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The professiona development of science teachers is regarded as a cornerstone for the
implementation of standards-based teaching and learning practices (Committee on Science and
Mathematics Teacher Preparation, 2001). At the heart of the science education standards
(American Association for the Advancement of Science, 1993; National Research Council,
1996) is an inquiry-oriented approach to teaching and learning that is linked to pedagogical
practices such as constructivism (Von Glasersfeld, 1989) and project-based learning (Blumenfeld
et a., 1991) that stress the existing capabilities of teachers. These approaches are widely
recognized as challenging for teachersto learn to use in the classroom, because they involve
changes in classroom management strategies, the organization of knowledge, and assessment, to
name just afew areas of difficulty. Coupled to thisisthe demand that science teachers be
masters of science content. Ininquiry-oriented teaching it is often necessary for teachers
subject matter knowledge to be deeper and broader than in traditional recitation teaching, in
order to accommodate students’ questions and investigations. School systems are under
increasing pressure to implement standards-based science programs, and these pressures are
trandlated to teachers in the form of new accountability measures such as standardized tests.
There has never been amore critical need for high quality professional development of science
teachers.

Y et in the face of these pressures, report after report depicts the state of teacher professional
development as deficient, particularly where science and technology is concerned (e.g., CEO
Forum on Education and Technology, 1999; Education Week, 1997). Many times the deficiency
isreported in terms of quantity (e.g., not enough hours of professional development), but the
quality of professional development isamore important issue. In fact, though the number of
professional development opportunities for teachers has increased during the past five years,
there has been little concurrent growth in collective understanding about what makes for
successful professional development, or what teachers learn from professional development
(Wilson & Berne, 1999). We believe that a central weakness of current professional
development effortsis that they are not founded upon an empirical knowledge base that links
different forms of professional development to either teacher or student learning outcomes.

The lack of focus on professional development as an areafor empirical research is especially
evident in the domain of science. Although practically every new program or innovation in
science education has associated professional development opportunities, there has not been
much systematic study of these opportunities (Marx, Freeman, Krgjcik, & Blumenfeld, 1997);
they are simply treated as necessary but ancillary components of the innovation. To compound
this problem, where good research on professiona development has been conducted (e.g.,
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Carpenter, Fennema, & Franke, 1996; Marx, Freeman et a., 1997), it has focused on groups of
volunteer teachers who are, more often than not, motivated to change or try something new
(Supovitz & Zeif, 2000). Itisasyet unclear what the implications of this focus on motivated
volunteers are for our understanding of professional development, but we argue that the
differences are sufficient to warrant investigation (Bobrowsky, Marx, & Fishman, 2001). We are
not aware of similar professional development research conducted in settings that we call
“gystemic,” where change isimplemented on a broad scale and teachers are, for the most part,
not highly motivated. This latter situation is ultimately of greater practical importance to the
general cause of reform.

In this paper we explore aframework for conducting research on teacher learning from
professional development in systemic reform. Using amodel of teacher learning we introduced
at NARST 2000 (Fishman, Best, Foster, & Marx, 2000), we present data on teacher engagement
with two different professional development activities that combine various design el ements and
also present data on the relationship between their engagement and subsequent changes in both
teacher practice and student achievement. The chain of argument and evidence that we use to
support our design decisions for professional development is significant for the way it seeks
information from multiple points in the life cycle of teacher learning. We begin with the science
content standards, in order to understand what students should know. We next seek evidence of
student performance to understand where deficiencies might be present. We design professional
development activities to help teachers teach to those areas of need. We evaluate teacher
response to professional development. We observe classroom enactment subsequent to
professional development. We re-evaluate student performance on the area of need. Finaly, we
engage in continuous re-design, seeking ever-higher levels of learning.

