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Over the past decade, national and state policy makers have wagered heavily
on systemically reforming science and mathematics education through inquiry-
based instructional approaches. Thisstudy examinestheimpact in one state of
intensive science and mathematics professional development for teachersin
the context of statewide systemic reform. Based on a unique longitudinal data
set, the study model sthe impact of professional development onteachers' atti-
tudes toward inquiry-based instruction, their capacity to adopt inquiry-based
teaching strategies, and their classroom use of inquiry-based instructional
practices. Thefindings are remarkably consistent across both subjects. Teachers
attitudes, preparation, and practices all showed strong, positive, and signifi-
cant growth from preprofessional development to the following spring. Fur-
thermore, these gains were sustained over several years following their
involvement. These findings provide a promising indication that large-scale,
high-quality, intensive training set within a context of standards-based sys-
temicreformcan bea powerful mechanismfor sustainedimpact onteachers.
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THE PROMISE of inquiry-based instruction to change the heart of educa
tional practice has pulsed through at least three major educational reform
movements in the United States in the 20th century. On the first two occa-
sions, the Progressive movement of the 1920s and the curriculum reform
movement of the 1950s, the reformsfailed to take hold because they did not
have widespread influence on teachers—the key playersin any instructional
reform (Elmore, 1996). The third occasion, the systemic reform movement
that began in the early 1990s, promoted the use of inquiry-based instruction
through sustained professional development efforts. This article examines
whether these professional development efforts, embedded in systemic
reform, can promote teacher use of inquiry-based instruction.

Inquiry-based instruction is a student-centered pedagogy that uses pur-
poseful extended investigations set in the context of real-life problems as
both a means for increasing student capacities and as a feedback loop for
increasing teachers’ insightsinto student thought processes. First widely pro-
mulgated by John Dewey (1915), the inquiry philosophy was a central tenet
of the Progressive reform movement (Cremin, 1961). Progressive education
reformers undertook massive curriculum reformsin the 1920s and 1930sin
many U.S. school districts but, according to educational historian Larry
Cuban (1984), the new curricula“ seldom appeared in more than one-fourth
of the classroomsin any district that systematically tried toinstall these vari-
ous elements’ (p. 135). With afew notable exceptions, reformers’ efforts of
that era had little impact on classroom teaching practices.

The second inquiry-based instructional reform movement occurredin the
late 1950s and 1960s. In part spurred by Russia’s launching of Sputnik in
1957, thecentra ideaof thereformswasthat studentsshould engageininves-
tigationssimilar to those of professional scientistsand discover both the sub-
ject content and methods, as well as the processes of constructing their
knowledge (Dow, 1991). The reform focused on curriculum codevel oped by
university faculty content experts, science educators, and school teachers.
Curriculum projects included the Physical Sciences Study Committee's
(PSSC) high school physics curriculum, begun in 1956; the Biological Sci-
ences Curriculum Study (BSCS), begun in 1958; and Man: A Course of
Study (MACOS), begun in 1959. These curriculum projects received sub-
stantial funding from both private foundations and the National Science
Foundation (NSF) (Elmore, 1993; Grobman, 1969). But, likethe progressive
efforts, what resulted had very little impact on the core of U.S. schooling
(Elmore, 1996).

The third major inquiry-based reform effort of the 20th century has been
underway since the early 1990s, when reformers began advocating inquiry-
based instruction asaprimary element of systemic reform. Systemic reformers
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seek to devel op coherent educationa policiesthrough coordinated governance
structures that align the various components of the educational system (i.e.,
standards, assessments, curricula, professional development, etc.) to provide
reinforcing and complementing policies (Vinovskis, 1996). Driven by the
release of the mathematics standards (National Council of Teachersof Math-
ematics, 1989, 1991) and the science standards (National Research Council,
1996), inquiry-based instruction is a central tenet of systemic reform.

A principal example of the pivotal role of inquiry-based teaching in sys-
temicreformisthe NSF sstatewide systemicinitiative (SSI) program, which
provided grants of approximately $10 million over 5 years to 24 states and
Puerto Rico to reform their educational systems. Perhaps learning from the
mistakes of the 1950s curriculum-centered reforms, which popularized the
term teacher-proof curriculum(Cremin, 1961), the SSI reform movement is
driven by professional development that, in the best of cases, both teaches
and models inquiry-based instruction. An SSI evaluation that looked across
sites found that “increasing the opportunities for professional development
of teachers and enhancing their quality were central strategiesfor aimost all
of the SSIs” (Corcoran, Shields, & Zucker, 1998, p. 3). In fact, professional
development represented the single largest category of expenditures across
the SSIs(Marder, 1996). In 1994 a one, SSlsreported providing professional
development to nearly 50,000 teachers, approximately 8% of the public school
teachersin the SSI states (Zucker, Shields, Adelman, & Powell, 1995).

Thisarticleexploresthe potential fate of the third movement by assessing
the impact of inquiry-based professional development in Ohio, one of the
first cohort SSIs, funded in 1991. Ohio’s systemic reform strategy centered
on ddlivering 6-week inquiry-based professional development institutes to
science and mathematics teachers via a regional infrastructure. Intensive
content institutesin physical science, mathematics, and life sciencewerefol-
lowed by six seminars spread throughout the academic year that focused on
grade-appropriate curriculum, equity issues, and authentic assessment strate-
gies. AsOhio’ s SSI matured, other professional development programswere
implemented to reach more teachers. However, the 6-week institute
remained the SSI's core professional development strategy.

Using Ohio’ sexperience asan example, our analysisexaminesthefollow-
ing questions: What are both the short- and long-term impacts of systemic
reformsthat center their efforts on inquiry-based professional development?
Morespecifically, what arethereform’ simpactsonteachers’ attitudestoward
inquiry-based instruction, their preparation to adopt inquiry teaching tech-
niques, and their classroom use of inquiry instructional practices? Further-
more, what are the implications of these policies for educational reformers?
To answer these questions, we employed a hierarchical linear growth model
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that allowed us to examine both the short- and long-term impact of Ohio's
professional development efforts.

First, wedescribethe context, methods, and findingsin greater detail . Sec-
ond, wedetail Ohio’ssystemicreforminitiative. Third, wedescribethe meth-
ods used in this study, including a description of the measures, a portrait of
the sampl e, an account of the anal ytic approach, and atechnical explanation
of the construction of the models used for thisanalysis. Fourth, wereveal the
results of the study. Finally, we discuss the importance and implications of
the findings.

