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Intervening in the Professional Development of Science Teachers:

The Colorado Science Teachir:g Enhancement Program

The purposes of the Colorado Science Teaching Enhancement Prigram
{(CO-STEP) are 1o improve the background in science content and the nstruc-
tiona! skills of teachers in grades four through six throughout Colorado and @0
support the implementation of effective instruction. During the fall of 1991
with support from BSCS and participating colleges and school distriets, BSCS

initiated a pilot test of the CO-STEP project at Centers in Colorado Springs and

Paut Kuerbis and Keith Kester
The Colorado College
Colorado Springs, CO

Fred Stein & Christine Jones
Colorado State University
Fort Colling, CO

Carnle Hayes & Diane Wheeler

. _ , Nr,glas County Schoois
Pueblo. In June 1992, BSCS received support from the National Seience Foun- Ca;t?e Rock C%

dation to expand the pilot test to include a total of six Centers (see figure 1) Kathleen Kai: & Teresa Kottenstetie
Mesa Valley Schools

Grand Junction, CO

During the past three vears, BSCS has formaed a network of six Teacher Devel-
opment Centersin Colorado and has conducted a trainer-of-trainers program for

Sheryi McGlamery & Jay Hackett
University of Northern Colorado
Greeley, CO

mstructors from those six Centers (Ellis and Maxwel!, 1993 'The Teacher

Development Centers coordinate teacher enhancement programs and feliow-up
unplementation support for teachers who participate in the prowect. Physical sei- Jack Seilheimer & Cindy Beller
. University of Southern Colorado
enee {1 ¢, physics. chemustry, geology. meteorology, and astronomyy, life sci- Pueblo CO

ence, and environmental science content that 1s essential to teaching seience i

the upper-elementary grades s a central focus of the teacher development pro Fugure 1 Center directors

gram  Feachers alse leam how o niuse the science content into dheir cutrieu
lunt and instruction Throughout the 60-months of support from the National Scienee Foundation (NSEF) 1eachers develop
mstructional skills, including cooperative learning, constrictivist-hased teaching strategies, and innovative assessment
procedures  Center staff and istructors model these matnictional techniques for the participating teachers dunng the
fectures, discussions, field activities, and laboratory sessions of the science cot ses  Participating teachers adapt instructional
umits from extant curniculurn materials and field test. evaiuate. and revise the units for tse in therr classrooms
1.1 Project Goals and Objectives

The three goals of CNO-STEP are' 1) to unprove the science background of elementary teachers, 2) to help teachers apply
new pedagogical strategies in teaching, and V) to assist teachers woadapting nistructional units for seience education CO-
S1TP has the following objectives

« Pistabush a Colorado network of six Teacher Development Centers to support collaboration among science faculty,
science educators, and teachers for the wnprovernent of science instruction 1n upper-clementary grades
< Conduct a trainer-of-trainers program to prepare effective teacher edueators for cach Teacher Development Center
«  Develop the leadership skddis of teachers in grades four through six whovwall assist colleagues i anproving science
mstruction
Improwve the understandnig of scicnce coneepts, scienee processes, and the natnre of saienee of teachers and therr
colleagues
« [inhance the sciencee waching methods of teachers and thew colleapues
Docurnent the effectiveness of a teacher development maodel at enhancing the sacnee knowledge and mstroctional
skills of upper-elementary school scicnee teachers
¢ Ihsseminate the teacher development model and effective approaches for teacher enhancement to teacher edncators

throughout the nation
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BSCS Teacher Enhancement Proposal - page 2

1.2 Project Design
During the 60-months of support from NSF, the project staff will build an infrastructure to provide teacher development and
foilow-up implementation support directly to approximately 300 teachers and indirectly to 600 additional ¢lassroom teachers,
these teachers will serve 25,000 students. CO-STEP will serve the teachers at a cost to NSEF of approximately $1.700 per
teacher

1.2.1 Teacher development network. I3SCS has established in Colorado a state-wide network of six Teacher
Development Centers Figure 2 presents the infrastructure of the teacher development network. Fach Teacher Development
Center (TDRCY 18 a collaborative partnership among a university and one or more school districts Most sites are atfihated
with  Yer the Colorado svs-

temic imhative or with the

Colorado Alliance for Sci-
ence  Fach TDC has a diree-
tor and coordinator that are
responsible tor managing the
NSF-supported aspects of
the project. The Teacher

Development Centers will

continue bevond NSIE sup-
port

1.2.2 Trainer-of-
trainery program. 13SCH s
conducting a tramer-of-train-
ers (TOT) program for the
statY from each of the six

Teacher Development Cen-

ters A maximun of four

statt members from cach

Center ¢ g, the Center ollaague
GR .4
director, the site coordinator, 3

the site evaluator, and a mas- (
Colisegue
ter teacher and an adrmnus- \ R4
trator or bothy are participat- L _
mg m the BSOS 1O pro Figure 2 Teacher development network

pram

Lo prepate the Centers to design, conduet, and evaluate ther teacher development projects, BSOS s conducting the
following TOT courses

o 1O imsnnute. BSOS statf conducted a statt development program {or the statf members from the Centers One
institate was held during the summer of 1992 for the first tour centers, and individual imstitutes were held for the last

Q
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BSCS Teacher Enhancement Project - page 3

two centers as they jotned the project. Dunng the TOT institute, the Center staff studied the basic d+sign for the
teacher development program for CO-STEP, learned about the science content and instructional strategies that are
the focus of the program, adapted the basic design to their situation, and developed an implementation plan for their
project.

TOT seminar. BSCS staff convene regular meetings (bi-monthly in years one and twe and quanterly thereatier), at
various sites throughout the state, o encourage project staff to share the results of their teacher development pro-
grams and to continue study of effective approaches to teacher development. BSCS stafY also conduct two or more
site visits to each Center dunng the school year. BSCS staff hold one seminar early each spring during which project
steti review their Strategic Planning Course and Science Content Course and develop a course svllabus and imple-
mentation plan for their Curmculum Planning Course  BSCS staff also serve as guest speakers for each Center
throughout the project,

Fach Conter recerves the following incentives tor participation in the project

+  One initial site visit by BSCS staff for consultation with the Center leadership team. school adminstrators. and
tcachers from all participating districts.

+  Up o $30,000 in matching funds during the first year of participation, up to $20.000 during the second vear. and up
to $10,000 the third vear. In addition, cach of the Centers will receive a total of $45,000 to provide stipends
teacaers for the summer institutes ($500 per teacher)

« I'ravel and hving accommodations for four members of the Center stat to attend the TOT mstitute, workshops, and
seminars

«  Follow-up consultation and support trom BSCS statf. including sit2 visits

In return for support from BSCS and the Center, the Center asks cach district participating in the Center to

provide cach particip mt with a maximum of six release days duning each school vear to attend the teacher develop-
ment sesstons and to participate ncollaboratve planning and coaching,

support the costs for an admimistrator to coordinate the district program and to provide classroom support to partict-
pating teachers;,

allocate $500 o cach participating elementary classroom teacher cach vear to purchase curmicular matenials and
cquipment. and

« authorize field tnps for students to conduct science studies

2.0 Rationale for CO-STEP

2.1 The Need

Critizens read daily and hear constantly about science issues such as earth quakes. mass transportation. communication
technology. air pollution, wauter conscrvation, waste disposal. and global warming. In the last decade. the ui .. ev of prob-
Jerns such as population growth, resource use, and environmental degradation has increased and expanded from the concerns
of 1 few scientists to a cnsis for many citizens  rrom lecal to global perspectives, the situation demands attention from an
enhightened ctizenry, an ideal that Jefferson felt was a prerequisite for an eflective democracy. Unfortunately, the evidence
indicates that Amerscan citizens are neither enlightened about nor attentive to scienee -related issues (Mulhs and Jenkins,
1988, Miller et al., 1989

Sctence education 1s anan era of reform Atler more than a decade of reflection, study, and national teports, manv large-
seale projects of curniculum development and teacher education are underway - The mescapable presence of science and
technology-related issues and the extensive retorm ol educational programs present the aced and opportunuty for improved
science education  Estahlishing a substantial conceptual and experiential toundation during the elementary vears seems the
maost reasonable place to begin developing a ciizenry that both understands seienee and technology and acts to umprove

mnteractions with the world

Q .
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CO-STEP embodies the new directions in elementary school science exernplified in the following national reform
ctforts: Project 2061 Science for Ali Americans and Benchmarks for Science Literacy (AAAS, 1989, AAAS, 1993),
National Science Fducation Standards (NRC, 1994), Gerting Started in Science: A Blueprint for FElementary School
Science Fducanon (The Natonal Center for Improving Science Education, 1989), and New Designs for Elementary School
Science and Health (BSCS and [BM, 198Y). Central to all three reports are the following recommendations The new
scienee programs should

+ provide hasic education in science and technology tor all students,

+ focus on major themes in science and technology:

» cmphasize less content in greater depth,

cnable children to leamn by constructing meaning from hands-on experience,

* incorporate cooperative leaming; and

+ coordinate with comprehensive school reform efforts involving schools, teachers, und the curmeulum

Schools in the United States, however, have vet to act decisively in providing programs that will prepare students with
the knowledge and skills they will need to address contemporary challenges such as o1l spills, limited natural resourees.
starvation, the destruction of the rain forests, and future challenges vet unknown (AAAS, 1989). This 1s particularly true for
rnonty students, who are beconmung the majonty of the students 1 pubhe schools (AAAS, 1989, Hodgkinson, 1986, Vetter,
1988y, RSCS designed this project, therefore, to estabhish a network of Centers to support the implementation ¢ innovative
curriculum and pedagogy in elementary school science,

But, there are barriers to scienee education duning the clementary vears  Rescarch suggests that one of the barners to
seienee education stems from teachers’ misgivings about their competence to teach scrence  Teachers with a poor hack-
ground in scrence may not have the personal mterest in nor commutment to educating students about the environment. The
research mdicates that this barrier 1s based upon poor seience content and a lack of knowledge about how to approach the
development of instructiona) activities (Ham and Sewing, 1988)  Elementary science teachers especially are in need of
content updates in physical science  The research on barriers to envirenmental caucation also indicates the effectiveness of
having teachers experience a workshop designed to improve the content background and pedagogy of the teachers (Ham,
Rellergert Tavlor, Krumpe, 19%8)

2.2 Teacher Development Model

BSCS believes that a constructivt— pproach toinstruction s appropniate not only for elementary students but for thaer
teachers as well. Teacher development rather than teacher tramming 1s the focus of the proposed project. We would like the
teachers to became retlective practinoners (Schon, 1991 Grimmett and Enchson, 1988 Mohr and Macl can, 1487
Crnckshank, 1987 CLit, Fouston, and Pugach, 1990 who are empowered to study and implement improverents to they
matrictional practice feontent and pedagogy)  Througheut our work with the Center leadership teams ve encourage these

feams 1o use the following strategies to promote reflective eaching

Reflection ondearning tcachers use interviews of students, concept mapping. reflective note takimg, analvsis of case
studies, and small group discussions to retlect on then own learning and stadents’ learring

Reflection an sely teachers keep i journal, wiite a persendl biography. and develop a metaphor jor thar own teach-
g stvle

Reflection on action teachers use microteaching, videotapes of their own fessons onservations ot expert teachers
study groups, peer coaching, and mentoning and conduet case stady research

Reflection on program improvement teachers interpret results tromanterviews of students. parents, and otha
teachers, innovation contiguration checkhists, and student outeorne data

ERIC
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For changes in the teaching of science in the elementary classroom to oceur, teachers must leamn about and experiment
with the new pedagogy, such as a constructivist approach to learning, cooperative leaming, and activity-based science (Little,
1982, Joyce and Showers, 1988). Teachers also need to improve their pedagogical content knowledge - knowledge about
how to interpret science content for students. The introduction of teachers to the new pedagogy and science content for
elementary scienee 1s central to the project. Through this model for stalf development, the master elementary teachers are
introduced *o science content, the new curriculurn and pedagogy for clementarv science, and the effective strategies for
implementation (Fullan, 13ennett, and Rolherser-Bennett, 1990)

FFor any mnovation to become mntegral to a school’s instructional program, the school's personnel must complete the
¢vele of implementation: initiation, implementation, and stitutionalization Fach phase 1s critical to the long-term success
of any new program inihiative because what happens during one phase of implementation influences what happens during
subseyuent phases More importantly, successtully implemented programs include a plan for the activities of all three phases
from the outset,

2.2.1 initiation. [nitiation establishes the impetus for change. The events that oceur dunng inmitiation have a profound
+ffeet on the eventual outcome s of the innovation. Dunng the imtiation phase, schools 1) become farmihiar with the nhitloso-
phy and teatures and the innovation, 2) pilot test the inpovation with a few teachers, 3) decide whether or not to adopt part or
all of the components of the innovation, and 4) design the implementation plan - Marshaling a broad base of support for the
innovation 1s the critical task ot the Center leadership team duiing mitiation. The seuool improvement program will have a
long-term impact on teaching only if district administrators. teachers, and principals are central to the planming of the
implementation of the innovation from the outset (Berman and Mclaughhing 1974 Tullan, 1982). During ths phase, the
nnplementation team asks questions. How does this new program help us achieve our goals for instruction”? How can we
design a comprehensive plan for statf development? What are our long-range plans to implement this program? How can we
ensure that the changes in seience education become lasting”

