics and
science classrooms as a major part of their srat-
egy. Of those, we estimate that four can be rated
srong or very drong in ther efforts. In many of
the SSIs, indructiona materids are dill a “weak
link,” especidly in certain domains (eg., high
school  science).  High-quality materids need to
be identified or developed and decison makers
need to be well informed about them. Whether
decisons are made a the state or the local leve,
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we believe it would make sense for more SSls,
and more dtates, to adopt and/or disseminate in-
formation about existing high-quaity curriculum
materials.

SQupporting  Model Schools

Jugt five SSIs use a model schools strategy,
and we would rate only two as doing a strong or
very strong job. The evauation team continues to
believe this is a high-rik drategy. It requires a
very careful plan for dissemination and scaling
up. If such a plan is not well designed and well
implemented, the result is, a best, improvement
in a handful of schools statewide. In the two
dtates that we believe have strong model schools
drategies (Delaware and Puerto Rico), that ef-
fort serves as part of a much broader systemic
reform  Strategy.

Strategies Focused on Didgtricts, Regions,
and States

Aligning Sate Policy

State policy is difficult to change because it
is driven by myriad politicdl and resource issues
beyond the control of the SSI. Only 3 SSIs target
dtate policy as a primary strategy, athough 11
others make it a secondary dtrategy to dign the
policy system with SSI gods, and in ill other
SSI sates (eg., Cdifornia) policy adignment has
been caried out under auspices other than the
SSI. The mgority of the SSIs that have targeted
dtate policy have done a strong job or better a it.
TheSSIs that have done particularly well in ther
efforts to align state policy-we estimate there
are 9 of them-typicaly have multiple connec-
tions with dtate policymakers, politicd “savvy,”
ongoing systemic reform efforts with which the
SSI is integrated, and the good fortune not to be
caught in fast-changing political tides.

Creating an Infragructure for Capacity Building
Success for the SSIs is defined in part by

what they will leave behind after the NSF funds
disappear, and a new or improved infrastructure



(eg, new nonprofit advocacy ingtitutions or bet-
ter regional education centers) would be one tan-
gible legacy. Of the 18 SSIs emphasizing this
drategy, we believe about haf can be rated as
drong or very srong. Doing a good job usudly
involves having a viable theory of how the infra-
gtructure will help to change the system and mak-
ing good connections between existing and new
components of the infrastructure.

Funding Local Systemic Initiatives

Nine SSIs, mostly in local control states,
chose to support locad systemic initiatives. More
than haf of the nine (five) rated as strong or very
srong. The key factors in building strong locdl
initiatives are  sufficient  support for  participants
a the loca level and some kind of qudity control
mechanism.

Reforming Higher Education and Teacher Prepa-
ration

While 14 of the SSIs have adopted this Strat-
egy, none rated as very strong for reform in
teacher preparation, and just 4 rated as strong.
Moreover, only 2 used this as a primary SSI drat-
egy. Changing teacher preparation has been a
chdlenge in part because of the difficulty of
changing indtitutions of higher education, and in
part because of the fact that relatively few of the
SSI resources have been used for this purpose.

Lessons on how to effectively change teacher

preparation may more likely come from NSF's
Collaboratives for Excellence in Teacher Prepa
ration program than from the SSI program.

Mohilizng Public and Professonal  Opinion

Many surveys and studies provide evidence
that public and professond opinion is criticaly
important for education reform. Of the 10 SSIs
that place a 9gnificant emphass on mobilizing
opinion, the evaluation team believes 2 of them
are doing a drong job. Although most of the 10
are doing at least a fair job, the SSIs have had a
difficult time developing powerful drategies for
mobilizing opinion. One reason may be that it is
difficult to find appropriate measures of success
for public relations initiatives, so it can be hard
to know whether one is being successful or not.

Notes

1. Partners include the Consortium for Policy Re-
search in Education (CPRE), Policy Studies Asso-
ciates, Woodside Research Consortium, and the
Council of Chief State School Officers.

2. Zucker, A., Shields, P., Adehnan, N., & Powell. J.
(1995). Evaluation of NSF § Statewide Systemic
Initiatives (SSI) program: Second year report.
Cross-cutting themes. Menlo Park, CA: SRI Inter-
national.

3. Our report entitted The SSZs and Professional De-
velopment for Teachers is currently in draft form.
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Forum Highlights and Looking Ahead

Cora B. Marrett*
University of Wisconsin-Madison

When | accepted this assignment, | didn't re-
dize just how daunting it would be to try to bring
together a number of the themes and talk about
where we go from here, paticularly around the
Forum’'s emphasis on research on systemic re-
form. So I'll try to bring some of the observa
tions that have occurred to me.