It must be noted that we are explicitly not promoting or validating a particular model of
professional development. Instead, our aim isto present evidence for the value of adesign
approach (Simon, 1996) to studying professional development similar to that advocated for the
study of classroom-based innovations (Brown, 1992; Collins, 1990). We arguethat it is essential
to gather evidence from a broad spectrum of sources related to teacher learning, classroom
enactment, and student learning in order to understand the impact of various professional
development designs so that informed decisions can be made about how best to achieve the
vision of the new science education standards. We present these data on teacher learning from
professional development in systemic reform by drawing on our own work with urban middle-
grades teachersin Detroit learning to use new standards-based curriculum materials in science.
We will describe this setting more fully in the methods section below.

OUR MODEL OF TEACHER LEARNING

We maintain that professional development should fundamentally be about teacher learning:
changes in the knowledge, beliefs, and attitudes that teachers possess that lead to the acquisition
of new skills, new concepts, and new processes related to the work of teaching. Ironicaly,
teacher learning may be the most difficult thing to measure in professional development. End-
of-workshop eval uations are commonplace, but they represent measures of teacher attitudes, not
knowledge (thisis why they are frequently and derisively referred to as “ opinionnaires’). As
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Fenstermacher (1994) has pointed out, reports of what teachers believe or reflect on may or may
not be knowledge. To measure knowledge would require something that |ooks much like atest,
whether it is administered on paper or given in the form of a structured interview, and this would
likely only represent one aspect of the teacher’ s knowledge, specifically content knowledge.
Pedagogical knowledge of any sort would be difficult to measure or evaluate without direct
classroom observation.

We set out to develop amodel of teacher learning that would serve as a guide to understanding
what teachers learn as a function of professional development. To do this, we followed
Richardson (1996), who states that a chief objective of professional development should be to
foster changes in teachers’ knowledge, beliefs, and attitudes, because these components of
teacher cognition show a strong correlation to teachers' classroom practices. We have devel oped
amodel for teacher learning in this research that has teacher knowledge, beliefs, and attitudes
(K/B/A) in an interactive relationship with the interpretation of student change or learning as
represented by various forms of assessment, and through the practical experiences of classroom
enactment. Thismodel is represented graphically in Figure 1. In the paragraphs that follow, we
will expand briefly on each of its components.
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Figure 1. Model of design approach to professional development.

Knowledge, Beliefs, and Attitudes (K/B/A) and Enactment

We choose to represent teachers’ K/B/A in seven categories. Content knowledge (CK),
pedagogica knowledge (PK), and pedagogica content knowledge (PCK) (Shulman, 1986,
1987); beliefs about self-efficacy as a science teacher and as a member of a broader scientific
community (Dwyer, Ringstaff, & Sandholtz, 1991); attitudes towards technology (Czerniak,
Haney, Lumpe, & Beck, 1998); and beliefs about system norms and contextual issues that
impinge on innovation (Cohen, 1987). K/BJ/A is predicted to directly influence classroom
enactment of curricula with technology, but enactment will interactively and reciprocally affect
K/B/A (Richardson, 1996), through a process that will be described in the following sections.
Both measurement of K/B/A and observations of teachers enactment form a feedback
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mechanism to inform the re-design of professional development activities to foster greater
change among teachers participating in our program.

Curriculum

Curriculum is represented within its own box because it both shapes our professiona
development and is shaped by the results of professional development. We design curriculum,
and that forms the core of the innovation that we help teachers to learn to enact through
professional development. Our notion of what is appropriate for inclusion in curriculum is
shaped by a combination of factors, such as state and district standards, but also by the
capabilities of the teachers to enact the curriculum (as evidenced by “enactment” in our model)
and by the performance of the students (“evidence of student performance”’). Curriculum
therefore plays a significant role in our overall model.