2.2.2 Implementation. Implementation, the phase in which teachers begin to use a new program, requires at least three
to five vears, during whicli ime the leaders for change take many actions to support teachers. If these actions are not part of
a strategic plan for implementation, the innovation probably will not becorne integral to a school's mstructional program
Iissential to this plan are activities for traming. consultation, support, and monitormg the program's implementation, These
activities should be performed by all members of the distret implementation team, composed of the principal, a distnict
admirustrator, and a member of the Center. The school-based team (principal and eachers) provides the ongoing and daiiv
support that teachers need to use an activitv-based scienee program. For examyle, the principal ensures that teachers have
the materials they need and consults with teachers about the program, while the teachers help their colleagues plan and solve
problenis The consultants external to the school - the distriet administrators and statf of the Center - provide more compre -
tensive statt development emphasizing the latest trends i seience education and strategies for unplementation. CO-STEP
capitalizes on these experiences and the extant research by preparing the statf of the Centers to use effective staff develop.
ment and implementation strategres During atl phases of implementation, the BSCS stafl serve as consultants to the staft ol
the Centers

2.2.3 Institutionalization. Another goal of this proposed project 1s to promote regronal Teacher Development Centers

that are self-sustaiming after the grant peniod ends The funds from NSE | the Fisenhower program, und support from BSOS




BSCS Teacher Enhancement Proposal - page 6

provide only the seed money for such Centers. The Centers must be willing to commit significant funds and stail to make the
Centers self-sustaining

The cntical role of the Center 1s to support the long-term or institutionalized use of iInnovative approaches to the teach-
g of science  For instiutionalization to oceur, the members of the leadership team must consider how thew will ensure that
changes 1n clementary science are widespread. [nstitutionalization reguiies no fess effort on the part of the ieadership team
thar imtiation or implementation, but the activities are qualitatively different. During this final phase of implementation,
teachers need support to integrate the seience curnculum into other areas. Furthermore, plans for statt development must
include strategies to educate new teachers aid to enhance the skalls of teachers who have begun using the innovation

Although research about the wstitutionalization of both innovative instructional spproaches and Centers 1s muumal,
there are some promising trends. For exanaple, recent research suggests that when universities and schoul dist 1cts collabo-
rate toampros e schools, changes vecur i clessroom mstruction (Fullan, Bennew, and Rolheiser-Bennett, 1990V, When prin-
cipals and teachers work together with teams of teachers, activity-based science curricul s are mera likely to becemne integral
to the instructional progzam of the school tMuseella, 1989) An important facet of mistitut.onalization 1s renewal whereby the
U nter stefl prepare teachers to integrate other curmeular area into the scienue program (Fa:l and Hoed, 1987, For ex-
ample, constructivism and cooperative iea:mung are applicat. o to many Jitferent curnicular areas and therefore benetit ele-
mentary teachers responsible for teaching many different disciphies. BB5CS helyps the Centers become self-sustaining by
providing engeing support to e Uenter stat) through regular planning mewhings, qrrarterly meetings of the CO-STEP advi-
s committes, site visits, telephene monytoring, and internet I wdditionr when the Centers develop tharr plans for imple-
meatation, BSOS stafl suggest stratcgies tor the ng-term unplementation ot new pedagog:cal approaches to elementary
SUIChILe
2.3 Factors Related to Educational € hange

CO-STEP vcorporates results from research on educational change inits teacher development program and tollow-up
unplementation support. Educational change 1s a long ana tedious process that begins with the adoption of a new curriculum
or approach to teachrag. The decision to change 1s only the beginming; Hord and Huling-Austin (1986) found that it takes
three of more vears {1 teachers to make a substantial change 1n teaching

Cretting teachers to implement an mnovation such as a new approach to elementary seience requires the commitment of
the teachers. Consequently, several researchers (Beall and Harty, 1984, Berman and Mclaughlin, 1977; Fullan, 1982,
Rogers, 1983, Bandura, {977, Smith, 1987, Fullan, Miles, and Anderson, 1988, Rogers and Shoemaker, 197 1) have studied
factors related te a teacher's predisposition for implementing vanous educational mnovations - A svnthests of those tactors
viclds the followmng

¢ The teacher must have confidence that he or she can successtullv implement the new matenials and teaching practices
(self-efticacy)

+  T'he teacher must believe that the maovation will improve teaching, case some teaching tasks, and improve stndent
learning (cfficacy of the tnnovation)

+  I'he teacher must believe that the costs of implementing the innovation and of changing their teach ing behaviors and
matertals ultimately will be less than the benefits ganed from using the innovation (practicality ethie)

+  The teacher must percerve that the mnovation s sunple o master and unplement, that he o sbe can expeniment with
the mnovation on a himited basis in a low-nsk envionment and that he or sheosaall receve positive teedback trom
others for using the innovation

«  lhe teacher must hehieve that the mnovation s part of the cstablished - oersenlum and that ws not a fad

Q
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in addition to the tac'ors influencing a predisposiiion to unpiementation, researchers (Fullan, Miles, and Anderson,
1988; Ellis, 1989a: Ellis and Kucerbis, 1987, Kuerbis and Loucks-Horsley, 1989; Edmonds. 1979, Kellev, 1980, Leithwood
and Montgomery, 1981, Brickell, 1963, Emnck and Peterson, 1978, Fullan, 1982, I.oucks and Zaccher, 1983 Mester,
1984 Sarasen, 1971, Becker, 1986, Yin and White, 1984, Goor and Famris, 1982 Grav, 1984 Gradv, 1983 White and
Rampy, 1983, Watt and Watt, [986. Winkler and Stasz, 1983) also have identified factors that influence the successful
ituplementation of educauonal innovations. These factors are as follows:

Related to Teacher Development and Consultation Support

s The teacher must participate 1n quahty teacher development activities

»  The teacher must receive follow-up consultation, support, and encouragement The teacher must have the opportu-

nity to practice using the new matenals and teaching strategies with individual teedback (coaching) back in the

classroom,

The teacher must provide feedback about the implementation project and about his or her use of the innovation

+  School svstems must use that feedback from teachers to plan additional inservice and assistance, to provide support-
ive materials, and to consider possible modifications in plans, organizational arrangements, and the innovation itself

+  The teacher must have a clear picture of how the innovation can improve seience teachung

Related to School District Support

« The school district must give the teachers time 0 participate in training. to plan lessons, to review educationy)

materials, and to collaborate with fetlow teachers,

The school district must provide the teachers and students easy access to necessary equipment and matenals

«  The central office of the school district must sanction and clarifv the need for the innovation, give clear and consis-
tent communication, apply pressure, provide consultation, release time, materials, and resources for training

+  The school distniet and building admunistrators must collaborate with teacher s in developing a clear, long-range plan
tor implementing the innovation in the schools.

+  The school district must form building implementation teums that have a shared vision of the change proces agree

on and conduct a clear plan for implementation, provide technical coaching and assistance, arrange trainmg, cen-

force attempts to change, and put the program in the spotlight for evervone in the school community

The school district must provide incentives and psyehie rewards to teachers, including special recognition, release

ume, salary credit, and technical support

«  The school board and community must support the need for the innovation.

I'he principal must take an active role in imtiating, sanctioning, supporting, and responding to the innovation  The

princips! must provide teachers with access to resources, traiming, and assistance from others

The principal must establish i the school a positive environment conducive to change. The teacher must feel able to

explore new approaches and to risk failure

s+ The teacher must agree with administrators and other participating teachers on the need. appropnateness, and prior-
ity of the innovation

»  The teacher must be involved in designing the implementation plan, sefecting the educational matenals. designing
the mstnictional units, organizing the equipment and matenals, scheduling the use of the matenals, and training other
teachers,

BSCS has investipated the factors related to successtul unplementation CO-STEP will at nd to these factorsan the
design of s teacher development program  Several studies (Wu, 1987 Stecher and Solorzane, 1987, Smuth, 1987, BSCS,
1989 Stasz and Shavelson, 19851 have confirmed the following factors, which are empleved i the CO-NTEP program, as
characterstics of successtul implementation programs

«  Voluntary participation by teachers

+  Multple teacher devclopment sessions otfered over an extended period el ime (one semester or more), coupled with
follow-up support in the classroom

«  Credible and knowledgeable instructors  (Teachers often prefer other \eachers as mstrictors

Ongoimng iny slvement of teachers in planning the course  ( The mstructors must be flexible and wib' ng o adapt the

course to the needs of the teachers )

[nservice acavities matched to the expenence and concerns of the teachers

Q
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* Eixtensive hands-on practice with the matenals and teaching strategies that progresses from simple to complex
CXErcises.

+ Experience with instructional applications that offer promise for improving science education

+ Comfortable, relaxed, low-risk environment.

* Approprate balance between lecture and guided practice

+ Individualized attention.

«  Clear expectations and relevant objectives

«  Practical, classroom-related matenals and handouts

* Inservice lessons linked to instruction

+ Peerinteraction (teachers workrng together and sharing ideas in small groups)

+ Recogmtion that science teaching 1s a very complex task.

+  Assistance for teachers in making the transition trom theory into practice

Teacher need follow-uy 1n the classroom (coaching) 1o change their teaching behaviors. Several researchers point oul
that peer coaching 1s . cost-eflective way to improve teacher traming (Leggett and Hov'e, 1987 Jovee and Showers, 1987,
Shwers, 1985, Munro and Ellott, 1987, Brandt, 1987, Neubert and Bratton, 1987)  Garmstorr s 9¥87) points out that

ollegial coaching refines teaching practices, deepens collegiality, increases professional dialogue, and helps teachers think
.wre deeply about their work  The coaching should be conducted by pairs of teachers; focus on the prionity set by the ob-
served teacher; gather dat about the teaching strategy, student behaviors and outeomes, and teacher behavior and help
analyze and interpret the data {from the observation [t 1s important that the teachers practice the new strategies in a series of
several follow-up sessions. Showers (1983) and Leggett and Hovle (1987) recommend these b fow-up activities that fellow
I ge ! p

teachers might provide on a weekly basis observing the weacher practice the behavior in the classroom, followed by a
post-observation conference: providing support and encouragement. assisting in planning future lessons: organizing sharing
Acssions for the teachers to disenss successful and unsuecessful lessons. and helping with the location and production of
materials

3.0 Design for Change

The teacher development program incorporates the latest rescarch in learning theory. pedagogy. curmicular organization,
and educational technology  Each Center adapts the general model to the needs and interests of their participants, theretore,
cach site emphasizes the coniponents of the program in different wavs The tollowing sections desenbe cormponents that
constitute the general model of the CO-STEP teacher development pro cram
3.1 A Constructivist Teaching Model

Ce -structivist learmning theory suggests students learn best when they are allor :d to constiuet their understanding of
coneepts  The phrase "construct'ng their understanding,” means the tollowing

s Priorkne wledge. Students begin with the knowledge, skills, and understanding thev bung to the classroom By the
time ¢hil ren enter school, they already have what aice to them reasonable explanations for how the world works
However, those explanations are usually based on Iimited expenences

+ Common experiences. The purpose of the science curmnculum is to provide students with a common set of expert

ences that invices them to examine ther current understanding  The new experiences either support therr under-

standing or give them a reason to question therr thinkir g

Specific informanion. Next, students are given more specific mforn: hion about the coneept or phenomenon under

nvestigation. Students are introdduced to terms and find out how those terms apply o their previous experiences

tddinenal experience  Students parucipte in more expertences that challenge or elaborate upon their 1deas and the
mformation they just recerved  They use those expertences and the new information to contirm, refute, or expand
what they have  con thinking
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Constructing an understanding. Throughout this entire process, students question, ponder, discuss, argue, and
come to some conclusions about how this aspect of their world works  In this way, thev construct a new or refined
understanding of the concept or phenoruenon under investigation.

The tollowing describes the steps of the BSCS instructional model that teachers can use to help students through the

process of conceptual change

. Engage the learner. Thesc activiues mentally engage students with an event or question. Engagement activities
capture students’ interest and iielp them to make connections with what thev know and can do
Lxplore the concept. Next, students encounter hands-on experiences in which they explore the concept further
They recerve httle o~ planation and :w terms at this point, hecause they are to define the problem or phenomenon 1n
their own words e purpose at this stage of the model is for students to acquire a common set of expenences from
which they can help one another make sense of the concept. Students must spend sigmficant time during this stage
of the model talking about their experiences, both to articulate their own understanding and to nderstand another's
viewpolnt.
kxplain the concept and ddefine the terms. Only after students have explored the concept does the curmeulum andsor
teacher provide the scientific explanation and terms for what thev ure studying. Students then use the terms to
desenbe what they have expenenced, and they begin to examine mentally how this explanation tits with what thev
already know

to

‘wd

1 Elaborate on the concept. The next stage of the mo del serves to help students elaborate on their understanding of
the concept. They are given opportunities to apply the concept 1in umque situations, or thev are given related ideas to
explore and explain using the information and experiences thev have a- cumulated so far. Interaction between the
students 1s essertial during the elaboration stage. By discussing their 1deas with others, students can construct a
deeper understanding of the concepts.