OHIO' S PROFESSIONAL DEVELOPMENT
IN THE CONTEXT OF SYSTEMIC REFORM

Ohio’ssystemic reform strategy focuses onimproving student learning of
science and mathematics by providing teachers with the knowledge, skills,
and information needed to change their individual teaching practices; by
helping teachersto affect lateral changein their schools and districts asthey
serve asworkshop leaders and in other capacities; and by hel ping teachersto
learn how toinfluencecurricular and assessment policiesintheir districtsand
state. Using a regiona delivery model through existing higher education
institutions, Ohio’s SSI, called Discovery, began sponsoring inquiry-based
professional development in mathematics, life science, and physical science
in 1992, Discovery concentrated initially on reaching middle school teachers
and then, over time, increased emphasis on elementary and high school
teachers. To date, Discovery has provided professional development to
approximately 20% of the middle school teachersin the state.

Discovery was based on two premises. First, that classroom teachers—
particularly elementary and middle school teachers—were woefully under-
prepared to teach science and mathematics effectively. Second, that the needs
of an increasingly diverse student population required teachers to employ
instructional strategies designed to increase the motivation of that student
population. Enhancing teachers’ knowledge of science and mathematics and
improvingtheir skillsinthe use of inquiry teaching becamethe centerpiece of
Ohio’s Statewide Systemic I nitiative. Discovery’ sstrategy was supported by
evidence that suggested the effectiveness of inquiry instruction (Arons,
1989; Bybee, 1993; McDermott, 1996). That literature also indicated that if
teacherswereto effectively useinquiry, then they needed to learn by inquiry
(Arons, 1989; McDermott, 1996). Research studies concerning gender and
racial/ethnic differences in participation and achievement in science and
mathematics also suggested that inquiry motivated underrepresented stu-
dents (Atwater, 1994; Fennema, 1990; Kahle, 1996).
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Briefly, teaching by inquiry seeksto build on a student’s natural inquisi-
tiveness to develop the scientific (including mathematical) knowledge and
thinking skills that enhance one's daily life and make a career in science,
mathematics, or engineering possible. In contrast to traditional instructional
methods that emphasize what is known, teaching by inquiry stresseswhat is
unknown, particularly to the student. In inquiry instruction, students and
teachers collectively pose a question, collect evidence, and develop one or
more solutions. Inquiry instruction can take many forms, varying from struc-
tured inquiry in which there is a known outcome to open-ended inquiry,
which may have one or more outcomes. That is, questions are posed, and stu-
dents seek answers though investigations, including experimentation, col-
lecting evidence, and problem solving. Open-ended questioning and cooper-
ativegroup work arecornerstonesof inquiry teaching forming thefoundation
of the professional development provided by Discovery.

Discovery’s professional development institutes consist of an intensive
6-week, 8 graduate semester hours (approximately 160 contact hours), sum-
mer professional development experience. Theinstitutes, conducted by aca
demic leadership teams that include higher education faculty and K-12 lead
teachers, are based on Physics by Inquiry (McDermott, 1996). The model
used in the Physics by Inquiry curriculum is closer to structured inquiry. The
goals of the ingtitutes are to expand the content knowledge of teachers
through inquiry-based instruction, model inquiry teaching so teachers can
experience how this pedagogical tool is applied to real-world concepts, and
relate course content to national science and mathematics standards. Partici-
pating teachers received stipends for participation.

During separate 6-week institutes in physics and mathematics, teachers
were divided into cooperative learning groups. Although teachers of Grades
5 through 9 were given preference, teachers of all grade levels eventually
attended the ingtitutes. Instructors attempted to construct the cooperative
groups to include different grade levels. Daily, new problems were posed,
generally through the curriculum in physics and by the students and instruc-
tors in mathematics. Groups were left to design experiments or try various
problem-solving strategies. When a group thought that it had found a solu-
tion, it had to explain and judtify its thinking to the instructor. Algorithms
werenot used; rather, thefocuswas onlearning through doing. Teacherskept
journalsthat chronicled their experiencesand, inthe physicsand life science
ingtitutes, responded to embedded assessments. Asthe number of sites offer-
ing ingtitutes grew from 2 to 28, quality and uniformity were ensured by
requiring al instructors to participate as students in the institute that they
were to teach.
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Ongoing school district support is an important component of profes-
sional development. Following their intensive summer professional devel op-
ment, teachers participated in academic year seminars (2 graduate semester
hours of credit), receiving release time from their districtsto meet for 6 days
throughout school year. These follow-up sessions focused on sharing strate-
gies, adapting curricula, and addressing the issues that teachers face when
they try toimplement inquiry-based instruction. Discovery reportsthat atten-
dance at these follow-up sessions was in excess of 90%.

After the summer institutes, Discovery teachers were supported in avari-
ety of ways. First, aregional infrastructure was devel oped that provided sus-
tained local support. That is, teacherswho had gone through the professional
development year received on-site visits and on-demand support from
regional |eadership teams composed of doctoral-level scientists and mathe-
maticians and teacher-leaders. Based on teacher feedback, these support ser-
vices varied widely in quality across the state. Teachers also had access to
their peersthrough an el ectronic chat service called Discovery Net, periodic
newsletters, and annual 2-day conferences.

Finally, itisimportant to understand Discovery’ srolewithin thecontext of
science and mathematics education reform in Ohio. Discovery built on the
strong foundation laid by both the National Council of Teachers of Mathe-
matics (NCTM) (1989) standards and the tradition of mathematicsreformin
the state, which emphasized the importance of inquiry. For example, a
high-stakesstate proficiency testin mathematicswasin placeprior tothe SSl,
and the state had an approved model curriculum in mathematics. In science,
Discovery’s leadership played an important role in the development of the
science model curriculum and state proficiency tests. In addition, Discov-
ery’ semphasison middle schoolsresulted in new middle school certification
programsin science and mathematics. Furthermore, Ohioisin the process of
changing from teacher certification to licensure—a change that recognizes
the importance of substantive professional development.

METHODS

Our analysis of the impact of Discovery is based on teacher survey data
collected between 1992 and 1995 as part of Horizon Research, Inc.’s (HRI)
evaluation of the Ohio SSI. The survey instruments that were used to collect
data from Discovery participants were based on those used in HRI's 1993
National Survey of Science and Mathematics Education (Weiss, Matti, &
Smith, 1994). The surveys asked teachers questions about their attitudes,
beliefs, and inquiry-based teaching practices, as well as for demographic
information about both themselves and their schoals.
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To evauate whether teacher attitudes toward inquiry-based instruction,
preparation to implement inquiry-based instruction, and classroom use of
inquiry-based teaching practices changed over time, we developed con-
structs of the three phenomena. We measured whether they changed over
time while controlling for a series of individual and school characteristics.

Although we hypothesize that teachers must have a positive attitude
toward inquiry-based instruction before they feel prepared to use
inquiry-based instruction, and attitudes and preparation must both precede
changesininquiry-based instructional practices, we examined the three con-
structs independently. Both individual teacher characteristics (involvement
in reform activities, years of experience, gender, ethnicity, grade level) and
school characteristics(school climate, percentage of minority studentsinthe
school, and whether the school was public or private) were used to predict
growth at each time period. In therest of this section, we discussissues asso-
ciated with thereliability and validity of self-reported data. Wethen describe
the sample the variables used in the analysis. Finally, we detail our analytic

strategy.