Some 70 years ago Mary Parker Follett
(1924) wrote movingly about the importance of
applying the scientific method to human endeav-
ors. Science, she observed, builds from research
to an organized body of knowledge. Research
uses methods that are orderly and replicable, and
it tests ideas that can be fasfied, not just demon-
strated. Important for this is her notion that any
feature of the human theater can be subjected to
scientific inquiry. Before this Forum | wondered
whether Follett would have been so optimistic if
she had had the task of applying scientific in-
quiry to systemic reform. Consider a couple of
very daunting problems. One of these is the eu-
siveness of the basic concepts-the concepts of
sysem and of reform. In the comments from the
several sessions, as well as the presenters, prob-
lems associated with the terms have come up
time and again, more often around system than
aound reform. But reform is an interesting one
as well if you take the term to suggest re-form.
“What's the form from which things are being
changed? To what?' as one of the tables asked
with reference to the system idea

As most people have observed, from generd
systems theory comes the idea that a system con-
Sds of interrelated parts where changes in one
will produce identifiable changes in another. In
this arena the question that's come up time and
again is, What's the system? Does it consist of
different actors, units, organizations? Is the sys-

* Marrett iS now the Vice Chancellor for Academic

Affairs and Provost a the University of Massachusetts
at Amhurst.

80

tern what Bybee cals “the constructed relation-
ships among conceptual schemes, procedural
drategies, contextua factors’ or, as he goes on,
“the fundamental concepts of disciplines; the ac-
tions and behaviors of teachers, of learners, of
various technologies; the context within which
the content and processes of science and math-
ematics may be learned.” From one of the discus-
son groups, people wrestling with this question
of system and systemic reform asked a very inter-
esing question, How will we know when we
have arived? Or is systemic reform actualy a
process, and not a degtination? That would have
profound implications for the way in which we
even try to capture systematicaly the very notion
of systemic reform. This notion, then, the elu-
siveness of the concepts with which we're grap-
pling, would, in many ingtances, prove a little
disheartening to those who try to look as system-
aicaly as possble a the world of human en-
deavors.

But there's another issue that's come to the
fore. We talk about systems in a holistic way, and
that's often inconsistent with the reductionist
model that's been so appropriately used for much
of what we do in scientific inquiry. As others
have noted-including Norman Webb this morn-
ing-from systems theory comes the assumption
that a system is not just the sum of its parts. The
system itself can be explained only as a totdity.
In thinking about systems, what merits atention
are the connections and relationships, not just the
nodes that are there. Yet capturing relation-
ships-capturing the whole-proves somewhat
difficult. That's an understatement, of course
Perhaps the difficulty comes out of the kinds of
orientations that we bring. I'm thinking in part of
Iris Weiss's comments earlier about the particular
principa  investigator who decided that having
sientists in the classroom was the way to go.
That might have sounded like a strange approach.
But don't we tend to hring to the arena, too, our
own orientetions, our own interests, and to see



components of a system from the perspective that
we happen to have? It's often been sad that re-
searchers bring to a problem their own tool kits
and attempt to fit the problem to the tools they
happen to have. | remember someone who knew
one tune, and anything he sang had to have that
one tune. Sometimes it was a hit difficult to fit
the meter to the tune, but he would try because
that's the tune that he knew. The same matter of
trying to fit the pieces grows out of our intered,
both out of the successes we've had in trying to
refine things down to the smalest and most man-
ageable parts and out of the orientation we have
to look for some things rather than others. A few
years ago, as some people were talking about
how to think about the nature of research and
higher education, there was an argument about
the need for greater movement across disciplin-
ary lines. One of the people said, “ W have im-
posed those barriers because, after al, nature
knows no disciplinary boundaries” The response
immediately was, “Yes, but nature doesn't have
to get tenure” What we have in place--our re-
ward dructures, our systems for keeping us
closdy linked to the orientations and models—
might impede our effort to move forward on this
holistic  agenda.

Before | came to the Forum, | thought those
were the daunting questions on the agenda. As |
leave, 1 don't think it's nearly as daunting. | think
that Follett would be encouraged by at least three
things that have taken place here. Fird, there is
the knowledge that systemic or systematic in-
quiry has produced, particularly about forces &f-
fecting the process of systemic reform; fruitful
inquiries have been taking place. Also this sys-
tematic inquiry can relate to systemic reform in
more than one way; it isn't as if there is only one
place in which inquiry can make a difference. As
a third matter, there is an excited community
ready to engage its skills and its knowledge to
move practice forward. This community shares
the belief that there are outcomes that will en-
hance learning for understanding, outcomes o
sgnificant that people are willing to wrestle with
difficult questions, What do we mean by “sys-
tem’? How do we take a holistic approach?