[>haluate students' understanding of the concept. The tinal stage of the model has a dual purpose. 1t s designed for

the students to continue to elaborate on their understanding and to evaluate what thev know now and what they have

vet to figure out - Although the kev word of this stage 1s ev aluate, the word does not indicate tinahity in the learning
process  Indeed, students will continue to construct their understanding of these broad coneepts throughout their
hives

J

Ulse ot the 'S Bis” ensures that children are active in the learming process  [n mest textbook programs, students are
passive learners  They acquire ' ormation by reading about science or by | sriicipating 1n expenences tor which the answers
are giv - on the next page of the book. Such feaming 1s meaniraless because 1t does not refate to what students have ob-
served, wr experteniced. or otherwise already know or have jndged to be true

Meanmgtul learming does take time [t students are truly to understand the world, they cannot simply read, memorize,
and recnte 1solated bits of mformation and vocabularn word They must take time to wrestle with new ideas. to discuss their
1deas with thair classmates and teacher, to collect data and use that data to draw conclusions, and finally to relate what thev
are learniig to the world around them

I he instrectional model proposed for this program accommodates cooperative approaches to learming. Cooperative
learr: ng has a dual advan:age of having a sigmiticant research base and a widespread populanty among elementary school
personnel
3.2 Cooperative Learning

Cooperative learning 15 not so much learning to cooperate, as it 15 cooperatng to leamn  In cooperative groups, stidents
Hulp one another articulate opimons, compare pereeptions, share solutions, and develop skills for leadership and teamwork

escarch indicates such coeperation leads to higher achuevement (Johnson, Iohnson, and Holubee, 1486 Manv studies
hove shown posttive ettects tor both high- and Tow abihity feamners, dispeliing the mivth that high-achieving students will not

progress if they inferact with students ot lesser abihty




BSCS Teacher Enhancement Proposal - page 10

Recent studies show that students are more positive about each other when they leam to work cooperatively, regardless
of ability, ethnic background, or handicap. Students who have cooperative skills are more able to appreciate the perspective
of others, are more positive about taking part in controversy. have better develoned nteraction skills, and have more positive
expectations about working with others than students from competitive setings have (Johnson et al , 1981, Sharan, 1980)

I'ne teacher also benefits in this process because students in a cooperative setting take more responsibility for classroom
management. Hands-on science requires that the students interact with matenals, and cooperative learming 1s structured so
that the students, not the teachers, manage the matenals. The process begins in kindergarten, primary grade students can
manage matertals well Furthermore, within the tramework of cooperative learming, students take more responsibibity for
helpav .z cach other with assignments and problems That alleviates some of the stress on the teacher o mamntain order and to
keep the students on task

Another benefit of cooperative leaming s aimproved self~confidence for many students. Because the teammates become

responsible for each other's learning and have a vested mterest in cach other's success, all students tend to be more success-

tul - Success builds self-confidence By working 1gether, the students find out that each has something important to contrib-

ute 1o the group's work  As they find out that their ideas can be useful 1o others. the students become more self-contident
AUISCS we have applied the model of cooperative Jearming developed by David W Johnson and Roger T Johnson of

the Cooperative Learning Center, University of Minnesota, Minneapohs. We employ seven basic tenets of 11> model

Posive interdependence. Tu cooperative groups, cach student has a responsibihity to the team. Goals or tasks are
structured so that the students must concern themselves with the pertormance of all members of the group, not just
ther own performance

Soctal skills. At i foundation of cooperative learmng are social skills that help students share leadership, commu-
meate effectively, build trust, and manage contlict Generally, the students do not corne to the classroom wath those
skalls: the skills must be defined clearly and taught 1o much the same way that academic matenial 18 taught
Individual accountabidine. Fach member of the cooperative group is held accountable for the performance of all It
becomes the team's responsibility, not the teacher’s, to ensure that evervone parhicipates

Heterogeneity. Cooperative groups should be heterogeneous in terms of ability, sex, ethniety, and other personal
characteristies

Leadership. All members of the groups share leadership responsibilines flach member has a job to do, and the
group has no formal leader

Pertnershiy In thetr groups, the studeats tocus on both the academic assigrinent and the skifls they nced to wotkh
together  They review the success of their ascgmment and how well they cooperated, and thev try to improve both
Teacher as consultant. The teacher acts as « consultant to the students Problems are turned back to the group for
resolution That aspect of cooperative learming s often dafficult at first, but it 1s cructal to the success of cooperanve
learnmg i we classroom Students must have ownership over the process us well as the content of the lesson.

Cooperative learnimg is not something that happensan a classroom overmght it occurs incrementally and requires time,
patience, and constant reintorcement  Feachers tell ns, howewver, that 1t s worth the effort In the carly grades, teachers
should begin with very basic skills such as askime stadents to move mito groups quickiv and gaetdy, speak softhe share the
things they nse, dothe jobs, and take turns As stinde s hecome more skilled moworkang together, they can practice more
saphisticated sklls Pwama’ cof these behaviors melude asking for help and giving help showing ouare mterested inwhat
ciaers e saving, tadhang about seceral solnttons betore chocsmg one. coticiang deas, not people, fooking for evidence
betore changing vour nand, and ask e questions to help understand another's pomt ol view  Those shalls accunmulate ova
the veo s Students i high school, for example, shonld have ala ge repertoire of social skitls that thev can nse i the class

roormn and i other selhogs

Q 1.9
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3.3 Authentic Assessment

Allto often science improvement efforts focus on either curmeulum or instruction or both and exclude one of the driving
forees for science programs - assessment, The national reform effort, however, recognizes that assessment 1s i critical
component of science education reform (AAAS, 1989 NRC, 1994, NCISE. 1989 Pelavin Assocuates, Inc 1991 Lawreny,
1991) [.eaders in education are ¢ ncerned that current standardized tests used to assess student and program outcomes do
not measure adequately the most unportant outcomes of an etfective science program, those outcomes that address igher
levels of thiking, understandings of major conceptual themes. and the ability 1o apply science understandings and
approaches to solving real-world problems. Because nearly all assessment mstruments primartiv use multiple chowe. true-
talse and matching kinds of questions, these mstruments most ¢! etively measure the tower levels of Bloom's taxonomy
(knowledge, comprehension, apphication). At the same time, science education reform s stressing the importance of de-
emphasizing factual information

Currently, educators are rethinking assessment, "Authentic assessment” is the current phrase bemng used by those in the
toretront. According to Frances Lawrenz (1991), authentic assessment involves maximizing congruence between the desired
outcomes of the program and the assessment procedures  Lawrenz (1991) suggests that i addiion to multiple cholee tests,
authentic assessment procedures include

Essay tests. Fssay tess provide nformation on a student’s ability te organize and comsunicate information and
provide the opportunity for students to present individual opintons and perspectives.

Practical assessment. Practical assessment (sometimes called performance-based testing) provides intormation on
how well students can perform science skalls such as using apparatus and measurng instruments, making observa-
nons, and designing experiments

Portfolios. A portfolio is a collection of documents, products, artifacts, and work in progress produced by students
a5 part of their learming. An artist's portfolio llustrates the nature of a student portfolio Lxamination and review of
a student’ nortfolto provides a nich and diverse sonree of mformation about not only what the student has icarned but
also about iic process of leamning

Observanons and interviews  Interviews to probe students” understandings allows the teacher to probe deeply into
individual student's understanding of complex science coneepts - Observations of classroom activity provide infor-
mation about how the students are learning and about how well they work together. Both procedures provide infor-
mation the teacher may use to make program improvements.

Ihvnamic assessment. In this approach, the assessment and teaching are intertwined, as thev shou' i be. The teacher
uses a vanety of ongomg assessment procedures to gather teedback from students, the teacher uses the information
regularly o make m course corrections i instruction. Palencsar and Brown (1984) call this reciprocal teaching
Projects. Projects o nducted by students can provide information about a student's abihity to design. conduct, and
communicate results of scienufic inquiry  Teachers can assess the process by which the student developed the
product as well as the quality of the final product uselt

3.4 Thematic Approach

Feachers and developers orgam - ¢ clementary scierce curmenlan a vanety of wavs Mosteurnien 1 are organt/ed
according to a listing of screnee topies, this type of elementary saence cumenlun covers the major coneepts of multiple
wienttic disetplines and 1 sometimes called the encvelopedie approach to saence. Dunng the 1960 however. the Science
Currenlumn Irmprovement Study (SCISY and Tlementarny Science Study (F88) took radieal approaches to restructuring
clementary saience curricala The SCIS program organzed its currieulum around a few major themes of seience BESS
organtzed ity umits around imteresting science phenomena such as molds, stenctures, murrors and two-dimensional and three
dimensional geometry - One way to capture a student’s imterest us to organtze the curnculuny to engage the student in learning

seience through doing science  The 1SS program presents science as a human activity of exploning and making sense out of

L
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the natural world. [t is an example of a thematic approach 1o curriculum, in which students mess around with matenials or
organisms, such as a meal worm, and try to construct an understanding of how meal worms mnteract with the world and how
they grow and reproduce

CO-STEP introduces the participating teachers te a thematic approach as a wav of ovganizing science units - A thematie
approach has much promise as a way of organizing science curriculum and instruction . We propose that a thematic approach
has the following advantages for orgamzing science instruction’

It 15 iteresting and motvating to students

It engages students 1n learning science through a construcuvist approach

It involves students i studyving current and relevant scientific problems

It establishes a direet link between seience and personal and social 1ssues by studving locally relevant topies and
questions.

3 Iprovides relevance for the science content that the students ve learmung

i e b —

3.5 Educational Technology

Fhe CO-STEP project introduces teachers to etfective uses of educational technology for seience education Serence

imstruction may be improved not only by refinements in pedagogy, curriculum, and approaches to learning, but also by
mprov 1g the technologies that teachers s to teach and students use to learn Dunng the past decade, educatonal tech-
ne 'myy has changed more than any other facet ofinstruction, With the advent of microprocessors, educators discovered new
tocls tor teaching and learming

In a recent study supported by International Business Machines (IBM), BSCS mnvestigated the ways n which new
educational technologies might enhance elementary school science and health (BSCS, 19897 As part of the IBM studv,
1SS made recommendations about educational courseware for clementary school science and health BSCS recommends
that science teachers seleet and use courseware packages that 1) achieve the goals and objectives of the curriculum, 2)
mtegrate with other print and hands-on instructional matenials. 3) engage the students in active learming, 4) accommodate a
range of reachng. writing, and math skills, and 5) accommodate a variety of developrental levels BSCS recommnds that
clementary seience teachers consider meluding the following uses of educational technologies i then curmeulum and instrug-

e

Informati: n Processing Tools  Students can use the nucrocomputer to acquire, proeess, analyze, organize, explain,

and report scientitic information. Using the microcomputer as an formation processing tool 1s the most powertul

and productive way that students can use the microcomputer The microcemputer can connect to electronic probes

10 gather information about scientitic phenomena, as with probes to measure temperature, light, motion, pH. pulse

rate. and sound. Students mav use database, spreadsheet, stauistical, and graphing programs to organize and examine

patterns and relationshups in scienttic Jdata and system modelers to build graphical and quantitative models for
natural phenomena,

o Communication Tools  Students may use word processing, graphing, and drawing programs to report ther results,
interpretations, and explanations of seientific investigations . With more advanced communication tools, science
students mav publish their work  Desktop pubhishing enables students to produce high-quality publications at a
reasonable cost Telecomputing . the computer connected to an electrome network, enables students to dissenprnte
the results of the work nstantly to other stucdents and scientists around the world

< Courseware for Learning Science Content. Students may use the microcomputer as an instructional tool - Micro-

compiters can present science content through tutorials, simulations, and games  In addition, the microcomputer

mahes possible a true mulimedia learning environment  The mictocomputer connected to a Taser videodise player
ancdVor CD-ROM plaver at the student's request can provide a wide vanety of video images (still and motiony, stetes
sound, bihngual narrative, ammation, and text
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s Courseware for Practicing Science Skills. Students may use the computer to practice science and mathematics
skilis (such as measuning, 1dentifying and controlling vanables, and mterpreting graphs) and to dnll on scrence and
mathematics facts (decimal anthmetic, safety rules, and parts of the human body)

3.6 Localized Curriculum Adaptation.

In CO-NTEP. project statl assist teachers in adapting thar cwmiculum and mstruction to thew local situation. The
teachers adapt extant curriculum matenals te produce instructional umits that provide students the opportumity to investuigate
science and technology relevant to therr regron of Colorado

We propose that locaiized curnculum adaptation has the following advantages over wholesale adoption of commercial
programs

o Pracucabty  Scheol districts are asking teachers to develop curriculum aligned with distnet and state frameworks
Teachers tind the 1dea of adapting extant curnicula a practical approach to completing this task

e [Interest 1.ocal adaptation of extant curriculum provides teachers the opportunity to personalize the seience curricu-
lum They are able to modifyv units and individual activities 1o emphasize areas of mterest to thair students and o
themselves

o Relevance The acuvities are hnked to local rssues The students can relate to the topies and issues and theretore are
more interested in lear. ing

s Immediacy of application. The students can apply the science concepts immediately to solving problems within
therr community

o Ciuzenship educanon  Students can apply what they have learned in thew science class by being active citizens
The science anits cannelude an effective action component, where the students inplement a group or perscnal
action to mmprove the quahty of life in thewr community. Effective action activities might include presenting a pro-
pusal to the ity council or the school board. forming a reeveling program for the school, changing personal behav-
wrs, or implementing conservation campaigns at home and school