Reliability and Validity of Self-Reported Teacher Survey Data

In the 1980s, there was some question as to the reliability and validity of
self-reported teacher survey data. On one hand, surveys were more cost-
effective than observations, interviews, artifacts, or teacher logs as away to
collect data on teaching practices. On the other hand, it was unclear whether
teachers could report validly on the schooling process or whether curricular
practice could be measured accurately on a survey without observing the
interactions between teachers and students (Burstein et al., 1995).

Researchersin the 1990s have | earned much about the strength of surveys
to collect data accurately on teaching practices. Porter, Kirst, Osthoff,
Smithson, and Schneider (1993) examined the consistency between survey
responses pertaining to instructional style and detailed teacher logs describ-
ing actual lessons, and they concluded that substantial overlap existed.
Burstein et al. (1995) used interviews, observations, daily teacher logs, and
classroom artifactsto validate survey data. They found that survey datacould
depict topical content and instructional strategies vaidly but that instruc-
tional goals were more difficult to capture accurately through survey
research. Mayer (1999) explored thereliability and validity of survey dataas
part of hisstudy of therelationship between NCTM-based teaching practices
and student achievement. Assessing thereliability of hissurveys, Mayer sur-
veyed agroup of teacherstwice in a4-month period and found a correlation
of .69 between responses on the two administrations. To vdidate his
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;a}ezlpeoise Rates of Discovery Science and Mathematics Participants for Each Time Period
Science Mathematics

Timel Tme2 Time3 Time4 Timel Time2 Time3 Time 4

100% 74% 44% 38% 100% 62% 43% 41%

instruments, Mayer observed a random sample of nine classes and found a
correlation of .85 between observational data and survey responses.

Sample

Thesamplefor our analysis consisted of the 1,475 Ohio teacherswho par-
ticipated in Discovery professional development activitiesbetween 1993 and
1995. Participantsin Ohio's science and mathematics professional develop-
ment sessions were surveyed at the beginning of their 6-week summer pro-
fessional development on their attitudes and beliefs about teaching and their
classroom practices. They weresurveyed again each spring for upto 3years.

Thus, we have up to 4 data points for three cohorts of Discovery partici-
pants. That is, for the 1993 cohort, we have 4 data points (1993-1996); for the
1994 cohort, we have 3 data points (1994-1996); and for the 1995 cohort, we
have 2 data points (1995 and 1996). The overall responseratesfor each of the
four time periodscoveredinthisanalysisareshowninTable 1. Time 1 canbe
considered the entire cohort of attendees because this group completed their
survey as a captive audience. The first postexperience survey, Time 2, was
administered by mail thefollowing spring, about 10 months after the profes-
sional development began. Thedatafor Times 3 and 4 were also collected by
mail each subsequent spring.*

Attitudes, Preparation, and Use of Inquiry-Based Instruction

We wanted to know whether teachers attitudes toward inquiry-based
instruction, their preparation to use inquiry, and their actual use of inquiry-
based instructional practices changed after participating in the Discovery
professional devel opment activities. Based on the survey questions, compos-
ites were constructed to represent teachers’ attitudes, preparation, and use of
inquiry-based instruction in both scienceand mathematics. A completelist of
the questions that comprised the constructs in both subjectsis shown in the
appendix.

Thecomposite of teachers’ attitudestoward inquiry-based instructionwas
based on questions about their beliefs about the teaching of mathematics or
science. The reliability of these composites ranged from .54 to .64 in
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mathematicsand from .36 to .51 in science, depending on the cohort and year
examined.

The composite of teachers’ preparation for inquiry-based instruction was
based on aseriesof questionsabout their feelings of preparednessto organize
and facilitate an inquiry-based classroom using such techniques as coopera-
tivelearning, technology, and a variety of forms of assessment. Thereliabil-
ity of the preparation composites are far more solid than those of attitudes,
ranging from .84 to .88 in mathematics and from .78 to .87 in science,
depending on the cohort and year examined.

The composite of teachers’ use of inquiry-based instruction was based on
a series of questions about the extent to which the students in the teachers
mathematics/science classes were taking part in inquiry-based activities,
such asworking in small groups, doing hands-on activities, and working on
long-term projects. The reliability of the practice composites were again
quitestrong, ranging from.72to.85in mathematicsand from .66t0.86in sci-
ence, depending on the cohort and year examined.

Finally, to facilitate the interpretation of the magnitude of growth in the
three areas and to minimize the effects of dight differencesin thewording of
the questions underlying the composites of attitudes, preparation, and prac-
tice over time, the three outcome composites were standardized to have a
mean of zero and a standard deviation of 1. The standardization was done
once across the multiple data points for each individual .

Teacher and School Characteristics

Participantsin Ohio’ ssummer instituteswere predominantly experienced
White female middl e school teachersfrom public schools. Table 2 showsthe
individual characteristics of the participants and the attributes of the schools
they attended.? Each of thesevariableswasusedin the subsequent analysis.

Inthe mathematicssample, 76% of the parti cipantswerewomen, whereas
in the science sample, 69% were women. More than 90% of the participants
were White, with about 8% African American.® The ragial/ethnic composi-
tion of the sample roughly matches the demographic proportionsin the state
asawhole. Approximately half of theteachersin both the scienceand mathe-
matics samples taught middle school, here defined as teachers who reported
teaching in Grades 6, 7, or 8. Approximately one quarter of the teachers
reported teaching elementary school (K-5), and one quarter taught high
school (Grades9-12). On average, both the science and mathematics partici-
pants had approximately 11 years of teaching experience. However, there
was a wide distribution in experience, with each sample having a standard
deviation of about 8 years. Teachersreported experience levelsranging from
1to 32 years.
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Teble 2
Individual Characteristics of Teachers Receiving
Discovery Professional Development

Science (n= 701) Mathematics (n = 603)

Femal e teachers (%) 69 76
Male teachers (%) 31 24
White teachers (%) 93 92
African American teachers (%) 7 8
Elementary teachers (%) 24 26
Middle school teachers (%) 52 55
High school teachers (%) 25 20
Y ears of experience

M 10.91 11.46

) 8.15 8.35

Minimum 1.00 1.00

Maximum 32.00 32.00
Professional involvement

M 1.45 1.23

D 1.33 1.28

Minimum 0.00 0.00

Maximum 5.00 5.00

A final participant characteristic used in this study was a teacher's
involvement in professional activitiesbefore heor she participatedin Discov-
ery. Thismeasureincluded participationin activities such asteacher associa-
tion meetings and curriculum development committees over the previous 5
years. We chose thisindicator as a measure of the extent to which individual
teachers were active in the teaching profession prior to their training. The
reliability of thisfive-item construct, computed by using Cronbach’ sinternal
consistency measure coefficient alpha, was .75.