But now what are some of these things that
we know? Well we know, if one looks a the pa

pers submitted through the Consortium for Policy
Research in Education that some schools serving
large numbers of low-income minority  students
have created transition courses in mathematics
consstent with standards-based  performance.
Students in these trangition courses appear to sur-
pass those in the genera mathematics courses.
Admittedly, the former group dtill lags behind the
students in the college preparatory courses. But
the efforts to use standards for reforming educa
tion apparently redound to more than the mogt
advantaged students into the entire school set-
ting. That research goes on to tell us that imple-
mentation is not easy. Often the problems exist in
providing the necessary training. We know from
the Ohio experience, with that state systemic re-
form, that through professiond development it's
possble to produce a culture shift in participants.
It can be done, but it's codtly; it's time intensive.
We know from the several studies reported that
this is a complex process that we have in mind.
The kinds of inquiries identify and potentidly
unravel  that  complexity.

A number of people expressed a little con-
cern about what seemed to be normative State-
ments. It was difficult to determine whether they
were statements of what should be done based on
some set of idedls or conclusions that had
emerged from a body of research. Unfortunately
our sessons were not often long enough for
people to delve into the knowledge base, but
thereis dlearly an interest in identifying what we
know, and in bringing together these ideas into—
what I'll return to in a moment-the knowledge
base and the building of the knowledge. But re-
search can enter in any number of ways. Con-
sider the discussion on the importance of vali-
dated professiond packages for professond de-
velopment. The stuff, as people have put it, that
teachers need is not something that has simply
evolved out of somebody’s own ideas. There
ought to be research undergirding a demonstra-
tion of the vaidity of the ideas that are being ad-
vanced. One of the groups said that each step in
the process should be research validated while
one looks in the long term a the hig picture. So it
IS not a metter of just waiting until everything
has come. Some of the inquiries have to be done
ealy on; others have to continue to unfold.
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Clearly there is aneed for evauation-that's an-
other place in which the research comes in-for
determining progress and achievements. | take
my hat off to those who have been bold enough
to try to undertake eveluation of something in
process, something that isn't aways easy to get a
handle on.

As I've said a number of times, we can
sometimes think of systemic reform as having
represented a metaphor, a symbol that has now
taken on a life of its own. And that's not an easy
thing to engage in systematic inquiry about.
There's a place, then, for the research that is
evauaive. But there is dso the need for system-
aic knowledge a every level to do midcourse
corrections, to follow processes. But coming
through in a number of the comments is the need
now for systematic inquiry & what I'll cal the
next level, a the level of the system. One com-
ment was that we need mechanisms for identify-
ing and assessing the effectiveness of models for
systemic reform; however, we must make sure
that we know wha models work, in what con-
text. It's paying close atention to wha works un-
der what kinds of conditions. Sorting through
those, and avoiding the notion that there is one
best way to proceed, is the task that a number of
people have identified for the next stage of effort.
There is aso a need to identify important factors,
variables essentid for change. This idea was cap-
tured time and again as people talked about the
levers, about the points of pressure. Not only is it
intellectudly interesting, but using that knowl-
edge lets us lower the cost of introducing change,
to intervene to get the benefits without going
through what it would take to scae up from
where we now are. Other people offered cautions
in thinking of scaling up to think about systems:
“Beware of the tendency to oversmplify whether
we're thinking about assessment, professiona
development, curriculum-however you define it
-or systemic reform. Don't |et our eagerness to
fix the system lead us to accept silver bullet solu-
tions” So care and thought need to be a part of
the close-grained analysis that we have in mind.

A number of people picked up on outcomes,
the kinds of outcomes that might not have been
so much on the agenda before this Forum. The
outcome that seemed to strike people as particu-
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larly Sgnificant is the notion of the learning or-
ganization. One group after another picked up on
the idea that perhaps we need better ways to

think about learning organizations and about how
one achieves that learning across al levels. Pos
sbly, others propose, if we redly care about
bringing the knowledge together, there are les-
sons to be learned from other kinds of places,
other systems. Just recently, a a conference on
systemic change in business organizations, |
picked up a new book and saw a section in there
on systemic change. | said, “That's got to be on
the Forum.” Businesses have been moving to-
ward not so much how you get al the externd
parts linked, but how in the world you put the
parts together within your own organization.
How do you make sure that finance, marketing,
and research are connected in some way? Many
have asked, Is it not useful to at least think about
systems and see what lessons have been gained
from other settings? Someone else asked, “Might
it not be useful, if we redly want to move to a
systems approach, to understand how distributed
intelligence, the notion that has recently gained a
lot of interest, is amassed to affect system perfor-
mance?’ The idea is that the knowledge can be
around in a lot of places, and the challenge be-
comes bringing that knowledge together to affect
the notions of performance.