3.6.1 Process of adaptation. Dunng the sertes of academie sear courses and curmeulum phinning courses. project stafl
and serence mstructors introduce the teachers o major concepts from the field of phvsical seience 0 ¢, phvsies, chemstry,
geology, meteorology. ar-d astranomy ), e saience, and environmental science, current scienee and technology issues in
varous regions of Colorado, the process of curriculum adaptation, and a wide vanety of elementary science education matert-
als  The teachers work n teams, consisting o three to five teachers from the sinlar grade level. Frach team produces one
umt by adapting activities from extant science education programs to one of the saience and technology 1ssues and needs for
thew repion The teams revise the activit, 1o form a umt that incorporates constructivist-based teaching model, cooperative
learmng. authentic assessrnent, and educational technology

F'he teachers prlot test their units dunng the following school vear  Durimy the prlot test, project staf conduct a course to
help the teachers design and conduct a thorough evaluation of the units (an action research preweety Followang the prlottest,
progect staff encourage the teachers to revise and share ther wits vath fellow teachers

3.6.2 Sources of activities ach site uses a vanety of local resources to enhance their content courses and curtieulum
planming courses  Colorado has many resources for science education For example. the Thinted States Npace | undation has
s headquarters i Colorado Spnngs The Bear Creck Nateee Center and Badleman Environmental Center m Colorado
Springs have many programs and matenials on environmental education Other sites take field tips to the Rocks Mountan
National Park and to other state and national parks  Several schoel distniets have established ontdoor education centers that

ne avalable for nse by teachers and students parhicipating i the projeet Fach of the wmversite partners for the project have
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collections of elementary science curriculum matenals and science reference materials - Some of the materials that the
teachers explore are:

»  Sctence Curriculum [mprovement Study (SC1S)

+ Llementary Science Study (1SS)

+  13SCS  Science for [ ife and Laving

+ late Lab Science Program

« fawrence tall of Science: The Full Option Science System (FOSS)

«  EDC Improving Urban Elementary Science A Collaborative Approach
= TERC: NGS Kids Network

«  Ourdoors Biology Instructional Strategaes (O13{Y)

«  Activities tfrom Mational Science and Technology Week

4.0 The Teacher Development Program

Fach CO-STEP site provides a comprehensive teacher development program tor inserviee elementary science teachers
I'he teacher development program consists of five mnterdependent courses provided cach year 1n a three-vear eyele. During
the first semester, the unplementation team for each new distriet team joimng the project completes a Strategic Planning
Course. Dunng the following semester in a Science Content Course, Center staff provide the teachers with the science back-
ground necessary to design and mmplernent a seience umt. The seience content varies from year W vear and from site to site 1n
the sequence of physical science. lite serence. and environmental science. The third course, the Curniculum Planning Course,
provides the teachers the opportunity w develop a science ut, to learn the science content and pedagogy for teaching a
science wnt, o plan the implementation of the unit, and to design an action rescarch study - In the following semesters, when
the teacher: rrplement the units, the fourth course, the Action Rescarch Seminar, guides the teachers through the process of
nnolementing and ovaluating thew umts Phe fifth course. the Teade p Serminar. mtroduces the teachers to the leadership
skills they use in designing and conducting a program for school science improvement  The staff at each site adapt these
courses 1 response o Jocal needs and mterests of participating schools and mstitutions (eollege and schools)
4.1 Strategic Planning Course

F-ach team earns one semester credit in the strategie planmng course durtng their first tew months of involvement of the
project The purpose of the course 15 for the teachers from each building to work with their building principal, and distriet-
level administration to produce a strategic plan for science program improvement for thewr building. When more than one
bulding rom a district 15 mvolved 1n the project these building teams collaborate together to produce a umtied approach for
seience improvement for grades four through six in their dstrict

Center staff, with assistance from BSCS stalll begin the course with an overview of the mator innovations inchded in ue
Frorset - constructivism, cooperative learming, authentic assessment, thematic approach. localized curriculum adaptation, and
¢du. ational technology The members of the distriet implementation teams participate i team building sctivities to help
them develop skalls for coilaborative planmng — The core of the course focuses o stoategie plannung Much of therr work
mvolves gathenng information from and building consensis among thets fellow teachers and admunistrators i the district
Onee the partiaipants are acquainted with the process, they spend the remander of the course producing therr stratege plan
Hhe end product of the course 1s a strategic plan for the improvement of the school and distniet saience program and for

nnprovement of cach teacher s scrence mstruetion
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4.2 Science Content Courses
All teachers who participate i1: the project must complete a senies of three Science Content Courses (phvsical, hfe, and
environmental science) for three semester eredits cach immediately prior to planning and implementing science umits in therr
classrooms. The courses meet for a total of 45 hours, after school for three-hour sessions 1 for occastonal dav-long sessions
Fach session follows a constructivist-based approach to teaching
Approximately one-third of the course s large-group instruction (reading/lecture/discussior/educational technology ) and
two-thirds or more s laboratory or field-based activities  The science content 1s selected to provide the backgrovnd in
k physical scienee, lite science, and environmental science relevani to teaching science i the upper elementary grades Many
of the hands-on activities are from clementary science programs, including the Saience Curneuum Improvement Study
(SCIN), the Elementary Science Study (158). and the new NSE elementary science projects (e g, FOSS, BSCS, InSights)
and high school science programs (¢ ¢, ChzmCom, Interactive Media Science Project, and BSCS Green Vession) Other
hands-on activities are adapted from college laboratory activities to reinforee key science coneepts  Fiducational technolo-
gies, such as mteractive video disks, information processing tools (word processing, databases, spreadsheets, and graphing
utihties). and computer courseware (simulations, tutonals, and dnll and practice) are an integral part of the instructional
materials used in the course,

4.3 Curriculum Planning Course

Ilach vear tollowing the science content course. the teachers complete a tour-credit course to plan serenae umits to pilot
i therr schools. During the Curmculum Planmng Course (60 or more hours of direet instruction), the teachers prepare to
teach science unmits based on the savenee disaiphine area from the Science Content Course The teaddiers accomphish the
tollowing tasks duning the Curriculwn Planmng Course

«  Learn about instructional desipn, teacung strategies. iad procedures o support the implementation of cducational

mnovations

»  Review and evaluate extant curnculum matenals

+  Construct science units from extant educational matenals. based on thewr mn-depth study

+  Design assessment procedures to evaluate student learning

«  Design an action rescarch project o evaluate the effectiveness of thewr ats

+ Develop an action plan for unplementng thew units and action rescarch projects
4.4 Action Research Seminar

Fach of three vears during the semester following the Carnculurn Planning Course, the participants pilot test the urats
and mstructional strategies they developed durmg the summer  Preject statt conduct a course (for one semester hour of
graduate credin) to provide assistance and support 1o the teachers as the teachers implement the new approaches 1o teaching
Phe conrse typrcally consists of five three-hour, after-school meetings, mterspersed throughout the fall semester

I he content of the course focuses on implementation and evaluation issues The teachers torm action rescarch teams to
stidy the implementation of the science units and istructional strategies  In action research. the project stafl guide the
teachers as they establish research ques 1ons and hvpotheses, design a research stady dentifv procedures for collecting data
cqualitative und quantiatos), gather the data, analvze the data, and report the results - According to several researchers
(Foucks-Horstey, et al, 1987 Hopkins. 1985, Huling and Johnson, 19%3) action research s an etfective wav to empower

reachers tomprove mstiuct:on Inadditon o action research, project statl provide resnlts from reseacch on mmplement sien
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and science education. The teachers also have opportunities to form special-interest groups to investigate educational issues
of particular interest, to share teaching 1deas and matenals, and to meet in building teams to discuss implementation 1ssues

Durning unit implementation, the teachers form peer coaching teams within cach building  The school district releases
members of the team to observe his or her teammates and to provide peer coactung and collegiel support Information akout
peer coaching 1s provided duning the Cumceulum Planning Course and Action Research Serminar - Project stafl supervise the
peer coaching teams, meeting with each team penodically throughout the school vear
4.5 Leadership Seminar

Iach of three years duning the school vear, the teachers design and implement projects for seience program improvement
m their schools. For one semester hour credit, the teachers meet five times during the spring semester to share results from
thewr teacher development programs  In addition, Center staff conduct activities to develop the leadership skalls of the
teachers. Topies studied inciude peer ¢oaching, statt development, educational change, and adult leaming  The teachers
gather data from theur fellow teachers on the effectiveness of the school-based teacher development programs

I'he teachers, with assistance from the Center stafl, assume leadership roles in their distrnicts. Liach is recogmized in their
school butlding as the lead teacher for science at his/her grade level  As part of the leadership course the teachers collect
mtormation from their colleagues and design stratevies to improve the seience program in their school and district. They

serve on school, district, and state science curriculum commuttees. A few participants are serving on a state committee o

develop standards tor science education The teachers have inplemented a variety of strategies o promote improvements in
thewr science programs inclnding organizing and conducting inservice workshops for colleagues, establishing science re-
souree centers in ther schools, successfully seeking grant support to purchase seience mateiials, organizing school and
Jistnet saenee trs, orgamzing a whole-school dav on scrence. and participating in nation. damplementation projects, gaving

presentations at professional meetings

5,0 Evaluation Plan

HSCS destgned an evaiuation plan to aswess success at attaimng the project objectives stated i section 111 We formu-
Tated onr evaluation plan accordimg to the model provided in the User-Friendhv [andbook for Project Evaluation (Stevens,
etal, 19931 We developed questions ' gude the evaluation and denufied the data collection approach, respondents, and
schedule of data collection. Tabie | provides the framework for the evaluation plan

We ue o vartety of procedures to collect the data tor the evaluation of the project. We admimister a questionnarre 1o

teachers at the beginming of their myvolvernent m the program and once a vear thereatter We also collest data through

artifacts, chservations, and interviews  The following sechons desenbe the data collechon procedures in detand
5.1 Teacher Questionnaire

We developed a self-report questionnaire by combimng project-developedastruments and externaliv-developed mstri-
ments  The teacher questionnaire includes a biograpleal data form, a checklist onnnovations in saence teaching, the

S aence Teaching Ffficacy Reliefs Insoument (S TERL and the Stages of Concern Questionnarre (SoCQ)
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Table 1: Evaluation Design

Question 1: How have teach.ers improved in their use of innovative approaches to teaching science?

a How much time do they spend teaching science?

b How much time do they aliocate to different modes of science tea:hing?

¢ Do they value innovative approaches to science teaching?

d Do they emphasize innovative approaches to science teaching?

e. Are they willing to incorporate innovative approaches into their science teacring?
f How prepared are they to incorporate innovative approaches into their science
teaching?

g. How prepared are they to teach other teachers to use innovative appro.. nes in
their science teaching?

- taacher ques-
tionnaires

- unit plans
- portfolios

- teaching logs

Teachers

- yearly

- before and
after teaching
urit

- during teach-

- reflective ing of unit
h To what extent do they incorporate innovative approaches into their science journals
teaching - classroom
observations
- interviews
Question 2: How have teachers changed in their belief that they can teach science well?
a How have teachers changed in their personal efficacy for science teaching? Teacher ques- | Teachers yearly
b. How h.ive teachers changed in their cutcome expectancy for science teaching? tionnaire: Sci-
ence Teaching
Eficacy Beliet
instrurnent
Question 3: How have teachers changed in their concerns about teaching science?
How have teachers changed In ther - .oncerns about teaching science? Teacher ques- | Teachers yearly
tionnaire:
Stages of
Concemn
Questionnaire
Question 4: Has the project successfully established six regional teacher development centers?
2 Have six centers offered the specified teacher development program? Canter staff Quarter re- quarterly
b. Has the specified number cf teachers completed each year of the program? ports
¢ Do the centers have pians to become self-sustaining?
Teachers Site visits sermiannually
interviews
Questionnaires | annuaily
Site visits semiannually
Interviews
Question §: Have teachers become lc aders for science program improvement?
a What have teachers done to improve the science prejram in their school? Teachers Portfolios Trroughout
¢ What have teachers done to improve the science program in their district? Journals school year
c What have teachers done to iImprove the science program in the st.ite? interviews
Center staff Quarter re- Quarterly
ports Semiannually
Interviews and
site visits
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S.1.1 Biographical data form. At the beginning of their participation, the teachers complete a biographical data form
The biographical data includes job assignment, grade level(s), educational background, teaching experience. age, sex, ethnie
origin, and availability of chapter one funds

5.1.2 Innovations in science teaching. Tcachers complete an innovation checklist on the number of nnnutes in a week
devoted o science instruction, the time spent prepanng tor science class, and the relative tne spent on vartous mnstructional

.
modes hands-on, discovery-based, teacher demonstrations, student worksheets, reading textbook,, using other textbooks
Fach participant completes a questionnaire on their perceptions of their involvement with the innovations in science teaching
that are the focus of the project constructivism. coaperative learning, major conceptual themes:, assessment, educational
technology, nature of science and [reduced ] emphasis on science ficts - The guesttonnair: asks teachers to indicate therr
mvolvement i the innovations by responding to guestions such as: How valuable 1s cach of the following in clementary
school cienee instruction” How much emphasis do vou place on cach of the following” How willing are vou to incorporate
cach ot the following mto vour teaching? How well prepared are vou to icorporate each of the following into vour teaching”?
How well prepared are vou to teach other teachers how to use the follovang in their teaching?