We also included severa of the teachers’ school characteristics in our
model because we hypothesized that teachers in different school circum-
stances might adopt inquiry differently. These characteristics are described
in Table 3. Ninety-three percent of the teachersin Discovery werefrom pub-
lic schools. On average, the school s these teachers taught in were composed
of approximately 20% minority students, including African American, His-
panic, and Asian students. Therewas also abroad variation in the percentage
of minority studentsin the schools of Discovery participants, with responses
ranging from no minority students to 100% minority students.

Finally, we included a measure of the climate in which teachers were
instructing. This measure assesses the degree to which teachers felt empow-
ered within their school. The questions used to create this variable asked
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Table 3
School Characteristics of Teachers Receiving Discovery Professional Devel opment
Science (n = 701) Mathematics (n = 603)
Public school teachers (%) 93 93
Private school teachers (%) 7 7
Minority students in school (%)
M 20 21
D 27 28
Minimum 0 0
Maximum 100 100
School climate
M 3.15 2.96
D 0.63 0.60
Minimum 1.00 1.00
Maximum 4.00 5.00

teachers about the extent to which teachersintheir particular school contrib-
uted to school curriculum decisions; shared ideas, materials, and instruc-
tional strategies; and felt supported by their principal. We believe that teach-
ers in more empowered environments would be more likely to adopt
inquiry-basedinstructional practices. The Cronbach’ salphareliability of this
construct was . 70.

Analytic Srategy

To assess the impact of Discovery, we investigated whether individual
teacher’ sattitudes, preparation, and practice changed over a4-year time span
using hierarchical linear modeling (HLM). Most professional development
impact studies, even if they are longitudinal in design, only examine out-
comesover afew months. In addition, most longitudinal studiesemploy only
a pretest/posttest design. The limitations of measuring individual change
using this approach have been well documented (Willett, 1994). First, apre-
test/posttest design does what it is supposed to do poorly. A preworkshop
assessment can only control for initia differences among the teachersimper-
fectly, thereby leading to biased parameter estimates (Rogosa, Brandt, &
Zimowski, 1982). An additional source of bias derives from the correlation
between the pre- workshop score and any unobserved influences on teaching
attitudes and behavior (Willett, 1994), such as the teacher’s instructional
level (i.e., elementary, middle, or high school), gender, or prior involvement
in other professional development activities. Thus, by only controlling for
differenceswith a preworkshop assessment, the measure of teacher develop-
ment probably reflects more teacher background characteristics than changes
in attitudes and teaching style.
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To avoid these problems, we looked at individual growth over time by
gathering as many as four measures of attitude, preparation, and practice.
Having multiplemeasures of each construct allowed usto estimateindividual
growth trajectories by using growth curve modeling. Growth curve modeling
isone of the most powerful methods for studying individual change because
it does not suffer from the limitati ons of the pre/post design, and it allowsfor
the estimation of variationin teachers' starting pointsand growth in attitudes,
preparation, and practices while controlling for important demographic dif-
ferencesamong theteachers (Rogosa & Saner, 1995). Additionally, agrowth
model hasthe advantage of being ableto predict individual growth ratesasa
function of personal and environmental characteristics, in which each char-
acteristic may predict growth differently depending onthe period of time. For
example, teachers with more experience may have a more advanced initial
starting point, but their experience may have no relationship to the rate at
which they grow.

The models we fit predicted measures of teacher attitudes, preparation,
and practice asafunction of both time and teacher and school characteristics
totest whether thetrajectoriesvary acrossteachers. For thisanalysis, we used
a two-level hierarchical model using the HLM/3L software of Bryk,
Raudenbush, and Congdon (1996). The HLM/3L software can include pre-
dictor variables associated with individual teachers and schools, and it can
incorporate variation occurring at morethan one period of timethat isdistinct
from measurement error variance.

Growth rates were not anticipated to be constant between the
preworkshop survey and the fourth administration of the survey. The reform
indicators were expected to grow at a faster rate just after the professional
development experience (during the 1st year of participation) and then slow
down or even reverse (i.e., become negative) in subsequent years. Explor-
atory analyses confirmed that this was the case and, consequently, the level
one model was specified to permit the estimation of two separate growth
rates. Thisiscommonly referred to asa piecewise growth model (seeBryk &
Raudenbush, 1992; Seltzer, Frank, & Bryk, 1994).

RESULTS

Theoverall picturethat emergesfrom modeling science and mathematics
teachers' growthintheir attitudes, preparation, and inquiry-based practiceis
one of short-term growth and long-term stability. The attitudes, preparation,
and practice of both science and mathematics teachers showed substantial
and statistically significant gains from before their summer professional
development to the following spring. These gains ranged from one half to a
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full standard deviation in magnitude. In the second time period, from the end
of the 1st year to the end of the 3rd year, teachers exhibited either dlight
growth or decline, on average, but these were generally not statistically sig-
nificant changes. The following sections discuss the findings of the science
and mathematics modelsin greater detail.

Table 4 showsthe coefficientsfor the parameters used to predict teachers
growth in science and mathematics attitudes, preparation, and practice. The
first set of coefficients is used to predict the initial status of teachers' atti-
tudes, preparation, and practice before the professional development activi-
ties. The second set of coefficients predicts teachers growth in attitudes,
preparation, and practice 1 year after the professional development. Thethird
set of coefficients predicts teachers' growth in attitudes, preparation, and
practice up to 3 years later.

Preprofessional Development

The intercepts at initial status are negative simply because, on average,
teachers started significantly below average (i.e., average for the duration of
the study) on the measures of attitudes, preparation, and practice relative to
where they ended up 4 years later. Thiswas not surprising given the 4-year
time period measured in this study. Interestingly, there was no significant
relationship between aschool’ s climate and teachers' initial attitudestoward
inquiry. But teachers at school swith stronger reform climatestended to have
higher initial preparation for inquiry and started their professional develop-
ment using inquiry-based teaching practices with greater frequency. Surpris-
ingly, teachersat school swith higher proportionsof minority studentstended
to have higher levels of initial preparation for inquiry-based science. There
wereno differencesin theinitial statuses of public school teachers compared
with private school teachers.