Professional Development Design Elements

The goal of any professional development activity focusing on content learning is to prepare
teachers to enact the curriculum appropriately for itsdesign in their classrooms. At the heart of
this activity is, of course, teacher learning related to both preparation for instruction and the
instructional activitiesthemselves. What istaught or learned by teachers in the context of
professional development isthe “content” of teacher professional development. Teacher
learning of content is facilitated by arange of strategies for professional development, which are
conducted through various mediathat are part of the different sites for learning that comprise a
professional development program. Any given professional development activity uses
components from each of these elements. For example, an activity held during a Saturday
workshop which focused on assessing students’ written responses to a content question would
involve print resources and face-to-face discussion, and would address the fostering of discourse
and meaning making by students, as well as student knowledge of the content they were writing
about. Following our model in Figure 1, these elements are then combined in this activity to
focus on changing teachers K/B/A. Each of these components are inter-related in its
relationship to the content for professional learning as shown in Table 1 below.

These four elements (content, strategies, media, and sites) are elements that can be combined in
various ways to create professional development. The various possible combinations become the
design space for professional development, and this defines the range of possibilities which can
possibly be explored in the design research process. These designs are intended to address all of
the change mechanisms which impact teacher K/B/A and, in turn, enactment. Each teacher hasa
necessary threshold which must be achieved with respect to each of these change mechanisms
before the innovation will be attempted. The elements of the professional development are
intended to address these mechanisms, and recognize that the thresholds of each mechanism
change over time. Next, we will expand upon each of these different elements.
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Table 1. Design elements that comprise professional development programs (Note that lists are
meant to be suggestive, not exhaustive).

Content Strategies Media Sites
Content Knowledge (CK) Planning assistance Print Summer ingtitute
Pedagogical Content Tutoring Video Saturday workshops
Knowledge (PCK)

Pedagogical Knowledge Team/model teaching Computers (multimedia After-school study groups

(PK) and Internet)

Fostering meaning making  Examine student work Face to face discussion In-class support

for students

Contextualization Examine teacher practice Audio Visits to other classrooms

Fostering collaboration Examine teaching models Educative curriculum

Fostering discourse Creation of professional Graduate extension course
learning goals

Facilitating scientific Curriculum/software On-line support materials

processes review

Facilitating technology use  Enactment of curriculum
Peer information exchange

Content of Professional Learning

The content of professional learning (what teachers learn) can be divided into content teachers
need to understand in order to prepare for classroom instruction and content they must know that
actually comprises classroom instruction. Inthefirst category are: Strategies for planning; new
forms of student assessment; and subject matter knowledge that relates to teaching strategies
(PCK). In the second category are: Fostering meaning making for students; creating
opportunities for contextualization; fostering collaboration; fostering discourse; facilitating
scientific processes, including the use of tools, technologies, representations, and modeling; the
content of the curriculum; and basic pedagogical knowledge such as classroom management.

Strategies

Many of the strategies used to foster teacher learning follow from a strategic framework we use
to conceptualize our own professional development called CERA (Marx, Blumenfeld, Kragjcik, &
Soloway, 1997; Marx, Freeman et a., 1997). CERA stands for Collaborative construction of
understanding; Enactment of new practices in classrooms; Reflection on practice; and
Adaptation of materials and practices. CERA can provides a general backdrop for the
collaboration of school district personnel responsible for policy decisions which affect
professional development and other management issues, innovation designers, such as
curriculum developers (as is the case in our specific situation, described later), professiona
development specialists who will be designing and enacting professional learning activities, and
teachersinvolved in professional development. Specific strategies may vary considerably, but
tend to be centered on one or more aspects of CERA.

Sites For Professional Learning

A sitefor professional learning ssmply denotes the place or context in which teacher learning
may take place. Each of these sites draws upon the use of differing methods which fit the
context of the site and media which are bounded by the site. Likewise, content and change
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mechanisms addressed within each site of professional learning vary according to the situational
needs of the teachersinvolved. Traditional sites for professional learning include after-school in-
service sessions, summer workshops, graduate-level coursework affiliated with ateacher’s
interests, and the ever present teacher enactment of curriculum in the classroom, which forces
some level of learning from subsequent reflection and adaptation.