The next stage of moving toward an under-
sanding of systems would suggest a couple of
things. One, it seems essential to take the various
experiences and try to extract from them what is
common. It's the same question that one of the
groups asked, Under what conditions do what
factors have what effects? It might not be that
one can tak uniformly, for example, about the
consequences of unions. It might be that that will
matter a lot for conditions that can be specified,
and specification becomes the task. But aside
from trying to extract from the several experi-
ences, this idea that the system itself merits atten-
tion, that the relationships warrant study, does
deserve dtention and interest. It proposes that, at
least for the research community, the next task is
what we would call systemic research, research
on systems, and research that links researchers in
quite different ways. If we are indeed products—
victims, if | can put it that way-of our own ori-



entations, is it likely that we're smply going to
move outsde of that orientation to try to capture
other parts of a system? Perhaps not. I'm struck
by Daryl Chubin’s comment yesterday that the
researchers who come through the Nationa Ingti-
tute for Science Education should not look ex-
actly the way they did when they went in; they
should have had atention to other kinds of forces
that might have rested outside of the concerns
they had brought to the Ingitute. But that's no
simple matter. Again, there are not a lot of re-
wards, there are not a lot of places that acknowl-
edge anything that moves outsde of the bound-
aries we're often accustomed to. Thus this notion
of systemic research is something that is going to
take a lot of attention and resources. Coming into
the picture adl of the time is, What does it take to
move things to the next level?

Let me then close by remarking again on
Follett's idea. Follett said, “There is an impera
tive for collecting more exact information, for
observing more keenly, for experimenting more
widely. But,” she went on to say, “there is an im-
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As Cora did, | will draw on a number of
sources from the conference and reflect a little
bit on the history of systemic reform to look at
where we've come from and suggest some
thoughts for the future. One of the things we
learned from the papers, and in the discussions,
and in the feedback we got is how much this is a
tridd and eror process. Iris Weiss hit it right on
the head when she said, “The theory underlying
systemic reform was exceedingly thin, indicat-
ing, for example, the importance of shared goas
and policy dignment, but providing little guid-
ance on how to achieve either.” We dtarted off
with a sort of genera notion and have come a
long way.

Before reflecting on how far we've come, |
want to consider another paper that was pre-
sented, an excerpt from the SRI evauation of the
25 Statewide Systemic Initiatives (SSIs; Zucker,
Shields, & others. In“Exhibit 2: TheSSIs’ Strat-

pertive for the organization of knowledge” Her
idea was that you do not advance knowledge
merely by gathering al of the bits and pieces.
There must be a way to put that together so that
you can tak about the relationships, understand
the patterns. That then is this task. It's the task
that is an engaging one, a daunting one, admit-
tedly. But it's one, | would say, clearly worth the
investment. For perhaps there is no reason to
continue essentidly mudadling through. Perhaps
there is no reason for each place, for each set of
actors to have to try separately to determine what
connections exist. Perhaps it is the wedth of ex-
perience, knowledge that a Forum such as this
would represent. Perhaps here would lie the pos
shilities for developing that kind of knowledge
base that's going to be essentid if we are going
to be able to talk about reform for the purposes
this is dl intended. And that is improved under-
standing.

Reference
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egies for Promoting Systemic Reform” the au-
thors chart which of eight dtrategies are used by
each SSI. They indicate the primary means, a
dtrategy that congtitutes the core thrust or one of
the few of the SSI, and secondary means, a key
portion of the activity but not centrd. What you
get from this chart would be what we've been
regping from the SSIs, if we assume that what the
dtates have tried to do is what we're getting. Sup-
porting teacher professond development as part
of a comprehensive strategy for creating an infra-
sructure for loca capacity building is a priority
and is identified as a primary drategy in 16 and
12 dates respectively. Aligning dtate policy, mo-
bilizing public and professond opinion, reform-
ing higher education and the preparation of
teachers, and supporting model schools and new
materiads are secondary. It's a mixed view for
funding loca sygemic initidives. So if thisis
roughly correct, what we've darted off with is
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significant capacity building and support for
teacher professional development. We have much
wesker support for digning state policies, mobi-
lizing public opinion, reforming higher educa-
tion, and supporting model  schools.