Several individual teacher characteristics were significant predictors of
teachers' initial attitudes, preparation, and practicein both science and math-
ematics. First, teachers' prior professional involvement was a strong predic-
tor of their initial attitudes, preparation, and practice; in other words, teachers
with more professional involvement tended to have higher level s of attitudes,
preparation, and inquiry-based instructional practices than those with less
involvement. Second, teaching experience was not associated with teachers
attitudes toward inquiry-based science or mathematics or their use of inquiry-
based teaching practices. In fact, teachers with more years of experience
tended to feel less prepared to use both inquiry-based science and mathemat-
ics instructional practices initially than did teachers with less experience;
every additional year of teaching experience was associated with approxi-
mately onetenth of astandard deviation smaller initial preparationlevel. This



Table 4
Coefficients for Individual and School Characteristics in Two-Piece Growth Models of Teachers’ Attitudes and
Preparation to Use Science and Mathematics Reform and Use of Mathematics Reform Teaching Practices

Science Mathematics
Attitudes Preparation Practice Attitudes Preparation Practice
Initial status
Intercept — 444w —.681F*** —.596%*** —.630%** —.390%* —.527%*
School climate .010 347 341wk .044 K R 315
Percentage of minority students in school -.073 A20%H% —.047 —-.059 ASTEEE —-.268*
Public school teacher —-113 213% .044 .168 -.076 .116
Teacher involvement in reform 130%FEE 103%xE 108**** 1 82%xE A22%%%% 190%***
Years of teaching experience -.002 —.011%** —-.001 .003 —.014%*% .006
Female teacher BT THEEE .019 236%** 274%%% -.020 .081
Elementary school teacher 218%** .051 220%** .014 .095 .013
High school teacher —.210%** —.230%** —.344x%%% —.256%* —.166% —-.128
African American teacher —-.168 A406%* 384 —.347%* 318%* .146
Growth to 1 year

Intercept .504#%% T3 EEEE 1.017*%** SOT7HFREE 658 HHE S5
School climate .017 —.202%%* —. 225k —-.054 -112 —240%%*
Percentage of minority students in school —-.037 —.348%* .021 233 -.252 .063
Public school teacher .035 159 —.233* -.018 116 151
Years of teaching experience .001 .008* .001 —-.001 .009* -.003
Female teacher .063 132 .078 .190%* 218%* .109
Elementary school teacher .028 114 —-.005 162 .002 -.079
High school teacher —-.094 .071 .055 -125 134 -.034
African American teacher .057 —.646%** —.390%* -.203 —-.163 -242
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Growth from 1 to 3 years
Intercept
School climate
Percentage of minority students in school
Public school teacher
Years of teaching experience
Female teacher
Elementary school teacher
High school teacher
African American teacher

-.129
—-122
.047
243
-.001
-.061
.013
215%
-.031

120
028
.060
—-241
—-.006
.090
.033
150
.610%*

—.324%%
—-.042
—-.087
.198
—-.002
123
—-.125
—-.026
.060

—158
052
085
116

—-.005

—.048
023
019
495%

-.020
-.025

244

125
-.001
—-.059
—-.003
-.033
—-.233

270
—-.008
331
—-.115
—-.002
-159
.094
.001
—-.091

*p <.10. ¥¥p < .05. ¥**p < .01. ¥*#%p < .001.
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suggests that more experienced teachers tend to feel less comfortable with
more reform-oriented teaching practices.

Third, female teachers had significantly more positive attitudes toward
inquiry-based science and mathematics teaching than did male teachers.
Female teachers used inquiry-based teaching practices more frequently in
science (but not in mathematics) than their male counterparts. Fourth, ele-
mentary school teachers of science had more positive starting attitudes and
higher levels of practice than did middle school teachers (the omitted and
therefore referent group); both elementary and middle school teachers had
higher initial values of attitudes, preparation, and practice than did high
school teachers. There were no differences between elementary and middle
school teachers of mathematics.

Finally, African American teachers of science, who represented 7% of the
sampleof teachers, had higher level sof preparation for inquiry-based science
teaching and used inquiry-based science instructional practiceswith greater
frequency than did White teachers. African American teachers of mathemat-
ics had approximately one third of a standard deviation lower attitudes than
did Whiteteachers, but approximately onethird of astandard deviation stron-
ger initia preparation for reform than did White teachers.

Growth to 1 Year

Even after controlling for the differences in initial status, teachers’ atti-
tudes, preparation, and practicesstrongly increased after their involvementin
both Discovery’ s science and mathematics professional development. At the
end of the first growth period, teachers' attitudes, preparation, and use of
inquiry-based instructional practices in science and mathematics grew by
one half to afull standard deviation, on average.

By and large, the characteristics of theteachers and their schoolswere not
related to their growth rates. Growth did not differ significantly for teachers
in public versus private schools, for teachers with different level s of teaching
experience, or for elementary, middle, or high school teachers. Teachersin
schoolswith high minority popul ations also grew similarly to teachersin low
minority population schools (except for feelings of science preparation).
Although they started at a higher point in terms of practice, teachers who
worked in schoolswith amorereform-oriented climate tended to have slower
growth in teaching practicein thefirst time period than teacherswho worked
in schools with more traditional climates. This could be due to their higher
initial scores on these dimensions.

Finally, in the first growth period, the preparation of African American
teachers of science grew at aslower rate compared with their White counter-
parts. Infact, after the 1st year, the preparation of African American teachers
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had grown hardly at all, just eight hundredths of one standard deviation. Like-
wise, African American teachers reported that they changed their teaching
practice at a slower rate than did White teachers, with African American
teachers' teaching practices changing four tenths of astandard deviation less
than their White counterparts. In mathematics, there were no differences
between the growth patterns of different ethnic groups.

Growth From 1 to 3 Years

In the second time period, from afull year after the professional develop-
ment to up to 3yearsafterwards, gainsinteachers’ attitudes, preparation, and
teaching practice were sustained. In other words, teachers’ growth patterns
flattened out, neither increasing nor decreasing. This can be seen by viewing
the coefficients at the intercept of the second time period; there are
nonsignificant dipsin teachers' attitudes toward inquiry and preparation for
inquiry, and thereisasmall but not significant gainininquiry-based teaching
practice. The exception wasteacherswho received professional development
in science who reported significant (approximately one third of a standard
deviation) declines in their inquiry-based teaching practices. This decline
must be tempered by the recognition that science teaching practices showed
the largest gain after the first time period.

Interestingly, after starting at an initially lower level of use of inquiry-
based teaching practices, teachers in high minority schools tended to grow
faster intheir use of inquiry-based teaching practicesthan teachersin schools
with fewer minorities. This suggests that changes in inquiry-based teaching
practice take longer to occur in schools with higher proportions of minority
studentsbut follow the same general growth pattern. Finally, the slow growth
of African American teachers' preparation for inquiry-based science teach-
ing after the first time period can be viewed as alag effect because African
Americanteachers preparationfor inquiry grew significantly faster than that
of White teachers in the second time period.

Figure 1 shows three panels for each subject that graphically depict the
average teacher’s change over time in his or her attitudes toward inquiry,
preparation to use inquiry, and use of inquiry-based instructional practices.
The graphs show the predicted valuesfor White female middle school teach-
ers with average involvement in reform and average teaching experience in
school swith the average percentage of minority students and average school
climates.