S.1.3 Science Teaching Efficacy Beliefs Instrument. Tcachers complete the STHBI at the beginning of the project and
vearly thereafter. Riggs and Enochs (1990) developed the STEBI as a self-reporting mstrument to assess elementary teach-
ers” ctficacy toward science teaching The STEI s based on Bandura's (1977) research on beliets and self-efficacy
Bandura suggests that individuals develop a generalized expectancy concerning cause-effect relationships based upon
personal life experiences. They also develop a set of behets concerning their own ability to cope with particular situations
feacher - efficacy beliefs are dependent upon the speeific teaching situation Ashton, Webh, and Doda (1983 tound that
teachers mav have higher teacher eflicacy with some students than with others The STEBI s composed of two subscales
{1y personal science teaching efficacy behets and (£, science teacting outcome expectancy. Subscale one relates to teachers’
belief that they can teach science effectively, and subsicale two relates to weachers belief that students can learn science
sticeessfully - Subscale one has an alpha reliabihity voetficient of 92, and subscale two has an alpha reliabilaty coefficient of
77 All tem to total correlations for the two subeales were higher than 33 and 34 respectively

8.1.4 Stages of Concern Questionnaire. We use the Stages of Concern Questionnaire { SoC Q) to document the
process of change of the participants. The SoCQ (Hall. George. and Rutherford, 19799 was developed at the University of
Texas R&D Center as part of the Coneerns Based Adoption Model to measure how teachers percerve an mnovation and how
they feel about it These pereeptions range from carly concerns about how the innovation will affeet oneself to concerns for
the tasks required to implement the innovation, the impact the mnovation will have on students, and the wavs the innovation
might be improved. In in-depth studies to establish the validity of the SoCQ, Hall, George, and Rutherford (1979) found that
the SoC ) accuratelv measures the Stages of Concern about the Innovation According to Hall, George. and Rutherford
(1979, p 1), “the SoC Questionmaire appears to doan even better job than other measures and chueal mudgments — In
1esting the rehability, Hall George. and Rutherford (197495 obtamed alpha coctfiaents of mternal rehiabahity for the seven
subscales rangimg tom 64 o 83 and 1estretest correlations for the seven subscales tanging from 6 1o 860 Particpants
compicted the SoCQ prior to participation and at the end of cach vearly evele We designed CO-STEP to reduee il ingh
intormanonal, persenal and management concerns that elementary teachers have about roplementing hands on, minds.on

soictee programs - As teachers begun to neorporate mnovative approiches o scienee teacdung mto ther school program, we
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expect management concerns to increase, followed by and increase in consequence, collaboration, and refocusing concemns
as the teacher becoimes a successful user

5.1.5 Qualitative data. We collect a variety of qualitative data to assess change in teaching practice We collecl
artifacts from center statf including. implementation plans, course syllaby, and quarterly and annual reports - Center stafl’
collect and summarize the following artifacts from teachers unit plans, teaching logs, retlective journals, clasy assignments,
action research reports, and portfolios of the tmplementation of thewr unit. Project stafl review and synthesize information
from a sample of these artifacts to assess the nature of the teacher development program and the changes in teacher knowl.
edge and practice.

We also collect information through observations and interviews  BSCS staff visit each site at least twice a vear o
provide support and assess progress. Duning the site visits, BSCS staff observe sessians of the teacher development pro-
gram. observe classroom teaciung. interview project staff, and interview participants (individually and in focus groups). We
collect information about the nature of the teacher development program and about changes in teaching practice. We soliert
nput on secondary effects of the project such as teachers establishing a science resource ¢enter 1n thewr building - Center statf
also collect information through classroom observation and interviews of teachers and summanze that information for BSCS

statl

6.0 Resualts

We first analvzed the evaluation data for the whole group and then for cach separate site Table 2 presents the biograph-
wwal data tor the teachers broken down by site and for the all participants from all sites combined  Table 3 presents the
pereentiages of responses for cach site and combined sites for the checkhist of mnovations m science teaching. The asterisks
by stems mdicate that there was a sigmificant change { O3 fevely tor that item when comparning the pre and posttest for the tirst
cohart of participants for combined sites Two o' the sites «Colorado Springs an ' Puehlo) were excluded from the analy sis.
because they do not have pretest data. We sed a different assessment torm tor Colorado Springs and Pueblo during the non-
funded, pilot phase of the project. We analvzed the second cohort of participants separately, because they recaived a some
what different treatrnent than the first cohort, the second cohort started during the second vear of the project. We found few

differences, however, between the analysis of the data for the first and second cohorts

When analvzing the pre/post

companison tor the STHBI data Scale test N df

Mean SD__tvalue 2-tailsig
0 *d for the toar sites the
combined for the four sites that Outcome ore 82 148 4282 1172 236 019
had complete data, we found a Expectancy post 68 385 1001
stgmficant improvement m per
vl ofFh ey hehets s Personal pre 88 155 34 26 764 -394 00
sonal ¢tfi:acy behets about se Efficacy post 69 38 86 663

enee teaching and tor outeome

erpeclaney csee table 4

v =

Table 4 t-test comparvson for STERI for combined sites
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Lhe profile of the SoCQ

_ 100 -
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pected pattern of a decrease 80~ . .
m initial high mtormational -, N
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and personal concerns and a 5 N e ) .
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yuenee, collaboration, and
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The following sections

Fugure 5. Sol () profile for all sutes
deseribe the results of the

cvaluanon at cach site at the midpomt of the fivesvear project. We report the results i the se juence that the sites entered the
CO-STEP project Colorado Springs and Pucblo (Fall 19913, Fort Collins and Grand Junction (Fall 1992) and Mesa County
and Crrecley (Spring 1993)

6.1 The Colorado College in Colorado Springs (started in 1991)

Fhe Colorado College Center currently has 33 partiopants from sis ditferent school distriets located in the Colorado
springs area, The school distnets inelude 1y Academy School 1-20 wath four schools and a district population of 6,032
clementar. students: 2) Colorado Springs School Distnie =11 with four schools and a distriet population of 16,049 elemen-
tary students 3 The Colorado Springs School. an independent schocl. with an elementary student population ot
approximately 100 students, 4) Fountmn-Fort Carson School Dnstriet with three schools and a distret population of 2,454
clementary students. ) Harrison School District with one school and a distriet population of 5,886 clementary students, and
61 Woodland Park School District with one school and a distriet elementary school population of 1,264 students  The
Colorado College Center has the most diversity of grade levels represented it group with 16 pereent being middle -level
teachiers, 32 percent bemng primary-tevel teachers, and the remamder from grades 4-6 - Of the teachers. 84 pereent are i selt-
contained classrooms, 36 pereent have masters degrees: 27 percent have 10 or fewer semestor credits moscience. 52 pereent
have Tess than 10 vears of teaching experience. and 87 percent are Caucasian

6.1.1 Partnerships and cost sharing The Colorado Coliepe (0O 15 the primary subcontra tor tor the Colorado
Sprngs CO-STEP Center - Colorado College s cost sharing contnibution totals $18.000 00 for the first three v as of the
project Inaddition, Colorado College was one o tour CO-STEP centers that apphied for and recerved a teacher enhanee:
ment grant from the Fovironmental Protection Apency to provide supplemental support for the ensironmental science
program during 199495 The Colorado College reccrved $7.500 00 from 1FPA

6.1.2 Teacher development program  Colorado College and BSOS eollaborated i the fall 6f 1997 pror to NSE
trmding, tomtiate a plot CO-STEP program in Colorado Springs . We reernted VX area elementars tcachers for an nonal
plannimg and orentation meeting Fourteen teachers, comprising five school based teams began the project m November of

that vear e comrse offengs of the prlot phaseaneluded Steoegie Plang g Sernar (15 contact howrs), Phvsical Science
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Content Course (45 contact hours), a Summer Cumculim Planning Institute (60 contact hours), an Implementation and
Action Research Seminar (15 contact hours), and u Leadershup Semunar (135 contact hourst Duning the second and third
vears of the program, the staft of the Colorado Springs Center adjusted the schedule of CO-STEP mectings to adapt o the
calendar for The Colorade College’s graduate program, which includes a six-week sumnmer program The CO STED pro.
gram at CC redistiibuted the total number of contact hours by mercasing the number of contact hours dunng the summer and
by spreading the remaining contact hours evenly over the school vear. The schedule adjustment has worked well for the
center stafl and participants, because there s sufficient contact m seminars and classroorn visits dunng the school sear to
maintaim participant interest and commutment to the program

The first cohort of participants were engaged in a strategie planning course during the fall of 1991 Thev completed the
phvsical scienee course dunng the spring of 1992 The physical science course focused on physical svstems, energy and
cnergy transter, and chemistry - The latter was based on the CHEM program from the Lawrenee Hall of Science, but witl
modifications to model an active, constructivist approach to teaching. BSCS recerved NSE funding duning the spring off
1992, and Colorado College became the first otlicial reglonal center for CO-STEP  Center staff, with support trom BSCS
statl, held the first Cumculum Planmimg Institute at CC during the summer of 1992 Duning the summer institute, partict-
pants continued their mvestigation ot the physical sciences (foree, motion, energy- all adapted from the Intermediate Science
Currieulum Study) and worked in teamns to adapt a phyvsical seience unit for use wiith therr students in the fall

I'he first cohort of participants taught therr umits dunng the fall of 1992 and took part in action rescarch and leadership
seminars - Colorado College CO-STEP stall made several classroom visits to observe the units beng taught and to assist the
participantsan evaluating the etfectiveness of the umt Participants found that they were teachimg more hands-on activities
than betore CO-STEP, but that the units were too long, covered to many coneepts, and often were not constructhivist in nature
During the past two vears, these participants have rediced the number of coneepts nctuded m ther units and have made
stgniticant pregress m usimg constructivst teaching

During the summer «f 1993, the Center staf conducted a sceond sciencee comuent course (as part of the first six-week
sumimer institute) focusing on hie, environmental, and geological seiences  Biology and Geology faculty from CC co-taught
the content course with the Center direetor, who 1s a professor of education At this time, a second cohort of participants
jorned the first resulting in a total of 32 participants for 1993 As part of the summer institute, participants also completed
the requrrernents for the curmiculum planning course, working in tesms to adapt a hie, environmental, or geological scieir ¢
untt tor use with their classes in the fali. Colorado College stattalso prosded instruction in pedagogy and assisted partiar-
pants in designing assessment procedures tor their units

Durmg the fall of 1993 the Center director conducted an imtensive reernintment of new CO-STEP pacticipants, which
resulted i 24 new CO-STEP participants joimng the program m December A strategae planing serminar was held during
the spring semester of 1994 for the wew participants while the other group of experienced CO-STEE participants continied
o work on - ton research, assessment. and leadership - Partieipants engaged i activines to develop performance assess-
munt tasks and developed rubnies for assessing student performanee of those tasks Fhev compared ther rubnies with those
of other partictpants and with those of the vriginal developer of the performance task with excellent resnlts Participants also
evanuned and discussed the unplications of the vanous nattonal and state recommendations and standards tor saence educa
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During 13 June through 22 July in the summer of 1994, the Colorado College conducted the Fivironmental Science
Course and the Curriculum Plannuing Course The summer program included. (1) a one-day tield study on ccology near
Florissant, Colorado, (2} 4 three-day trip to study the Arkansas Watershed (the mamn source of water for the community of
Colorado Springs?, (3) three weeks of on-campus work during which participants worked in the chemustry luboratones with
CC scrence faculty on water-related chemistry, reviewed environmental education resources, and developed their umt plans
on environmental science, (4) a one-week session at the Baca Center of Colorado College (located in the San Lows Valley)
shere thev contined to work on ecological field studies with CC faculty, and (3) a final week on campus refining their unit
plans and shanng them with their colleagues  Center stafl held regular seminars during the fall of 1994 and spring of 1993
on action research, constructivist teaching, assessment. and leadership

6.1.3 Qualitative information As of fall 1994, based upon notes trom classroom visits, reviews of participants’
journals, and stafl reflections after semenars and institutes, the participants have made and continue to make excellent prog-
ress. Participants report that ther students respond well to the hands-on and minds-on approach they are using. Many
participants are sernving on building and district level science comitices and report that they often assist fellow teachers

regarding elementary seience curniculum and instruction
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{gure 4. SoC' protile for Colorado Springs
pereeption that thev are well

prepared to incorporate constructivismm nto thear teachig, and in teachers” pereeption that thev are well prepared o teach
other teachers to use (1) constructivism, 1 2) major conceptiual themes, 3 and educational rechnology i thewr teachmy:
Ihere were no sigruticant changes 1n either subscale for the STEBL The SoCQ results m figure 4 for Colorado Springs
represent only the pest and postpost data for the first cohort of participants, because these participants did not complete the
SoCQ phiot to the pilot phase of the project The results, however, follow the anticipated pattern of teachers making prog
ress i the process of change  The management, consequence, collaboration. and refocusing concerns all inereased

6.1.5 Plans for sustaining the program During the fall of 1993, the Colorado College CO-STEP Director subimtted
yproposal to NSE to mstitutionshze CO-STEP ina netw graduate program Master in Arts in Peaching (MA T unintegrated
natral scienees The proposed program would allow carrent COLSTHEP partiaipants the option of applyimg for the degree
and ieang therr CO-NTEP course work and activities as credits toward the degree The MAT degree proposal was approved
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unanimausly by the college faculty at its December, 1993 meeung  Colorado College recerved the grant from NSEF Teacher
J:nhancement to work with Colorado College faculty to refine the work they began with the CO-STEP program and to extend
it to another level (middle school scienice teachers). With the adoption of the MAT program and the growing interest and
suppurt of the college science facuity for CO-STEP at Colorado College the continuation of the goals and objectives of the
CO-STEP program 1s assured

6.2 University of Southern Colorado in Pueblo (started in 1991)

There are 21 partiapants i the CO-STEP program at the Pueblo Center  The participants are frorn [-60 {schools in
the City of Pucblo)y and 1-70 (schools within Pueblo County excluding those in the City of Pueblo) Pueblo D-00 w th 22
clementary schools that serve 8,823 students has 11 particioants, and Pueblo County D-70 with seven elementary schools
that serve 2,030 students has ten participants The size o .¢ student populations tor the schools across both distniets ranges
from 83 to 630 Of the participants, 60 percent are m grades -8, 85 pereent teach 1n self-contained classrooms. 33 pereent
have a masters degree, 90 percent have more than 10 semester hours in science: 65 percent have 10 or more vears of teach-
g experience. 35 pereent are FHispanic and the remainder Caucasian, and 65 percent indicated their school qualifies for
Chapter One Funds.