Well that leads me to reflect on a question
that Bill Clune raised, “When are there enough
pieces of a complete reform to produce some sSig-
nificant results a a relatively modest cost?” As a
high priority we need to understand what the pay-
off is from patia change. In the presentations
and the sessions people said, “We've got to
change everything, and then change it again.”
Well, I've been around a long time, and | don't
know whether I'll live to see that. What we have
to ask, | think, is, “What payoff do we get from
the initid thrusts, which are teacher development
and capacity building? How do we bridge out
from those into the other areas-mohilizing pub-
lic opinion, reforming higher education? And
what are we getting now in terms of cost effec-
tiveness from the exigting teacher and profes
sona development and capacity building? For
many years David Tyack and | have been doing
work called “What Reforms Last? We have
looked a a hundred years of education reforms
and sorted them into three categories. those that
have lasted, been imbedded in the system, been
left-in a barnyard sense-as a permanent de-
posit; those that have faled or have faded, il
around but in very few schools, and those that
ebb and flow, go into the Bermuda Triangle and
come back. Things that have lasted include spe-
cid education, vocational educetion, Carnegie
units, guidance counselors, and graded class-
rooms. The things that haven't lasted include
team teaching, flexible scheduling, the new math
of many years ago, and educationa television.
The ebb-and-flow reforms tend to be things like
multicultural education and bilingua education.
The things that have lasted tend to have three
characteristics: they are dtructura or organiza-
tiond changes, they are easily monitored; and
lastly, crucid, they develop a supportive long-
term congtituency. The characteristics of the re-
forms that have largely faled or faded are that
they have tried to change the culture of the class-
room, have tried to change pedagogy draticaly,
and haven't built a strong, powerful constituency
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dther among a specia categorical group like vo-
cationa educators or among teachers. And that's
what | worry about. If we don't build out fast
from this professona development and provide
more loca capacity building, we'll be in trouble.
So our chalenge here is to build a condtituency
for systemic reform over the long run. History
suggests that the Nationd Science Foundation
may someday move on. How well equipped are
the groups around it to mohilize public and pro-
fessona opinion behind such a congtituency? |
think that's very important. In the discussion sec-
tions we heard that one of those potentid con-
stituencies is higher education. We heard that
Advanced Placement, a form that seems to have
lasted, increased eight times in about the last de-
cade. That's a hig change. So if we're not linked
into higher education-admissons, teacher edu-
cation, financid aid-and we're trying to do pro-
fessional development and capacity building, we
may be in a very difficult Stuation. A lot of
people in the discussion groups picked up on Uri
Treisman's recommendation to try to work from
the middle out in picking up groups. This anay-
sis of where we are and what lasts leads me to
another discussion we've had, “Do you capture
the flag or capture the system? Capture the flag,
a | understood it, conssted of the Systemic Ini-
tiatives capturing pots of categoricd moneys and
bringing them in to reinforce the SIs. Eisenhower
is a classic example of that. Eventualy we have
to move to capturing the system, or we would be
relying on a structurd add-on. Structurd
add-ons, such as vocational education and spe-
cid education, last, if you have a powerful con-
dituency. But they don't tend to impact the core
system, which is what we're trying to do. Look
again a the focus on supporting professiona de-
velopment. To move beyond capturing the flag
and capture the system, you'd have to do some
thing about that thing that | think Moses handed
down, the teacher sdary schedule. We've had the
same teacher salary schedule since the 1920s
when we combined the elementary and second-
ary schools. Teachers get paid for the number of
years of service and the number of credits be-
yond the BA. You heard Susan Loucks-Hordey,
the NISE professional development team leader,
say that teachers want their one-credit sessions,



o trainers offer them. We need to change the sal-
ay dructures somehow to get the kind of pur-
chase that we want. How can we bridge out from
where we are now? How can we make it last?
How can we make systemic reform capture the
underlying system rather than a few flags on the
outside?

Another persistent theme is how much con-
text matters. There is no Statewide systemic re-
form or systemic initiative; there are states doing
things. What Connecticut is doing is very differ-
ent from what Texas is doing, and it will be dif-
ferent across states. These SSIs will not add up to
one grand thing, because context will drive the
differences. Within the discusson of context
there was not much tak at dl, if any, of one of
the halmarks of conflict around systemic reform,
which is the centraization/decentralization con-
flict. We discuss this very little. But systemic re-
form early on was interpreted as centralizing
what ought to be known-content, and perfor-
mance Standards, and so on-a the state level, or
in urban systems a the digtrict office. A lot of
people say, “I don't look for reform in the Wash-
ington, DC, centrd office or the Milwaukee cen-
tra office” Or they say, “State level is too cen-
trlized” So how we blend centrdization and
decentralization warrants some careful  thinking.
We need to discuss that area more carefully in
the future. If systemic reform is seen as a centra-
izing thing, bringing the system together around
a central set of concepts or content, it will be re-
ssted unless there is a way to harmonize it with
decentralization. And where the centrd systems
lie in that is important. We need some mix. The
equity issue aso ties into centrdization. The his
tory of education reform has been to create eg-
uity through more centralized policies, specia
education, school desegregation, Title |, and
other things of that sort. Can we have equity
without extensive and excessive centrdization of
policy? Who's a the center of the system, and
who's a the decentralized area?

Another persistent theme was how much the
classroom context varies, so that the impact from
systemic reform varies a great ded by teacher.
There was a vision of teachers as brokers, hear-
ing different signals coming in. The people who
originated  systemic reform emphasized  getting