Two things stand out in these graphs. First is the positive and significant
slopeinthegrowth curvesfrom before participating in Discovery until 1 year
after participating. This shows the large positive gains that teachers madein
all three areas during the time of the professional development experience.
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Second, these gainsare sustained; from 1 to 3 yearsafter their training, teach-
ers continue to exhibit the same high levels of attitudes, preparation, and,
most important, practice. Only the measure of teachers' attitudes declines,
but the net effect is still again of two thirds of a standard deviation.

IMPLICATIONS

Together, the analyses of Ohio science and mathematicsteachers provide
evidencethat suggeststhat Discovery’ sprofessional development inthe con-
text of Ohio’ sstatewide systemicreforminitiativemay beassociated with the
widespread use of the inquiry-based instructional approach in the middle
gradesin the state. Teachersin both disciplines who participated in Discov-
ery’ sintensive professional development showed substantial and statistically
significant growth from before their training to ayear later in their attitudes
toward inquiry, their preparation to use inquiry-based pedagogy, and their
actual use of inquiry-based teaching practices. Equally important, teachers
growth in these three areas was sustained during the 3 years following their
professional development experience. Furthermore, Ohio's professional
development appeared to have asimilar impact on all teachers, regardless of
theirindividual or school characteristics. The growth patternsgenerally were
uniform acrossteachers of different genders, ethnic groups, gradelevels, and
school types (public vs. private).

Thetwo variables that can be viewed as indicators of systemic reform—
school climate and teachers involvement in other professional teaching
activities—yielded important clues about the environment within which reform
was undertaken. Notably, school climate was influential in teachers' initial
feelings of preparation to conduct inquiry and their actual use of inquiry-
based teaching practices but not on their attitudes toward inquiry. However,
the impact of school climate on preparation and teaching practice seemed to
even out over time. Thisindicates two things. First, that teachers held their
attitudes regardless of school context. Second, that school environment fac-
tors had a powerful influence on teachers' initial feelings of empowerment
but that climate became less of an influence over time. We hypothesize from
this that both the sustained nature of Discovery’s professional development
and the systemic support structures woven through it helped teachers over-
come the particularities of their school’s climate.

Another important finding related to the role of a systemic context isthat
teacherswith prior involvement in professional teaching activitiesassociated
with systemic reform (attending association meetings, serving on curriculum
or textbook committees, etc.) tended to exhibit higher initial attitudes, prepa-
ration, and practices. It is a weakness of our study that we measured pro-
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fessional involvement only at the initial status point and, therefore, were
unable to model itsinfluence over time. Further analyses should explore the
different facets of systemic support in greater depth, allowing for finer-tuned
distinctions and a better understanding of interactions between them.

In Getting to Scale With Good Educational Practice (1996), Harvard's
Richard Elmore argued that “innovations that require large changes in the
core of educational practice seldom penetrate more than a small fraction of
U.S. schools and classrooms, and seldom last for very long when they do”
(pp. 1-2). EImore defined core of educational practice as the fundamental
relationships between knowledge, teachers, and students. Inquiry-based
instruction attempts to alter this core. From Elmore’s perspective, both the
Progressivereform movement of the 1920sand the curriculum reform move-
ment of the 1950s were attempts at large-scale reform that failed.

Results from this study indicate that systemic reform sites of the 1990s
that employ intensive professional development programslikethose usedin
Ohio may have a different fate. Why may the third time be more charmed?
Wheat distinguishes the systemic reform movement from its predecessorsin
the 1920s and 1950s? Three factors may be contributing to differencesin
these efforts.

First, the systemic reform movement seemsto have learned some impor-
tant lessons from its antecedents about what comprises high-quality profes-
sional development: content-rich, intensive, sustained experiences that
explicitly model the forms of teaching they intend participants to emulate.
Additionally, the mantra of high standards has offset potentially weakening
chargesthat the curriculumisbeing dumbed-down and simultaneous empha-
seson equity hashel ped keep thereformsaway from the equity or excellence
pendulum that seems to sweep the country every decade or so. Finally, the
forefront emphasis on high-quality professional devel opment, with standards-
based curriculain the background, has hel ped to avoid the teacher-proof cur-
riculaproblemsthat beset thelarge-scal e curriculum devel opment projects of
the 1950s.

The second factor that may contributeto thismovement being more effec-
tiveisthefoundation of support provided by the standards movement. Stan-
dards, implemented through both federal legislation (e.g., Goals2000 and the
reauthorization of the Elementary and Secondary Education Act), and state
and national documents (e.g., professional, content, and performance stan-
dards) provide a shared vision of effective professional development of
teachers, instructional methods, and consciouslinksto other parts of the edu-
cation system (Loucks-Horsley, Stiles, & Hewson, 1996). Although severa
questionsremain asto how standardsat different level sinterplay (see Darling-
Hammond, 1994; Eisner, 1995) and how standards-based reforms are trans-
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latedintoreal policies(seeMassell, Kirst, & Hoppe, 1997), therecan belittle
doubt that standards are having a powerful influence on the thinking of edu-
cation reformers.

Third, the systemic reform model providesanimportant framework within
which professional development takesplace. Althoughtherearesevera strains
of systemic educational reform (see Vinovskis, 1996), the underlying con-
cept of systemic reform is to develop coherent educational policies through
coordinated governance structures that seek to align the various components
of the educational system (i.e., standards, assessments, curricula, profes-
sional development, etc.) to provide reinforcing and complementing policies.
Teacher learning is seen as a critical element of the implementation of sys-
temic educational policy (Fullan, 1991) and acentral component of systemic
school restructuring (EImore, Peterson, & McCarthey, 1996; Smylie, 1994).
In Ohio, the SSI was supported by both the Board of Regents and the Depart-
ment of Education, providing a coordinated governance system for the
reform. In addition, enhancing the content knowledge of teachers and their
skillsin teaching by inquiry were critical elementsin the Ohio reform. Fur-
thermore, systemic reform researchers argue that acomplement of top-down
and bottom-up implementation methods limit the weaknesses of either a
solely mandated or grassroots approach (Shields, Marsh, & Adelman, 1998).
Ohio’sregional infrastructure, coordinated from a central Discovery office,
combined thesetwo el ementseffectively. Regional councilshad autonomy in
selecting the academi ¢ | eadership teamsand in deciding how to allocatetheir
funds. However, the type and length of professional development experi-
ences, which evolved during thereform, were standardized acrossthe state.