Media

The media through which professional development might be conducted are: Face-to-face
interaction; video; audio; computers (dynamic multimedia, including the Internet); or print.
These media might be combined in various ways; for instance, the Internet can be used to
combine print, video, and audio. Video can be used as part of face-to-face interaction. Media
are not as important as methods (c.f., Clark, 1983), but it is the case that certain media, such as
the Internet, might lend themselves less well to certain kinds of change mechanisms, such as
perceptions of feasibility.

METHODS

Setting and Context

The professiona development and teacher learning described in this paper was conducted within
the context of alarge-scale urban reform effort taken up jointly between our research group (the
Center for Highly Interactive Computing in Education) and the Detroit Public Schools. The
challenge was to take work that had successfully fostered learning in the context of a number of
smaller-scale design experiments and attempt to bring it to alarge-scale urban and systemic
context (Blumenfeld, Fishman, Krgjcik, Marx, & Soloway, 2000). Below we present an
abbreviated description of the components of our innovation, in order to provide a context for
understanding the discussion of professional development that followsin the results and
discussion sections, and how that work relates to systemic reform.

The Detroit Public Schoolsis alarge system serving about 165,000 students from a diverse urban
community and employing more than 10,000 teachers and other education professionals. Like
most large American cities, students often come from poor families (about half of Detroit’s
children and youth live in families that are at or below the poverty line), are largely minority, and
tend to be mobile. Dropout rates are high and students’ test scores are low compared with
performance of students across the state. The 25 schools that were involved in this work
represent the broad range of schools and neighborhoods in the city, ranging from inner city
schools serving communities with high poverty to schools in more suburban, affluent
communities. Across the district, 91% of the students are African American, 4% are Latino, and
4% are white, and 1% are Asian.

Curriculum and Pedagogy

Our work isrooted in inquiry pedagogy that is consistent with constructivist ideas (Blumenfeld
et al., 1991). The presumption isthat students need opportunitiesto construct knowledge by
solving real problems through asking and refining questions, designing and conducting
investigations, gathering, analyzing, and interpreting information and data, drawing conclusions,
and reporting findings. We refer to this process as project-based science (PBS; Blumenfeld et
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a., 1991; Kragjcik, Czerniak, & Berger, 1999). Together with Detroit, we have devel oped four
middle school science units: a sixth grade unit on mechanical advantage, seventh grade units on
air quality and water quality, and an eighth grade unit on force and motion (Singer, Marx,
Krgcik, & Clay-Chambers, 2000). Our eventual goal isto develop enough units to comprise an
entire middle school science sequence. Each unit is built upon national, state, and most
importantly, local district standards. Our curriculum units are designed to last between eight and
twelve weeks. Each includes. @) a driving question, encompassing worthwhile content that is
meaningful to students and anchored in areal-world problem; b) investigations and artifact
development that provide opportunities for students to learn concepts, apply information, and
represent knowledge around the driving question; ¢) collaboration among students, teachers, and
others in the community; and d) use of computational technological tools to promote inquiry. In
addition, the curriculum materials include benchmark |essons that help students learn difficult
concepts, illustrate important laboratory techniques, or develop investigation strategies (Krajcik
et a., 1999). Furthermore, the curriculum materials themselves are intended to be “educative”
for teachers (Ball & Cohen, 1996), hel ping to provide opportunities to learn about new teaching
practices, content and classroom enactment from the materials themselves.

Software Tools

In conjunction with PBS pedagogy, we have developed a set of computational tools to support
and scaffold inquiry based upon principles called learner centered design (LCD; Soloway,
Guzdial, & Hay, 1994). LCD isfounded on the ideathat learners are a unique class of computer
users, and thus require specia forms of support from software interfacesin order to complete
their tasks successfully. Furthermore, the tools can be used over and over again throughout a
student’ s academic career in different science classes. We developed a suite of computational
tools to enable sustained inquiry (Krajcik, Blumenfeld, Marx, & Soloway, 2000). Thesetools
support data collection, data visualization and analysis, dynamic modeling, planning, information
gathering from the UM digita library, the Internet and web publishing (Jackson, Stratford,
Krgcik, & Soloway, 1994). Some software, like Model-It, is designed for use at single
computers, which do not need to be networked. Others use the Internet, such as Artemis, which
isafront-end to adigital library tailored to young learners (Wallace, Kupperman, Krgcik, &
Soloway, 2000).