the dgnds draight, sending consistent signds to
teachers about what mathematics and science is
most worth knowing. Right now the colleges and
universities in Cdifornia say to ther new stu-
dents, “We'll give you a multiple-choice place-
ment exan when you get here” Cdifornia State
University gives nineteen multiple-choice ques-
tions developed by the professors to determine
who goes into remedid education. On the other
hand, we have a grand Cdifornia mathematics
framework based on NCTM standards, but there
are no rea stakes connected to it. How do we
keep the signals straight so that the teachers in
their brokering function in the classoom have
some consistent systemic things they're reacting
to? They must adapt to ther own context, obvi-
oudy. What came out in the discusson groups
was to dtart with what teachers care most about
and then mutually adapt the systemic policy to
the teaching context. Again we have an adapta-
tion theme within a centraization theme. Within
the teacher area and teacher context was, of
course, teacher and professional  development.
The presentations and discusson a this Forum
made clear that we know a lot about how to do
professional  development well. This fidd has
grown enormoudy; last year's Forum added to
that. Ten years ago we didn't have a clue, at least
a the policy level, about how to do professiond
development compared to what we now know.
And it's such things as you heard of intensive,
sustained, teacher collaboration learning organi-
zations. What | hear from people who are in lead-
ership roles about this is, however, “Yes | know
more about how to do good professiona develop-
ment. But how do | bring it in on any kind of a
massive scale? These good examples redly pump
you up, but they're farly isolated. How do |
make them in a broad scale-how do | transform
them into a broad scale thing other than just a
vignette of how to do it?” So we need to move
from how to do good professonad development,
to-picking up some of my earlier themes-how
to build a condituency to spread it throughout
the entire system, and how to link it more closdy
to things like sdary schedules and unions. When
there was tak of professona development and
teacher context, one of the themes in the discus-
sion groups and in the papers was the fear of get-
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ting lost in the process of systemic reform and
losing the holistic nature of it. Cora talked a lot
about that. The tendency is that, if you're work-
ing with so many parts and relationships, you
tend to get lost in the trees and miss the forest.
Some of the discussion groups talked about
what might have been a debate when Mondale
was a politician, it goes so far back. “*Where is
the beef?” A lot of discussion centered around
systemic reform, professional development pro-
cesses, what knowledge is most worth knowing,
and who should decide that. To do professional
development you have some idea what knowl-
edge you're trying to develop toward. We came
up with and then emphasized the idea of peda
gogical content knowledge. There's not only
pedagogy there, there's content,, There was not as
much discussion, so | think there must be some
assumption in the room about what knowledge is
most worth knowing; however, as you all know,
that's still under heavy debate. In Caifornia we
cannot settle our mathematics curriculum at the
state level. We're a state-driven program in some
ways through textbooks. We' ve been able to
settle reading through balance--whatever that
means-but mathematics is still a blood bath
That surprises me a lot I've been writing a lot
about the politics of curriculum, and I would
have thought math would have been easier. But
the factions are too dug in, and they cannot re-
solve their differences. We have no ability to
move ahead on a mathematics policy that would
trigger a broader statewide systemic reform Sci-
ence, for some reason, has flown under the radar
screen of tlhe objections; | don’t know why. Sci-
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ence gets approved automatically. There was a
group talking about what they saw as ‘“whole lan-
guage science” in California. There are some ar-
ticles about the spread of whole language science
that could be some of the constructivist tech-
niques we're talking about. One state has an in-
terest group caled Phonics for Christ. At some
point systemic reform has to confront the beef,
identify what knowledge is most worth knowing.
And that gets us into fundamental political allo-
cation because the reform can’t be driven with
that.

In this meeting a lot of people were tossed a
concept of systemic reform. The concept was
pretty vague, even highly underdeveloped, and
did not come from a very explicit theory. The
evaluation of it, as we heard, is difficult to pull
off given the underlying uncertainties. But we've
come a long way. We're making progress. There
was alot of defmition of the issues and a lot of
concrete ideas. And we' re bringing some reform
into the classroom. The key to systemic reform in
the ‘long run is steady work, keep at it. The theme
of a CPRE Brief (1997) is persistence and
change. Refform is a long struggle. It doesn't hap-
pen overnight, but we're moving forward. With
steady work and persistence, | think we will
make a major difference.
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Thank you very much Mike and Cora for those
inspiring  comments. They certainly helped me
hone my perspective on the many interactions
and discussions going on a this conference that |
was not able to see or hear.

My role in the Nationd Science Foundation for
the last few years has been as director of the
program that conceived the idea of a National
Ingtitute for Science Education and then made the
avard to the Universty of Wisconsin from among
a fidd of strong competitors.

The reason that the Education and Human
Resources Directorate decided to create a large
indtitute is that, while we award grants to thou-
sands of individua projects, we do not have
sufficient opportunity to think about the big
picture. So we decided to look outside NSF for
help to develop a new Inditute. One of our key
gods was to create an entity that would be
crossdisciplinary. We redlized that just having
education researchers doing research about
education is not enough. We redly need the
views of scientists who create the science that is
taught in the schools and, indeed, taught through-
out higher education. All of the projects that have
been created a Wisconsin have these features.
The NISE projects involve people throughout the
university and beyond. The size and the geo-
graphic and professional diversity of this audience
today shows aso the broad reach of the NISE.