Despitethese strengths, several questionsremain to be addressed beforeit
can be concluded that inquiry-based professional development, supported by
standards-driven systemic reform, isthe key element to changing the core of
learning. One crucial question iswhether inquiry-based instruction leads to
gainsin student learning. To answer this question, Discovery developed its
own test and, using matched samples of Discovery and non-Discovery teach-
ers, demonstrated a significant rel ationship between student performance on
the test and teacher participation in the project’s professional development.
As the project progressed (Discovery continues to be funded by the Ohio
General Assembly and isin its 9th year), Discovery has been able to assess
changesin passing rates on Ohio’ s high-stakesproficiency testsin mathemat-
icsand science for students of Discovery and non-Discovery teachers. Pass-
ing rates on the proficiency tests in urban districts show more positive gains
for students whose teachers have participated in Discovery compared with
students of non-Discovery teachers. These results suggest that intensive pro-
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fessional development within a systemic framework can translate into stu-
dent gains.

Another critical question surroundsthe necessary intensity of training for
different populations of teachers. Our analysis focused on an intensive,
6-week professiona development model that was provided to about onefifth
of the middle school teachersin Ohio who volunteered to participate. Isthis
concentration of training sustainable asit is scaled up throughout a system?
Would similar impacts be seen with less intensive programs? Would the
effects be the same for those teachers more reticent to volunteer? What are
the optimal levels of professional development for teachers with different
backgrounds, at different grade levels, and from different contexts?

Inthe 3rd year of its 5-year SSI grant, Discovery introduced several other
types of professional development experiences. The 6-week institutes were
trialed astwo 3-week sessions (over 2 years) and as a4-week institute. Fur-
thermore, 40-hour-long workshopsthat weretaught by Discovery teachersin
their local districts were used to attract other teachers. In addition, because
Discovery did not develop or provide curriculum materials, 2-week insti-
tutes, devel oped and taught by national curriculum groups, were introduced
at the district level. Data concerning these alternative experiences have been
collected as part of Discovery’ songoing assessment, but the results have not
been analyzed.

Further explorations of the datafrom Ohio’s SSI and other inquiry-based
professional development programs would help to provide further evidence
about the link between inquiry-based instructional practice and student
achievement and help to tease out the effects of different intensities of train-
ing. But the findings of this study provide a promising indication that large-
scale, high-quality, inquiry-based professional development set withinacon-
text of standards-based systemic reform can be a powerful mechanism for
sustained and positive impact on teachers’ attitudes, preparation, and teach-
ing practices.

APPENDIX
Survey Questions and Scales Used to
Create Mathematics and Science Composites

Thefollowing survey questions were used to create a composite of teachers’ atti-
tudes toward inquiry-based mathematics or science practice. All questionswereon a
5-point scale ranging from strongly disagree to strongly agree; (m) or (s) signifies
whether thisitem was used in a mathematics and/or science composite.

1. | enjoy teaching mathematics/science (m/s).
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| organize my curriculum around the textbook (responses reversed) (m/s).
Teachers should know the answers to most questions students ask about mathe-
matics/science (responses reversed) (m/s).

Students should never leave mathematics/science class feeling confused or stuck
(responses reversed) (m/s).

An important issue is not whether students' answers to any mathematics/science
question is correct but whether students can explain their answer (m/s).

Some people are good at mathematics/science and some just are not (responses
reversed) (m/s).

Good mathematics/science teachers show students the correct way to answer
questions they will be tested on (responses reversed) (m/s).

In learning mathematics, students must master topics and skills at each level
before going on to higher level tasks (responses reversed) (m).

The more mathematics “drill” problems students work on in a class period, the
more they will learn (responses reversed) (m).

Thefollowing survey questionswere used to create acomposite of teachers’ useof

inquiry-based mathematics or scienceinstructional practices. All questionswereona
5-point scal eranging from not well preparedto very well prepared; (m) or (s) signifies
whether thisitem was used in a mathematics and/or science composite.

1.

[

11.
12.
13.
14.

COV®®NO U ~WN

How well prepared do you feel to do each of the following?

Manage a class of students who are using hands-on/manipulative materials
(m/s).

Use cooperative learning groups (m/s).

Implement inquiry or discovery learning (m/s).

Present the applications of mathematics/science concepts (m/s).

Phrase questions to encourage more open-ended investigations (m/s).

Use computers as an integral part of mathematics/science instruction (n/s).
Use calculators as an integral part of instruction (m).

Teach groups that are heterogeneous in ability (m/s).

Encourage participation of females in mathematics/science (m/s).
Encourage the participation of underrepresented minoritiesin mathematics/sci-
ence (m/s).

Inform students of career opportunitiesin mathematics/science (m/s).

Use performance-based assessment (m/s).

Use portfolios to assess student progress (m/s).

Involve parents in the mathematics/science education of their children (m/s).

Thefollowing survey questionswere used to create acomposite of teachers’ useof

inquiry-based mathematics or scienceinstructional practices. All questionswereona
5-point scale ranging from never, once or twice a semester, once or twice a month,
onceor twiceaweek, to almost daily; (m) or (s) signifieswhether thisitemwasusedin
amathematics and/or science composite.
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Work in pairgteams/small groups (m/s).

Participate in a dialogue with the teacher to develop an idea (m/s).

Make conjectures and explore possible methods to solve a problem (m/s).
Do hands-on/manipulative activities (m/s).

Write their reasoning about how to solve a problem (m/s).

Work in class on a project that takes a week or more (m/s).

Use a computer (m/s).

Learn by inquiry (m/s).

Engage in reflective thinking/writing about what they learned (m/s).
Participate in science-related debate, role-play, or simulation (s).

Use calculators to explore problems (m).

Use calculators to do computations (m).

Use calculators to develop an understanding of mathematical concepts (m).

POONO O A~WLN R
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NOTES

1. Despite two mailings at the end of the third and fourth time periods to increase response
rates, theserateswerestill fairly low, whichisnot surprising giventhat they wereadministered 2
and 3yearsafter theteachers' summer professional development experience. However, wewere
concerned asto whether thelower responseratesat Times 3 and 4 would invalidate our ability to
generalize these data to the population of participants. To test for nonresponse bias, we con-
ducted a series of t tests, comparing the demographic (gender, ethnicity, school level, years of
experience, and professional involvement) and school characteristics (public/private, percent-
age of minority students, school climate) of respondentsat Times 3 and 4 to their initial popula-
tions. For the science teachers, there were no differences between Times 1 and 3 on any dimen-
sion. At Time 4, there was a different ethnic composition compared to Time 1 (a smaller
proportion of African American respondents) and the teachers reported coming from schools
with dlightly better climates. Other than thesefew differences, therewasno other evidenceof dif-
ferences between science respondents and nonrespondents. For the mathematicsteachers, there
wasonly one significant difference. At both Times 3 and 4, the respondents were slightly older
(41to 37 years, on average) than those at Time 1. However, the mathemati cs respondentsdid not
differ from their counterparts on other background and school characteristics. Therefore, we
decided to pursue the analyses for all four time periods.

2. Of the 781 science teachers and 694 mathematics teachers who completed surveys,
approximately 10% either did not give their identification number, whichisrequired for match-
ing responses|ongitudinaly, or their identification numberswere not accurately scanned. These
teachers were dropped from the analysis. All subsequent data are reported for the 701 science
teachers and 603 mathemati csteachers for which we have identification numbers. Comparisons
of those teachers retained and those dropped revealed few differences.