Participants
The teachers who participated in this work were faculty members at the schools that were

involved in the work of the Center for Learning Technologies in Urban Schools (LeTUS).
University researchers collaborated with senior district administrators in the selection of schools,
which were invited to participate based on several informal criteria. First, the district required
that the teachers had the capacity to engage in the professional development and innovative
instructional program. Our goal with this criterion was that we would not have alarge number of
teachers working out-of-field or who had skill deficiencies in fundamental areas of teaching.
Second, we wanted participating schools to have a sufficient computing infrastructure so
students would have access to technology when it was required in the curriculum. Third, there
needed to be a supportive administration in the schools so when problems and difficulties arose
they could be resolved in atimely and efficient manner. Fourth, the district administration
wished to insure a broad program of equity across schools so innovative programs were not
concentrated in some schools to the exclusion of others. The procedure for selecting schools to
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participate began with a discussion at the central office, identifying the schools that met the
above criteria. Thiswas followed by an invitation to the principal and/or assistant principal, the
science unit head, and the technology coordinator (if the school had such a person) to a meeting
with the associate superintendent and University of Michigan researchers.

The teacher participants were regular faculty members at these schools. For most schools one to
three teachers participated (many middle schools had only three science teachers). The resulting
group of teachers was quite diverse, despite the use of the selection criteria. For example, 70%
of the teachers were certified to teach in science; the remainder was not, although severa of this
group had extensive professional development experiencesin science education. The teachers
were highly experienced, averaging alittle over 11 yearsin the classroom, about 7.6 years of
which werein science. A small number had classroom management problems or were new
teachers. The schools had arange of computer technology available for classroom use and in
some schools teachers and administrators had to be creative in the way they addressed limited
resources.

Data Sour ces

The datafor our analysis of teacher learning in professional development come from avariety of
sources. Due to the broad scope of the LeTUS reform work with Detroit, these data sources are
normally meant to serve arange of documentation and development efforts, and in most cases
were not designed exclusively for use in studying professional development. These data sources
include student pre- and post-tests designed to measure content and process knowledge related to
each curriculum unit, student-created artifacts, field notes of classroom observations, focus
groups with teachers at the conclusion of each curriculum unit, videotapes and audiotapes of
professional development activities, evaluations filled out by teachers at the conclusion of group
professional development activities, and interviews with teachers.

Analysis

Our approach to analysis combines qualitative and quantitative approaches, reflecting the broad
range of data used to inform our evaluation of professional development activities. Standard
statistical methods are employed to student pre- and post-test data in order to compare learning
gains both within and across teachers, curriculum units, and years. Qualitative data from teacher
interviews, classroom observations, and observations of professional development activity are
anayzed using constant comparative analysis (Miles & Huberman, 1984) for data reduction and
the development of descriptive categories. Internal validity isincreased through the triangulation
of these various data sources (Lincoln & Guba, 1985).

FINDINGS

Two examples of the design process were selected for this paper to demonstrate our approach to
evaluating professional development design. These examplesillustrate the full cycle of the
model for teacher learning described in Figure 1 above, and how we use the elements of that
model to document the impact of professional development on teacher and student learning.
Thisfirst example is about teacher learning about map reading skills related to watersheds. The
second example is about teacher learning about modeling software to foster student thinking

NARST 2001 9



about causal relationshipsin dynamic systems. Both examples begin with the relevant content
standard that motivate the inclusion of these subjectsin our curriculum materials, and proceed
linearly through the process of professional development design, evaluation, and re-design
according to our analytic framework.