6.2.1 Partnerships and cost sharing. The University of Southern Colorado (U8C) s the pnimary subcontractor tor the
Pucblo CO-STEP Center The Umniversity's contnibution tor the Pueble CO-STEP Center 1s $5,935 00 for the first three
vears of the project. Inaddition, USC was one of four CO-STEP centers thatin 1994 appiied for and received an EPA
Environmentai Education Grant (USC received $7,500 00) to suppleraent the instructional program for environmental

seienee during the 1994-95 school  The Pueblo CO-STHP Center 1s a collaborative project between the Umiversity of

Sonthern Colorado, Puebhlo )-60, and Pucblo County 12-70° 1-60 and 1-70 will contribute $108.264 1 cost shanng over
the tirst three vears of the projeet Potal cost shanng contributions amount to $121 681

The Pueblo Center took the lead in collaborating with Adams State College (ASCY to estabhish a Master of Arts degree
i Bicmentary Education with an emphasis in seience teaching. The Umversity of Southern Colorado 15 prohubited by state
Jaw from offering graduate degrees in education, but did encovrag  and support the establishment ot the degree program
through ASC The CO-STEP courses imtiaily were offered as independent studs credits though the college ol natural sci-
ences at USU, but ongce ASC established its program the teachers were able to transter the eredits from USC 10 ASC To
complete the requirements for the master s degree, participants recerved eredit tor several of the CO-STEP courses n
addiuon, they completed 10 hours of core courses from the ASC program, compieted a written comprehensive exain (with
nwe questions on seience edneaton prepared by CO-STER statf and completed a field research study (hased on action
rescarch on one of their umts)

6.2.2 Teacher development program. USC and BSCS collahorated i the fall of 1991 1o mtyare a palot CONTEP
program i Pucblo Dunng the fall of 1991, 18 arca clementary teachers participated v an nttial planming and one atation
meetiag Fourteen teachers comprising tive school-based teams bepan the projectim Novermber of that vear - The instructonrs
tor the pulot phase dunng the first vears were BSOS sttt members, the center director from Colorado College, and Curnienlum
Spectalists from D-60 and D-7G The tirst vear s cowrse offernings meluded  Strategie Planming i 15 contact hours), Phvsical
Saactee Content Course ¢35 contact hours),a Summer Corncuhim Plannpig Institute (60 contact hour s an Implementation

and Action Research Senmnar ¢ 1% contact hours), and a Leadership Sermunar (15 contact hours)
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6.2.3 Qualitative information. The participants’ response to the physical science course that we offered during the
first year was very positive  The teachers indicated 1n their journals that as they became more familiar with the phvsical
science coneepts, their comfort level increased. The field tnps to the Comanche Power Plant (energy transfer), the Garden of
the Gads (Geological history of the Pikes Peak region), and the Olvmpice Traiming Center (sports physics) were quite suceess-
ful  Many of the teachers telt uncomfortable initially during the first vear's leadership seminar, thev indicated in their jour-
nals that thev did not like the dee of being an wstructor for an “inservice workshop™ with colleagues. The staft recognized
the problem and worked with the teachers to develop an operational defimtion for leadership that included a broader view of
what lead teaches do, including both formal and informal leadership tasks - At the conclusion of the leadership seminar, most
of the teachers felt comfortable with the lee lership role that they were assurming in thewr individual schools Some felt
comtortable enough that thev served on their distnet's K- 12 Science Comrmittee. One of the participants stated, " know |
don’t know evervthing there 15 to know 1n science but. T know what good science instruction for elementary students looks
like and some ot the other members ot the Science Commuttee don't7 By their third vear, most of the participants indicated
that thev felt comtortable enough to conduct science staff development activities within their building, and several had made
presentations at district, state, and regional science conferences

One of the participoats in the Pueblo CO-STEP program was nominated and received the Preswdential Award for Excel-
lenee in Teaching Elementary Science and Mathematics. Another, was nonunated for and recerved the Colorado Association
of Serence Teachers” Elementary Science Peacher of the Year Award 1 s teacher indicated in her CO-STEP journal,
during the first vear, that she joined the program because she felt uncomfortable with her science teaching and wanted to
explore some new approaches  She also was disappomted that she could not find any other teachers in her bwliding that first
vear w on her in CO-STEP (butld: ¢ teams were required to yoin the project, but Pueblo stalf made an exception for her the
first vear) By the second vear, two additional teachers trom her building joined CO-STEP. by yvear thiee, the huilding staff
dectded to use hands-on and minds-on science as their instructional theme for the vear  Ina recent visit to the schonl, we
were told that every teacher in the building 1s teaching hands-on science this vear and the halls of the buillding were deeorated
with student murals, cach reflecting the science units thev were studving in ther classes

One of the Pueblo teams was instrumental 1n designing and equipping a science laboratorvan its building - 'he team
then destned and rmplemented a staff development program to assist thewr colleagues in eflectively using the tacility to teach
mquiry seience. Later, this team decided to develop a portion of their school site for use as an outdoor science area. Work-
mg with colleagues and students, they ¢ ttacted parents and business people to raise the funds needed 1o develop the school
st

Dunng one of the classroom visits by BSCS and Pueblo CO-STEP staf!, the observers commented on the mtegrated
approach the teacher was using 1o the scienee unit she was teaching (manne ecology) - There were paper tish, algae, and
other marine or ganists hanging from the cetling, student stories about manne organisms, and several . vestigations i
progress  The teacher credits her CO-STEP classes, because betore she jomed the projecther science classes had been onlv
reading trom the text and answering the questions at the end of the chapters When the stat) asked why o what i CO-SFEP
made her change she rephed that “doing science i CO-5THP made me realize that science 1s fun and unportant and a great
wity 1o Jearn”

Ihe Puchlo CO-STEP participants initially were reluctant to ey the action rescarch portion of the CO-STEDP program

Fhe requirement tor the Action Rescarch Semimar was to idenufv a question to investigate that related in some way to then
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science unit, which thev adapted from extant matenials - Several teachers stated that thev didn't know wisat to look tor or how
they could find answu.s to therr questions and wanted the Puehlo CO-STEP staff to tell them what to “research™  With staty
guidance, the teachers worked through the first vear ot thetr action rescarch with some frustration and limited success By the
beginning of the second vear. they had a much clearer understanding of action research, and at the end ot the action research
semmnar for the second vear, the reports of findings were excellent  1he patiapants were pleased with thewr rescarch and
many mdicated that tor the tirst tume they really knew what their students leamed. One participant stated that she now knew
what her students learned and what they didn 't earn and had some ideas on what changes she could make to inprove then
lcarmng  On one recent classroom visit, participants idieated that they hoped that the Pueblo CO-STEP group can continue
to meet and share as they have been domg tor the past three vears, because they would hke to continue to grow

fhe Pueblo CO-STEP statt and some of the participants are working with the educational curator at the Pueblo Zoo to
put together cooperative learming activities tor use by elementary teachers  The acivities imvolve organizing a ficld tnp o
the Zoo that encourages students to be active 1 sther than passive leamers They alse worked with the statl of the local nature
center, a raptor recovery center, and members of the Department of Natural Resources stafl inembers to adapt and develop
construcuvist-based activities tor their school programs These are just two of several such projects in which the Pucblo
CO-NTEP stafl and participants have become involved within the commumty

Nine of the participants are completing the requirements tor the masters degree program through ASC Fach was able
te use the knowledge and expertence they had with action research to develop and conducr therr field studv - The four field
studies submitted thus tar recerved high marks and seustactonly met the requirements of ASC. The findings support that the
kind ol science being teught by CO-STUP partucipants results in sigmitcantimprovements in student understandings and
attitudes toward scieng.:

6.2.4 Quantitative data. 3ccause the Pueblo Center started in the pilot phase of the praject and we did not collect
the same information for their pretest, we do not have data to compare their pretest and posttests - We have not received the
questionnarres tfrom the Pueblo Center for their posttest, therefore, we have no quantitative compartsons to share at this time

6.2.5 Plans for sustaining the program. The Pucblo CO-STEP staff plan to continue with CO-STEP once NSF
support ends by folding the program nto therr distniet staff development program. They are working with USC staff mem-
bers to offer science courses for clemnentary teachers that will align wath distriet, state, and national guidelines The Center
stafTindicate that they plan to continue 1o work with Adams Staie College to provide opportunities for clementary teachers in
1-60 and 70 to enroll mthe the new masters degree program  They recently sent out an announcemerit to the school dis-
tricts in the reglon inviting elementary teachers to take part in therr saience stafl’ development program
.3 Colorado State University in Fort Collins (started in 1992)

The CO-STEP Center m Fort Collins began dunmg the sumnmer of 1992, and serves 32 pariicipants from the Poudre R
«chool distriet m northeastern Colorado Poudre R-1 has 29 elementary schools serving the ety of Fort Colhins and the rural
arcas 1 Larnmer County - The CO STEP Center serves 15 schools (12 881 studentsy  Individual school populations range
from 4310 642 studems OFthe paricipants, 6R pereent are from grades 3.6, 84 percent are from self-contamed dJassrooms,
O pereent have amasters degree, 40 percent have tew aedit hours or less m scrence, 30 pereent - v less than ton vews ol
teaching expenience. 94 pereent are Caucastan, and 39 percent indicate that their school quahifies for Chapter One funds

The Center has served 32 teachers cach vear, sixchave dropped ont durmp that e bat were replaced by others The six
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participants who left the program did so because they changed teaching assignment, moved out of the district. or had family
or health problems

6.3.1 Partnerships and cost sharing  The Center staff are cmploved by the Colorado Seience. Mathematies, and
Fechnology Fducation Center (CSMATE) at Colorado State University Duning 1993-94. the Uiniversity provided
$11.928 001 support of the CO-STEP project. Poudre R-1 provided $8,000 00 1n cost shaning through teacher release time,
consultant support, and matenals support for the teacher-adapted units. During 1994-935, the Fort Collins Center participated
with the CO-STEP Centers in Colorado Springs, Pueblo, and Greelev i a grant for teacher enhancement from the Environ.
mental Protection Ageney The Centers are using the EPA fun. s (a total of $25.000 for all four Centers with $35 000 of that
for CSMA'Li%) as support for the environmental science portion of their teacher development programs  Total cost sharing
for the 1994-95 school year 1s $24,928

6.3.2 Teacher development activities Uhe Center at CSU tollowed the gencral CO-STEP model for teacher develop-
raent. with the exception that they scheduled most of the activities duning the summer at the request of the participants
Center statf reported that they conducted classtoom visits to support the implementation of the teacher-adapted uruts: devel-
oped the syllabr for the Environmental Science Course and Curriculum Planning Course. admimstered post-tests tor partici-
pants £ 1 vear two and pre-tests for new participants, and presented on CO-STEP at the annual meeting of the Colorado
Assoctation of Science Teachers The svllabi for the Environmental Science Course and Curmiculum Planming Course
metuded the following schedule of actvities

October, 1994 strategic planming {3 hrs )
February, 995 Heartof the Rockies - anenvironn ntal education workshop (3 hirs )

Apnl 1995 strategre plannmg (3 his )

Viay, 1995: Stalking Education in the Wild - an environmental education workshop 12 days)
Winter Ecology - a curriculum development workshop (3 hrs )

Tuls, 1995 Keystone Science School - an environmental education workshop (3 davs

feton Science School - an environmental education workshop (4 davs)
Canmvonland’s Field Insttute - an environmental education workshep (3 davs)
Frivironmental Education - a wrap up sesston (1 da)