3. The number of Hispanic and Asian teachers who participated in the professional devel op-
ment was so small that they were omitted from the sample for the purposes of this analysis.

REFERENCES

Arons, A. B. (1989). What science should weteach?IntheBiological Science Curriculum Study
(Ed.), ABSCSthirtieth anniversary symposium: Curriculum devel opment for the year 2000
(pp. 13-20). Colorado Springs, CO: BSCS.



JONATHAN A. SUPOVITZ et al. 355

Atwater, M. M. (1994). Research on cultural diversity in the classroom. In D. L. Gabel (Ed.),
Handbook of research on science teaching and learning (pp. 558-576). New York:
Macmillan.

Bryk, A. S., & Raudenbush, S. W. (1992). Hierarchical linear models: Applications and data
analysis methods. Newbury Park, CA: Sage.

Bryk, A. S., Raudenbush, S. W., & Congdon, R. T. (1996). Hierarchical linear and nonlinear
modeling with HLM/2L and HLM/3L programs. Chicago: Scientific Software|nternational .

Burstein, L., McDonnell, L. M., VanWinkle, J., Ormseth, T., Mirocha, J., & Guitton, G. (1995).
Validating national curriculumindicators. SantaMonica, CA: RAND.

Bybee, R. W. (1993). Reforming science education: Social perspectives and personal reflec-
tions. New Y ork: Teachers College Press.

Corcoran, T. B., Shields, P. M., & Zucker, A. A. (1998). The SSIsand professional development
for teachers. Menlo Park, CA: SRI International.

Cremin, L. (1961). The transformation of the American school. New York: Knopf.

Cuban, L. (1984). How teachers taught: Constancy and change in American classrooms,
1890-1980. New York: Longman.

Darling-Hammond, L. (1994). National standards and assessments: Will they improve educa-
tion? American Journal of Education, 102, 478-510.

Dewey J. (1915). Schools of to-morrow. New York: E. P. Dutton.

Dow, P. (1991). Schoolhouse politics: Lessons from the Soutnik era. Cambridge, MA: Harvard
University Press.

Eisner, E. W. (1995). Standards for American schools: Help or hindrance? Phi Delta Kappan,
76(10), 758-764.

Elmore, R. F. (1993). The development and implementation of large-scale curriculumreforms.
Cambridge, MA: Harvard Graduate School of Education. Center for Policy Research in
Education.

Elmore, R. F. (1996). Getting to scale with good educational practice. Harvard Educational
Review, 66(1), 1-25.

Elmore, R. ., Peterson, P. L., & McCarthey, S. J. (1996). Restructuring theclassroom: Teaching,
learning, and school organization. San Francisco: Jossey-Bass.

Fennema, E. (1990). Teachers' beliefsand gender differencesin mathematics. In E. Fennema &
G. C. Leder (Eds.), Mathematics and gender (pp. 169-187). New York: Teachers College
Press.

Fullan, M. (1991). The new meaning of educational change. New York: TeachersCollegePress.

Grobman, A. (1969). The changing classroom: The role of the biological sciences curriculum
study. New York: Doubleday.

Kahle, J. B. (1996). Opportunities and obstacles: Science education in the schools. In C. S.
Davis, A. Ginorio, C. Hollenshead, B. Lazarus, & P. Rayman (Eds.), The equity equation:
Fostering the advancement of women in the sciences, mathematics, and engineering
(pp. 57-95). San Francisco: Jossey-Bass.

Loucks-Hordey, S., Stiles, K., & Hewson, P. (1996). Principles of effective professional devel-
opment for mathematics and science education: A synthesis of standards. Madison, WI:
National Institute for Science Education.

Marder, C. (1996, July). Evaluation of NSF's Satewide Systemic Initiatives (S3) program:
Compilation of state data from the annual report to NSD: SS Program, 1995. Menlo Park,
CA: SRI International .

Massell, D., Kirst, M., & Hoppe, P. (1997). Persistence and change: Standards-based systemic
reform in nine states. Philadelphia: University of Pennsylvania, Consortium for Policy
Research in Education.



356 EDUCATIONAL POLICY /July 2000

Mayer, D. (1999). Measuring instructional practice: Can policymakerstrust survey data? Educa-
tional Evaluation and Policy Analysis, 21(2), 29-45.

McDermott, L. C. (1996). Physics by inquiry (2 Vols.). New York: John Wiley.

National Council of Teachersof Mathematics. (1989). Curriculumand eval uation standardsfor
school mathematics. Reston, VA: Author.

National Council of Teachers of Mathematics. (1991). Professional standards for teaching
mathematics. Reston, VA: Author.

National Research Council (1996). National science education standards. Washington, DC:
National Academy Press.

Porter, A. C., Kirst, M. W., Osthoff, E. J., Smithson, J. L., & Schneider, S. A. (1993). Reformup
close: Ananalysis of high school mathematicsand science classrooms. M adison: Wisconsin
Center for Educationa Research.

Rogosa, D., & Saner, H. (1995). Longitudinal data analysis examples with random coefficient
models. Journal of Educational and Behavioral Satistics, 20(2), 149-170.

Rogosa, D. R., Brandt, D., & Zimowski, M. (1982). A growth curve approach to the measure-
ment of change. Psychological Bulletin, 90, 726-748.

Seltzer, M. H., Frank, K. A., & Bryk, A. S. (1994). The metric matters: The sensitivity of conclu-
sions about growth in student achievement to choice of metric. Educational Evaluation and
Policy Analysis, 16(1), 41-49.

Shields, P. M., Marsh, J., & Adelman, N. E. (1998). The S3's impacts on classroom practice.
Menlo Park, CA: SRI International.

Smylie, M. A. (1994). Redesigning teachers’ work: Connections to the classroom. Review of
Research in Education, 20, 129-177.

Vinovskis, M. A. (1996). An analysis of the concept and uses of systemic educational reform.
American Educational Research Journal, 33(1), 53-85.

Weiss, |. R., Matti, M. C., & Smith, P. S. (1994). Report of the 1993 National Survey of Science
and Mathematics Education. Chapel Hill, NC: Horizon Research.

Willett, J. B. (1994). Measuring change more effectively by modeling individual change over
time. InT. Husen & T. N. Postlethwaite (Eds.), Theinternational encyclopedia of education
(2nd ed.). Oxford, UK: Pergamon.

Zucker, A. A., Shields, P. M., Adelman, N., & Powell, J. (1995). Eval uation of the National Sci-
ence Foundation’ s Satewide Systemic I nitiatives (S3) program: Second-year report. Part|:
Cross-cutting themes (SRI Project 3612). Menlo Park, CA: SRI International .