Example 1: Teacher Learning About Map Reading Skills Related to Water sheds

The earth surface is shaped in part by the motion of water ..., which act to level mountain ranges. (AAAS,
Benchmarks for Science Literacy, 1993, p. 73)

All students will demonstrate where water is found on earth; describe the characteristics of water and how
water moves; and analyze the interaction of human activities with the hydrosphere.

All studentswill describe the earth's surface; describe and explain how the earth's features change over time;
and analyze effects of technology on the earth's surface and resources. (Michigan Content Sandards for
Science — Hydrosphere and Geosphere)

Understanding the structure of earth systemsis an important objective for middle school science.
In order for students to understand how water shapes the earth’ s surface by erosion and
deposition, they have to understand what watersheds are. In order for them to analyze
environmental data and understand pollution hazards, they have to be able to analyze maps that
show the connection between pollution sources and watersheds.

In response to these standards, LeTUS created awater quality curriculum that addresses a
number of issues related to hydrology, earth structures, and ecosystems. Based on the driving
guestion (Singer et al., 2000) “What is the water like in our river?’, students examine a number
of concepts within their local community related to water quality. Student activities begin with a
river walk to contextualize the problem, and include avariety of activities designed to foster
understanding of the physical geography and dynamics of awatershed, which can then lead to an
understanding of the impact human activity has on the watershed, and therefore, the ecosystems
that rely on that watershed. First developed in 1997, the LeTUS water quality curriculum was
piloted in two schoolsin 1998, and again with adlightly larger group in the spring of 1999. It
became afully implemented curriculum within participant schoolsin LeTUS in 2000.

Initial Professional Development Design —1998-1999

In the first year the water quality curriculum was broadly enacted by LeTUS teachers (1998-99),
professional development activities were designed to familiarize teachers with the goals, content,
and activities of the curriculum. Described in terms of the professional development design
elements from Table 1, these sessions were conducted as Saturday workshops (site), with face-
to-face sessions supported by text (media) in the form of the curriculum guides. The workshops
focused on building teachers’ science content knowledge and pedagogical content knowledge
(content), and the primary activities consisted of curriculum reviews and peer-information
exchanges (strategies) to disseminate basic information about the completion of activities within
the curriculum unit.

|dentifying Problematic Areas for Students' L earning
Analysis of the pre- and post-tests from the 1998-1999 enactment of the water project
demonstrated that the students were having difficulty on items related to the understanding of
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watershed concepts when portrayed in atwo-dimensional map, a standard representation and one
that is frequently used in Michigan state standardized achievement tests. The test questions
depicted a map of awatershed and required students to identify the flow of water in the
watershed, and by inference, areas of high and low elevation within the map. Figure 2 below
shows the pre- and post-test questions and Table 2 presents the distribution of students’
responses on these assessments.

Below isa map of the Red River watershed and the citieson theriver. Usetheinformation in themap to
answer the questions below.

RED RIVER WATERSHED

®

Red
M ountain

City

Black Hills City

reen Flats Cit
y Yellow Valley City

Thedirection that thewater in thered river isflowing isfrom
Yellow Valley City to Black Hills City

Red Mountain City to Yellow Valley City

Green Flats City to Red Mountain City

Blue City to Red Mountain City

coowpR

Thedirection that water in ariver flowsis affected by a change
from lower elevation to higher elevation

from higher elevation to lower elevation

in the wind direction from East to West

in temperature from cold to hot

apoToN

Figure 2. Watershed items from the Water Project pre- and post-test.

Table 2. Percent correct on water quality pre- and post-tests. Correct answers are in bold.

Question 1998-99 Pre-Test 1998-99 Post-Test
1 A B C D A B C D
25 42 20 13 17 50 22 12
5 A B C D A B C D
32 23 22 23 36 29 19 16

Although the largest percentage of students answered questionl correctly on both the pre- and
the post-test, there was not substantial improvement from the pre-test to the post-test. Students
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answers to gquestion two were not better than would be obtained by guessing on either the pre- or
post-test. From these results we concluded that students were not learning these items as the
curriculum was currently being enacted.