We need to have this many communities thinking
about these problems because we do not yet have
a common knowledge base. The discussions here
yesterday suggest that there is, for example, no
widely accepted single theory of systemic reform.
All of you in this room are somehow involved in
the process of trying to create a theory of
systemic reform or apply it in practicd Stuations.
There is no single Einstein-like genius behind our
thinking. The thinking and understanding occurs

during the exchange of ideas in forums such as

this. | agree with Daryl Chubin, who said that all
of us atending should not leave here the same.

We should leave here with a new commitment to
think about how to create the conditions that will
help us understand what to do next.

Rochelle Gelman, a psychologist, convinced me
that the mind is not a tabula rasa, but is active.
Luther Williams, a biologist, described how hard it
is for him to get his hands around the education
system because, once some part is identified,
another weakly understood aspect pops up
somewhere else. The education system seems
closer to a sponge than to a machine that can be
understood in terms of inputs and outputs. |
suggest that administrators of programs experi-
ence the education system this way because
active minds are aways creating new options. As
soon as someone provides a model for under-
danding the education system or an agpproach to
action, others who dso are involved in the
process respond with new theories or aternatives
to the origind plan. This is the human condition.
We are adways deding with credtive, active
people, both in schools and among ourselves as
scientists.

Our experience with systemic reform has shown
us that making improvements in the U.S. educa
tion system aso involves improving the use of the
public's money. Some education programs invest
substantid  amounts of money to implement a
sngle plan, working on the assumption that with
sufficient funds we can improve professiona
development, create a curriculum, or generate a
better public understanding of assessment. But |
am convinced that more essentid for reform to
be effective is wise invesment in the develop-
ment of ideas and in the use of information. The
mere availability of money will not make a
progran  more  effective,

That is why we created a single place, an Indti-
tute where we can begin to add up the knowl-

edge. As Cora Marrett put it, we need a place
where we can share our understanding, criticize
it, come back, revise our theories, and through

this process develop a more powerful and
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informed model that we can share. We need a In closing, | want to consider our priorities for the

place where we can nurture the ideas. future. | was a little gpprehensive about holding a
conference on systemic reform because of its

NSF does not have enough money to purchase al  complexity. In fact, | asked Andy not to feature

the change that is necessary in the education systemic reform in the first Forum and in other
system. We can generate this change only by meetings because | thought we had too little
creating the ideas that can convince others. understanding among ourselves to address it

Making sense out of the experiments that we call  publicly. So this year you did it. Thank you, Andy,
systemic reform is needed badly. One purpose of for being brave enough to take it on. Having
this meeting is to begin the process of creating a  come this far, we should frame the next set of
common understanding about systemic  reform. priorities on the basis of this conference. What is
And the purpose of the Ingtitute is to further worth the effort? What is worth knowing? How
consolidate our intellectual underpinnings so that  can we choose what is worth knowing?

this understanding can grow beyond the partici-

pants here. Thank you al very much for participating.
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Appendix A

Current Agencies Involved in Curriculum Improvement

National Science Foundation 43.9
Fostering state-of-the-art mathematics and science

National Aeronautics and Space Administration 44
Fostering space science

Environmental Protection Agency 3.0
Fostering environmental education

Department of Energy 22
Programs associated with laboratories

Department of Health and Human Services 8
NIH - Fostering health education

Department of Education 0
Department of Interior 0
Department of Defense 0
Department of Agriculture 0

*FCCSET FY 1994 Budget Summary
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Appendix B

Comprehensive Mathematics Curricula & Funded Projects with Contact Information
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Appendix B (continued)

ARISE: Applications/Reform in Secondary Education (H)
Landy Godbold (404)355-8673

Connected Geometry (H)
E. Paul Goldenberg (617)969-7100 x2513

The Connected Mathematics Project (M)
Kathy Burgis (517)432-3635

Cooperative Mathematics Project (E)
Laurel Robertson (510)533-0213 x247

Core-Plus Mathematics Project (H)
Christian R. Hirsch (616)387-4526

IMP: Interactive Mathematics Program (H)
Diana Resek (415)338-2071

Investigations in Number, Data and Space (E)
Susan Jo Russell (617)547-0430

Math Connections, A Secondary Mathematics Core Curriculum Project (H)
June G. Ellis (203)244-1942

Mathematics in Context: A Connected Curriculum for Grades 5-8 (M)
Thomas Romberg (608)263-4285

Middle School Mathematics Through Applications Project (M)
Shelley Goldman (415)497-7963

Seeing and Thinking Mathematically (M)
Glen Kleinman (617)969-7100

SIMMS: Systemic Initiatives for Montana Mathematics and Science (H)
Glenn Allinger (406)994-5351

STEM: Six Through Eight Mathematics (M)
Rick Billstein (406)243-2603

TIMS: Teaching Integrated Math and Science (E)
Phil Wagreich (312)413-3019

UCSMP: University of Chicago School Mathematics Project (E, M, H)
Elementary component: Max Bell (312)702-1563
Secondary component: Zalman Usiskin (312)702-1560