Lhe Center's mnual report tor 1994-95 indicated that the Center stat have redesigned the program successtully 1o meet
participants” needs for increased emphasts on science content and constructivist-based pedagesy and for icreased opportu-
mty torntra-school planming . Participant response to the physical science and life serence content courses was excellent,
with many participants adapting the activities and investigations trom the content courses for their owrn classroom

6.3.3 Qualitative information The participants have cach adapted and implemented a physical science and a hte
science umt from the FOSS program, which 1s the distnet’s saience program  The participants have been leaders for saience
cducationin their individual buildingzs. A £w participants have made presentations at local and state science meetings Most
partcipants indicate i their journals that they have made several changes in their instructional program and 1 thew approach
to teactung saence Partictipants state that stadent mterest in seience has mercased dee to the vse of cooperative fearing and
aomnaguy approach o teaching - Classtoem observations b the Center statt substanuated the selt-report data

COSTEP partiapants recaive tecognition fos therr espertise i saience education Several CO-STEE participants seive
o the saience commuttee Jor Poudre R-Tand assistwith stafl des elopment i science: Durmg the 199391 sehoaol vear, one
partiapant was nommated for the National Presidential Asiad for Fxcellence in Saience and Mathematies eaching and

anuther was chosen as teacher of the vear tor her school
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The Fort Collins Center has established strong partnerships, under the guidance of CSMATE - Adams State College 15
encouraging participants to apply credits recerved from the CO-5TEP program toward a Master of Arts in EFlementary
I:ducation with an emphasis in science education. Center statf collaborated with principal investigators from the CONNECT
Project, BSCS statf, and the director of CSMATT! in holding a state-wide planning conference at CSU in March tor individu-
als and organizations in Colorado involved tn teacher development i science A series of mini-conterences on science staft
development are planned tor individuals and organizations that serve specitic populations (¢ 2, elementary school scienee.

nuddle school, high school. and informal science education)

6.3.4 Quantitative
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teachers” pereeption ot how Freure 3 SoCQ protile tor Fort Colling
well prepared they are to
meorporate (1) major conceptual themes, (2) educational technology, and (1) nature of science nto scienee teaching, and in
teachers” perception of by well prepared they are to teach other teacher: about (1) major conceptual themes, (2) assessment
and eveluation, (3} educational technotogy. (4) nature of scienee, and (3) scienee facts We found no sigmficant change in
either personal efficacy or outcome expectancy on the STEBL The SoCQ profile foilowed the expected pattemn of teachers
undergomng the process of change, with the imtal high information and personal concerns prior to the projeet deereasing over
the next two vears (see figure 3). The teachers had high collaboration concerns throughout the project, which 1s evidence of
the importance that team building plaved in the project

6.3.5 Plans for sustaining the program CSMATI s mission 15 to serve as the focal point for program development,
for rescarch, and for tostenng improvement in inovations and reforms in science, mathernaties, and technology education
In discussion with the CSMATE admimstration and staft, thev indicate that they intend to continue the CO-STEP program
mto the future They developed an excellent working relationship with Poudre R-1 The CO-S TP coordinator now seres
nan advisory capacity on the district seience commttee - Other school disticts in thewr region have contacted the Centen
coordimator to seek statt development for thewr elementary teachers based upon the CO-STEE program
6.4 Mesa County Valley Schools in Grand Junction (started in 1992)

The COSSTEP Center in Grand Junction s amt thrd vear ofinvolvement withe BSOS CO-STEE project Mesa
Couniv Valley Schools has 8523 student i 20 elementary schools, with individnal student popalations in binldings rangimy

fom 2y 3 to 67 stidents Mesa Connty Valles Schools melndes Both arban schools, which e Tocated within the city of
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(Grand Junction, and rural schools Twenty eight lcncheré, representing ten of the Distniet's 20 elementary schools, are
participating in the CO-STEP program at the Grand Jinction Center Of the teachers, 68 percent are n grades 4-6 with the
remainder in grades 1-3, 85 percent are 1n self-contained classrooms, 79 percent have less than a masters degree: 68 percent
have received ten or less semester hours in science; 54 percent have less than ten vears of teaching espenience, and 93
percent are Caucasian. Fach teacher participant made a three-vear commitment to remain in the program through the com-
plete cyvele of content courses. The program began with 30 participants, and tive dropped out during the first two vears,
which was halt of the anticipated attrition for this intensive project. When desigring the project. BSCS anticipated that as
many as ten participants would drop out each vear, because they would move out of the distnet, would change teaching
asstignments, or would have other assignments that would contlict with continued involvement in such an intvowv e progran
Five new participants were added at the beginning of vear two - The coordimator for the center indicated 1n her annual report
for the second vear that the work of the CO-STEP participants generated great interest in the distriet and it was easy to fill the
positions vacated  Through informal and formal leadership effonts, participants n the CG-STEP program are providing
support for the distnet’s other 300 elementary teachers

6.4.1 Partnerships and cost sharing. Workin: in conjunction with faculty from Mesa State College in Grand Junction,
statl fromn Mesa County Valley Schools operate the CO-STEP Center in Grand Junction. Each year of the project school
district and the cotlege provide substantial contnbutions to the project. During 1993 .94, Mesa County Valley Schools
provided $27,280, and Mesa State College contributed $3,600.00 10 consulting services

6.4.2 Teacher development program The teacher development program for CO-STEP 1n Grand Junction closely
follows the general CO-STEP model and includes 1) a strategie planmng senunar tor participants during the first year of
themr involvement. 2) a content course each spring, (1993 - physical scicnee. 1994 - hfe science. and 1993 - environmental
~crenee). 31 a leadership seminar; 4 a curriculum planning institute for three weeks cach summer for participants to review
curnculum reso rees and to adapt the distriet’s adopted program (the Delta Modules) using the knowledge and skills devel-
ped through CO-STEP. and 3) an action rescarch conrse during the fall each vear.

6.4.3 Qualitative results. The Center Coordiator indicates that the CO-STEP program engendered much interest
among clemeitary teachers throughout the district. The number of inguiries from teachers about the program induzates that
they will have no ditficulty maintaining a high level of participation throughout the first three vears ot Jdie project

[he Center stafl, in conjunction with the CO-STEP program in Douglas County, deeloped and submutted a teacher
cducation proposal to the Environmental Protection Agencey for supplemerital tunding ($1. 000) that would  Hlow CO-STEP
tcachers from the two programs to work together to plan environmental education units - This supplemental .unding will
prosade teachers anJd there stndents in cach {istrict the opportunity to conduct sciencee investigations (e g, water use and
quahity in each comrmunity) and 1o communicate with teachers and students doing similar studies in another part of the staie

Staff and participants in the CO-STEP program are leaders in the distnet's efforts at science program  nprovement
Iwao teachers received a $000 grant from a local company to develop “science sutteases™ for cach grade lecel in thew bunid
mg and to conduct statl development sessions on those matenals for their colleagues One of the participants recevad a
Classroom Connections Award {or 4 serence wmt she developed and submitted to the Public Service Company of Colorada
Manv participants report sharmg CO STEP activities and strategies with colleagues i their schonls Throuyh a vanety of
mformal feadershup efforts, the CO-STEHP teachers have encouraged and supported colleagues i wang a constructivist

approach m their saience teachung [hev were instrumental at mtroducing the Eduguguest Personal Science Laboratones into
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therr Chapter Two schools and assumed responsthility for the district’s in-service program tor elementary schoel science
The distnict has devoted a portion of Title Two funds to suppurt leadership activities of the CO-STEP teachers

CO-STEP has strengthened the ties between Mesa State College and Mesa County Vallev Schools Dr Garv
McCalhister, biology professor and Dr. Norma Smith, Dean of the College of education are serving on the steering commttee
for the CO-STEP Center. The CO-STEP coordinator serves on the strategic planning team for the Mesa State branch of the
CONNECT project (Colorado’s Statewide Svstemic Inttiative). In her anviual re 11, the CO-STILEE coordinator stated.
“LLocal teachers, adrministrators, and college protessors with expertise in the pedagogy important to CO-STEP imake it
possible tor the program to work here.”

The CO-STEP coordinator indicated that the participants have exhibited a strong commuument to changing the wayv they
teach science  CO-STEP teachers are using more hands-on and minds-on activities in their classrooms. Many have incorpo-
rated cooperative learning into thew science program and are using 1t in teaching 'n other content areas as well,  Durning one
schoul visit, the BSCS project director and the center coordinator observed several teac iers working with their students on
an eeology unit dealing with predator/prey relationships  The students, which included a number of special ¢ ucation stu-
dents, were working in teams examining ow! pellets, developing dioramas, and wr ang stones about predators and ther role
in natural commumtics

Ten of the participants participate in the Master’s degree program offered through Adarn: State College. This s a
special degree program that Adam's State College developed for the CO-STEP project Adams State College includes
several of the CO-STEP courses 1n their masters program. CO-STEP participants who complete the program will receive a
Masters of Arts in Elementary Hducation with an emphasis i science.

6.4.4 Quantitative data. We tound sigmficant changes (05 level) in the number of minutes of s nee taught per week
unereased). the pereentage of time spent on discovery-based learming activities (inere sed), the amount of tme students spent
usmg a seeond or third testbook (decreased), the perception that constructivisim 1s valuable in elementary se. ool science
mstruction (nereased), the willingness to use o catio al technology 1n teaching (decreased), the perception at they arc
well prepared to incorporate constructivism into teaching (incriased). the percep’ion that they are prepared to teach other
teachers about (1) constructivism, (2) cooperative learming. (3) major conc: ptual themes, (43 assessment and evaluation (3

the nature of science, and (6) science facts (increased)

We tound a sigmficant im-

provement (.05 level) in personal Sum of Mean F F
Sc ce DF Squares Squares Rato Prob
sflicacy toward teaching science,
cfticacy toward teaching s¢ Outcome Betwean groupe 2 19125 9583 3 a8
N . v ety | AL Expectancy YWithin groups 80 7028.18 117 10
but not for vutcome expectancy Yot 62 7217 43
for science teaching Table & : —
R Personal Between grou;a 2 6880.08 34003 47 00
provides the results of the Analy Effcacy Within groups 62 2480 89 40 18
Total 64 316875
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mstrument s not unusual for

teachers to first change their be Fable 5 Analvsis of Vanance Pre Post Postpost for STED o Grand Junction
Hefthat - can teach science
well betore thev change their behet that students will tearn seience successfalis - Ac voding to Hall and Hord (1987 tor the

first thiee vears, or more, of implementing new approaches to teachivg:, teachers often tocus their attention on, intormational.
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persenal, and ma..agement concerns and do not begin to concentrate on refining the program to masimize student ' -armng
until later in the process of implementation. The teachers must first suceessfully teach and see improvements in student
learming, before they have expectations for improved student outcomes This general pattern of teacher concerns 1s sup-

ported by the results of the

SoCQ (see tigure 6). Atthe
begimning of the project oo
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6.4.5 Plans for sustairing the program Scveral butlding prinaipals and tisiniet-level administrators hay mdicated a
Jdesire and a commutment to continue the rogram atter NSE Junde g ends They ¢ otimate that they can continue the progra
At a cost of $20.000 per vear Center stafl aleng with bu hing and dustrs t-Jevel admmistrator are <ecking funds through
reallocation of distriet tunds and from the communire and state agencies
6.5 University of Northern Colorade in Greeley (started in 1993)

fhere are 19 participants in the CO-STEP project at the Greeley Center The participants represent both urban and
ruial sett gs. Vhe participants are from seven schools and three school districts. one of two elementany schozls s from
Izaton, which has 484 students in the district, five of thirteen schools are trom € - clev, which has 5,685 students in the
district. and one of seventy-nine schools s from Denver Public Schools, which has a student population of 62,673 Of the
participants, one-third are in grades 1-3 and the remainder are in grades 4-6. two-thirds teach m self-contained classrooms.
10 percent have » masters degree. all have more than 10 semester hours of science. 40 percent have less than 10 years of
cachiny expertence, 20 percent are Hispane and the rest are Caucasian. and 93 percent mdicate that thar school qualifies
for Chapter One tunds

6.5.1 Partverships and cost sheving The Umversity of Northern Colorado (UNCy s the primary subcontractor for
PINC COSSTEP Cunter The UNC CO-STEP Center formud partnerstips with the Greeley Schoals a0 Faton Schools Rl
2.oand the Mt deen Schoolin Denver The Piaversity s contribution to the COSSTEE Center 18 $23,230 for the first three
vearsof the proocet The UNC Coanter was one of tour centers that m 1993 apphed tor and recerved an BPA Environmental
I oneation Grant ¢ VNG receved $5.0000 1o supplement the mstrscaonal program for envaronmental science duning the

Pt oS achoobvear The Center statt s collaborating swith BSe>Ustatt and the COTNECT sire at UNC/Gireeley Y 6 cone
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¢ the twelve partnerships in Colorado’s Statewide Systemuc Initiative) to conduct the staff development program for Greeley
and UNC CO-STEP participants dunng the summer of 1995

¢.5.2 Teacher development program. The major goal of the UNC CO-STER pnogam 1s 1o assist participating
teachers in planning, desigrung, and implementing improvements in their science and mathernaties curmicula, assessment
yrocedures, and teaching ~ rategies. To meet the needs of the distriets and participants, the enter statt desiamed the follow -
ing statl development program

1) Content/pedagogy (summer cach vear)

2y Curniculum design and inplementation (summer and tall cach vear)
31 Implementation/action research (fall and spring each vear)

4) Leadership (surnmer each vear)

3y Strategic planning (sumrner and fall of the {irst vear)

The courses and seminars in this design attain the general CO-STEP model of 110 hours of direet instructional tme
The unique teature of the program is that the majonty of the instructional time 1s sched: ed 1n the summer o accommaodate
the needs of the umiversity and participants - A specral emphasis of the UNC Center 1s on providing intensive follow-up
suppt  and coaching to participants in their classrooms during the school vear. [n add: on to being instructors tor the
vourses and seninars, the statf members are assigned to a school team of participants and meet with them on a weekly basis
throughout the school vear. In the other CO-STLP Centers, the staff members tvpically visit less frequently, ranging trom
once a month to trwice a vear. Dunng the visits UNC Center staff meet an§ consult with participant teams and individuals,
abserve seience classes, and assist participants in teaching one or more of their unit lessons

6.5.3 Qualitative information. Dunng the fall of 1993, the Center stafl otfered two all-day workishops on curmiculum
implernenta: on, strategic planming. and leadership  The content tocus for the 1994-93 program 1s environmental science
The statf arranged & a special two dav session at the Rocky Mountain Natiouad Park with an environm: tal educator, Mark
eCregario of the National Park Service, who worked with participants using ccological and environmental activities, and
mvestizations  Participants responded positively to these program activities

'he participants are making substantial progress i improving their school serence programs - One of the participants
- stablished a special “elem: ntary chaustr program for at-risk students in her -chool  The initial goals and objectives tor
this program were £1) o introduce the key clements of a chermustry lab by providing a hasic understanding of laboratory
tediniques, (2) o atroduce tundamental chemistry concepts such as a basic understanding of atoms and their structure, and
(3 to introduce and engage students 1n the use of scientific processes  Students studied prominent scientists from their own
- ulture and other cultures, and were wged to attend ollege and pursue studies 1in chiermistry or one of the other sciences

6.5.4 Quantitative data. Tho rticipants at the Greelev Center did not complete the mnovation checkhist as part of
therr pretest, therefore, we could not 1 ke cornparisons between pre and posttest en those variables W tound no signifi-
cant changes for cither STEBI subscale The SoCQ protiles (see figure 7y tollowed the expected pattemn of 2 deciease in
mitral high iformation personal. and management coneerns, which indicates that te - hers ave makmg progress in th
process of change

6.5.5 Plans for sustaining the program  "he UNC Center s buldiug a partnership ssath the Dinversity and waith the
CONNECT sitein UNC/Greeley ' o TTackett, a professor of science edneation at UNC who serves with the Tocal bra, Booff
the COWNL L project, joned the sttt ol the TNC COSSTRP Conter for s thud projectvear 1 oas goal s toomte the

CONNECT project, the misston and imtesests of INC and the COSTHE projeetinto s coherent whole  The plan s for the
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6.6 Douglas County Public Schools in Castle Rock (started in 1993)

Mhe CO-STER Center in Douglas County started 11 work duning the fall of 1993 Douglas County RE-1 has appross-
mately 10622 clomentary students and A%0 elementary teachers. Dovglas County RE-1 s tocated south of the ity of Denver
and meludes both suburban and rural areas I0s onwe of the tastest growing school distnets i the nation Lhe district admin-
stiaton s mvolving seleet CO-STEP 3 racipants inredesigning the science program  Lhe districthe - an outdated tramie-

ork tor clementary seience that includes gurdelines tor content and process skalls, but has no formiad scienee program
several CO-STEP participants are imvolved m developmg district seience standards based on the Colorado State Scie e
standards, the next step will be to adopt, adapt. and/or develop an clementary scienee program for the district

The £ uglas County Center has 29 partieipants Lom 11 of the 21 elementary schools in the school distrnet Dunng the
first two vears, only four members dropped out of the program The wntial group consisied of 31 parucipants, and two new
teachers were added from schools already participating in CO-STEP - Of the participating teachers, 84 percent are from
crades 4-6. 100 percent are i self-contamed classrooms: 32 percent have a masters degree. 63 percent have carned 10 or
fess semester hotrs 1 seienee. 1 pereent have Jess than ten vears of teaching expenence. 73 percent are Caucastan, and 19
nercent mdicate that therr seoed quabities for Chapter One funds

6.6.1 Partnerships and cost skaring | he school distriet s the subcontracton for the Douglas County Canter The
Conter 1s collaborating with the Hanverssty of Colorado - Denver to provide partierpants wath an apportfisnaty to cart a mas-
wrs degree m elementary education with a science focus The distiiet v providing $17.217 per vear i support 4 the project
Inaddition, the detniet provides the parmeipants cach with 79 to purchase currienlim matertals fot the science units devel-
aped in COSTEP Apother $6 900 15 regrstranion tees for gradnate ers it are hemg pasd by participants desiring eredit each
Vaeat

6.6.2 Tezcher develonment program. Douglas County s anique n that many of their clementary schools operate

sear-tonnd - heretore, the generall model BSCS developed for the CO-STEP program did not fit ther operation Wath the
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assistance of BSCS, staff of the Douglas County Center developed a teacher development program that incorporated the
goals and objectives of the CO-STEP program, but whose schedule was compatible with year-round schoolmg  In the
Douglas County plan, participants meet twice a month for evening sess ons throughout the vear, with an vecasional additional
Saturday sesston to meet the required number of contact hours for the programs’ components  Because there s no extended
stimmer vacation, the Curniculum Planning Course 15 sheduled during the regular school vear - Anunanticipated, positive
effect of the CO-STEP project is that Douglas County Schools are using the collaboration with the University of Colorado -
Denver as a model for how to design and deliver intensive statt development to their teachers

The CO-STEP program in Douglas County began with a strategic planning seminar presented by district adnnmistrator s
and BSCS stafl The phvsical science course tollowed the strategie planming seminar - The Center uses secondary science
teachuers, who are farmbiar with the content and pedagogy empahsized in CO-STEP, as the mstructors for the seience content
courses. BSCS statf colluborate with the instructors in planming the content courses and provide assistanee and support
during the courses. A BSOS stat! s:mber, Don Maxwelll occassionally serves as a guest instructor

i'he content course cach vear (durng October through February) s followed by a Curmculum Planming Course (duing
March through mid-Falv) in which participants review resource matenals and programs related to the science content area
thev gust stndied. Then, working i teams, the participants develop a science unit to use with their sindents by adapting
extant materials and programs to a constructivist approach. During September through November cach vear, the participants
are i oived m a senes of seminars dealing with leadership and action research - The Action Research Serminar and the new
Sorene Content Course alternate sessions durnng October and November - The schedule 1s dernanding tor participants. but
Jurag the tirst two vears they have mantained a high tevel of commtmeni to the project

6.6.3 Qualitative informatien The Center statt indicated in thewr annaal report {July 1994) that the participants are
cncouraged by the support they are receiving from butlding prineipals and fetlow teachers. One school adopted the improve-
ment of school science as a maper goal for the comimg vewr, with CO-ST1P participants bewng asked to assume the leader-
shup

Assessmentt has been o speetal emphasis of the Doublas County Center nthe Curnicuhun Planning Course, the particr
pants examined assessment techmques as part of the development of a scrence umt - The quality of the physical scienee unit
was evaluated with a mubrie developed by Center staff. As another component of the overall assessment of the project, the
Center stafY evaluated teacher -developed porttolios sontaiming responses to eleven journal articles/book chapters and re-
sources that would help them (o be a better science teacher  Center stafl worked with individuals and small groups as they
developed thewr umis 1o ensure they incorporated the CO-STEP components related to pedagogy  The presentations made by
partcipants durng the last curnculum planmng session were excellent Groups presented their units and responded to
pmiestions and suggeshons form other participants Participant evaluations of the mstitute indicated a agh lev el of learning by
cartiepants and a desire for clearer expectations fromanstougtors

Fhe Teaders'ap semumar foensed onassishng teachers i developig a meanngful framewotk for etlect ¢ protessional
development and on understanding the change process assoctated with v oplerienting thew strategie plans. Content for the
sennar ineluded 1 five madels of staft development (Denms Sparks). adult Teprung theory (Matcolm Knowles) Concerns
Based Adoption Madel (Gene Hall and Starley Hord), peer coaching, transitions management ( Wilham Bridges), statl
development paradigr shafts (Denms Sparks), and the RPTIM school improvement model (Fred Wood) Participants wrote

two papets i reaction to journal articles telated to staft development and change A final paper was required that deseribed
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how the concepts and models taught in the ¢lass would be used to support implementation of the strategie plan for then site
Evaluations of the leadership course were extremely positive  Participants appreciated looking at the processes and strate-
gies ot implementation

The Action Research semunar focused on assisting participants in conducting ¢ 1on research in thair classrooms Each
participant formulated a question, the answer to which was of special interest to him or her The ook /ow o Use Achon
Research in the Self Renewing School (Sagor, 1992) served as a text. Participant feedback about the quality of the course
was very positive. Some parti: pants felt the course requirements were to high for one hour of eredit This 1s consistent with
what we found in other centers were there was an in-depth focus on action researeh. the st attempts can be a struggle We
found mn the other centers that when the panicipants go through the second vear of the action research seminar that they find

the rescarch study easter to conceptuab /¢ and conduct and more meanmngful to ther teaching

6.6.4 Quantitative Jdata,

We tound signiticant improve-
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srovided by NSF - They are considerig the possibility of beginning a second CO-STEP cohort next vear betore the tirst
group fimshes. because they want to expand the project to teachers tn schools that have not participated i CO-5TEP
Douglas County admimstrators also indicate that they mtend o expand the masters program that the U niversity ol Colorado

Denver established in collaboration with the CO-STLEP Progray.:

7.0 Conclusions

Overall, the project s progressmg well 1ach of the six Centers 15 providing a quality protessional development pra
gram i science education for a group of elenwntary school teachers The participants are changing in their beliets about
their ability to teach serence and thewr behet that all students can learn setence. Vhe participants are improving what they
teach, how they teach. and how thev assess learming in science They are progressing through the process of changing their
scienee program following the pattern supported by the rescarch from the Concerns Based Adoption Model. They are
becoming leaders in school science improvement in thewr schools, therr distnets, and therr state. Thev are influencing the way

thetr colleagues in thewr schools and distriets are teaching s, -ce Our judgment s that at s half-way pomnt, CO-STHP 1wa

NHECUSS

Saving that CO-STEP 15 a success s not the same as saving that there are no problems or unresolved sisues The focus
o the evaluation 1n the middle of the proyject has been on obtaining formative feedback to guide improvements We have
wlenufied the following as arcas tor improvement

I Summatve evaluanon We plan to strengthen the evaluation plan for the summative evialuanon of the project. W
need 1o collect data to assess the nature of the classroom learming environment. We need to assess the change in
weachers” knowledge about seience. We need to collect additional information using multiple methodologies to
assess the changes in classroom practices of the teachers. 1o the extent possible, we need to mvestigate changes in
student learning resulting from the project. We need to document the effect that »articipants are having on changing
the teaching of their colleagues. Much of the data must be collected through obscrvation, interviews, and analvsis of
artifacts of teachers, students, and admimstrators We will ask the Center statY to asstst in collecting and analvzing
these data for the summative evaluation.

2 Unit plannu-¢. The nature ¢ the umt planning task vares among Centers more that we would hke. We want to
continue to cacourage and support Center statt in facilitating participants in developing their urut plans  The focus of
unt planning should be on adapting extant curniculum matenals for the local goals, objectives. environment, and
culture - At Centers where umit planning has been accomphshed well, we have found that 1t1s the kevstone (o teach:
ers” reconceptualization of their vision of good science teaching

4 Action research. The quality of the action research that participants conduct varies sigmficantly from site to site
We are learning that action research 1s a powerful strategy to focus teachers on gaming control over their own pro-
fesstonal development We believe that by developing the research skills of teachers that they can and will use
disciplined inquirv as lifclong leamers of science education

i Sustumng the network. The Center staff uniformily agree that a major benefit of the project s the cotlaboration and
shanimg armong themselves during our regular state-wide meetings of Center stat} and informally between fatf mem-
hors from different sites. In a state where local control of education 1s the Taw and teacher education 1s decgated to
only a few of the mstitutions of higher education, a project like CO-STEP, which has as tts purposc to bunld a collab
crative network tor the improvement of elernentary school science programs throughout the state, taces many chal-
lenges  Howewver, with the recent establi-hment of the Colorado Systemie Imttative {CONNECT project) whose
primary purpose 1s to coordinate science and mathematies education throughout the state, CO-STEP now has an
umbrella orgamization that serves to unitv all levels of the state education infrastructure around a cominon purpose
A mator tocus of CO-STEP durng the last two vears of NSE support will be (1) to strengthen the collaboration
among the CO-STEP Centers, (2) to mstitutionalize the CO-STEP proy cam at cach Center, and (3) to strengthen the
ties ameny CO-STEF, CONNECT, and all other individuals and institutions involved in the unprovement ol scrence
and mathemnatics education in Colorado
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