E Elementary school level
M Middle school level
H high school level
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Appendix C

Comprehensive Science Curricula
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Appendix D

Criteria for Judging SSI Strategies

Criteria Aligning State Policy}] Supporting Teacher Creating an Developing,
Professional Infrastructure for Disseminating, or
Development Capacity Building Adopting
Instructional
Materials
Quality Development of Meets subject matter Qualified personnel, Instructional materials
ambitious and clear |needs; research-based, |content expertise; that reflect national
standards for student [sustained, adequate time [sufficient resources, (NCTM, NSES)
learning that serve as |and intensity, models  [intensity, and duration to |standards for content
the basis for active learning, provides |have impact on resource |and pedagogy
alignment of key for engagement with users
policies shaping the |ideas and peers; teachers
educational system [involved in design,
designed for varying
learners; meets needs of
teachers and schools
Access/ N/A Broad array of teachers |Access is offered to the  |Access to materials is
Inclusion have access full range of teachers and |offered to full range of
schools in the state teachers and schools in
the state
Scale Full range of policies |Serves substantial Structure and resources  |Explicit plan in place
(e.g., assessment, proportion of teachers |are sufficient to reach all |for getting materials
professional with clear strategy for |or most of the state into all classrooms
development, teacher |reaching majority of
credentialling, school |teachers in state
accreditation) are
aligned
Sustainability ([Policies are codified |System and funding in [Sufficient resources— Explicit and realistic
or at least formalized; |place to continue to financial, personnel, plan (e.g., use of
support for policies is [support high quality material—are available to jcommercial publisher)
broad professional maintain infrastructure for maintaining
development availability of
materials
Impact Clear evidence of Evidence that teachers |Teachers, schools, and  [Materials are being
substantive policy have gained new districts are taking used in classrooms
changes aligned with |knowledge, skills, and [advantage of resources  |resulting in improved
standards attitudes available through the practice
infrastructure
Theory of Explicit strategy Professional Support provided through {Materials are
Change exists, rooted in development includes  |the infrastructure is of accompanied by
political context of  Jexplicit strategy to sufficient duration and sufficient support for
the state, for policies |{support teacher change |infrastructure, fits the teachers so that they
to impact local beyond workshops, political and resource can impact

practice; incentives
for teachers to
participate

including addressing
schoolwide change
needs and contextual
constraints

context of the state

classrooms; incentives
to use materials
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Appendix D (continued)

Criteria Funding Local Supporting Model Reforming Higher Mobilizing Public
Systemic Initiatives Schools Education and Teacher | and Professional
Preparation Opinion
Quality Sufficient resources, {Sufficient resources, - |Clear standards for high- [Clear and well-
incentives, and incentives, and support |quality teacher education; |articulated vision of
support to ensure that |to ensure schoolwide |[sufficient resources, high-quality
local sites can improvement incentives, and support to [mathematics and
progress with local ensure substantive science; high-quality
systemic reform improvements; focus on |public relations
both content and material distributed
pedagogy through appropriate
channels to target
audiences
Access/ Local systemic Model schools Full range of IHEs in Target of public
Inclusion initiatives represent [represent range of state have access to SSI  [relations to many key
range of districts in |schools in the state; activities or to lessons  [groups within the
the state; opportunity |opportunity for from SSI pilots state
for participation was |participation was open
open
Scale Explicit and realistic |Explicit and realistic ~ |Explicit and realistic Explicit and realistic
plans for transferring |plans for transferring  |plans for reaching all plans for reaching
lessons from local  {lessons from model major THEs audiences within the
systemic initiatives  |schools to other sites entire state
to other sites
Sustainability |Explicit and realistic |Explicit and realistic ~ [Explicit and realistic Explicit and realistic
plans for continuing |plans for continuing  |plans for continuing plans for continuing
support of local support of model support of IHEs public relations
systemic initiatives  [schools . efforts
Impact Clear evidence of  [Clear evidence of Improved undergraduate |Evidence of increased
changed local improved schoolsin  [classes in mathematics, [support for SSI's
systems in terms of  |terms of professional  |science and/or education; |vision of high quality
aligned policies, culture, explicit better prepared entering |mathematics and
quality of planning, and changed |teachers science among public
professional classroom practice and/or professionals
development and
curricular materials,
and public and
professional support
Theory of Quantity, quality, Quantity, quality, Explicit strategy for Explicit strategy for
Change scope, and scope,.and sequencing |addressing the incentive |changing public and
sequencing of of support to schools is [issues associated with professional opinion
support to local explicitly tied to a changing higher that takes into account
initiatives is realistic theory of what |education preconceived notion
explicitly tied toa  [local systems need to of good mathematics
realistic theory of improve mathematics and science

what local systems
need to improve
mathematics and
science for all
students

and science for all
students
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