Professional Development Redesign to Address Students' Difficulties — 1999-2000

After analyzing these items, we sought to design professional development activitiesto help
teachers focus on this area of students’ difficulty. We decided that this should be one of the first
elements discussed with teachers in preparation for the enactment of the Water Quality curriculum
for 1999-2000. The curriculum unit begins with activities that first address the concept of
watershed and the flow of water within the watershed, and then build to the more complex
concepts of water quality and fluvial ecosystems. |If map reading difficulties are not addressed
early in the enactment of the curriculum unit, we realized that it would become a barrier to
progressing to other activities which rely on knowledge of map representations of a watershed.

The first water quality workshop for the 1999-2000 enactment was held in March. The
workshop was designed to focus on three primary elements: familiarizing teachers with the
curriculum unit, including necessary materials, scheduling, classroom activities, etc.; adetailed
modeling of one of theinitial activities of the curriculum unit which focuses on the concept of a
watershed and the movement of water over land; and practice with the tool Model-It (described
more fully in example 2 below), a software tool used in the unit which is critical to the building
of student understanding of complex interactionsin awatershed (in that order). Teacher
participants in this workshop had a range of experience with the LeTUS program and the
activities of this curriculum unit, so the workshop activities were designed to take advantage of
this by having experienced teachers guide new teachersin the program. The focus on map
reading skills took place as a part of the detailed watershed activity. Again, using our design
elements terminology from Table 1, the workshop content was content knowledge and
pedagogica content knowledge; the site was a Saturday workshop; the media was face-to-face
supported by text (curriculum materials), and the strategies included curriculum review,
technology review, and model teaching.

The March 2000 workshop was designed to first review/introduce the curriculum materials to the
teacher participants and acquaint them with various activities and materials, in asimilar manner
to the previous year’ s professional development designs. However, this activity was limited in
time, so that teachers could quickly move to the hands-on watershed activity. Inthis activity,
workshop |eaders model ed the teaching strategies that might be used with students by having
teachers conduct the activity astheir students would. Teachers were grouped into clusters of 3 or
4, and performed a watershed modeling activity using butcher paper to represent land molded
over various objects to simulate varied topography. Using a spray bottle, teachers were asked to
spray their paper with a dyed water solution so that the dye would help trace the water
movement. Immediately following this activity, teachers were asked to examine their papers and
use markersto create amap of streams, rivers, and other water features which would exist on
their watershed. All of these activities were performed as directed within the curriculum guide.

This set the context for adiscussion of the mapping items from Figure 2 above. Copies of the

problems from the pre- and post-test, along with percentages of students' responses for each
answer were distributed to teachers, generating a discussion among the group about why so few
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students were able to respond correctly on the post-test. Teachers then brainstormed strategies
which might be employed in the classroom to address this concern.

Teacher Participation and Engagement in the March 2000 Workshop

During the discussion about potential reasons for the disappointing student learning reflected in
the mapping items, teachers generated alist of potential problems which might limit student
understanding, including challenges such as the conventions for mapping waterways and how
water flow is assumed from these conventions, the vocabulary used to describe watershed
phenomena, and alack of connection between the paper-spraying watershed activity and
identification of map representations. Discussions addressed each of these issues subsequently,
and led to a set of strategies which might be employed to improve student performance on these
items. Some recommendations included modifications in the test design which might draw
increased attention to mapping conventions and seeking greater congruence between classroom
language and the language that would be used on tests. The bulk of the discussion, however,
focused on meaning making strategies that teachers might employ to improve student
performance. These included: a modification of the paper-spraying activity to include an
examination of widths of markings created by the dye to illustrate mapping conventions for
upstream and downstream elements of a watershed, making specific connections during and
immediately following the activity which would illustrate impact of topography on water flow,
and replicating these ideas from the activity on a map (as modeled by the workshop leaders), and
including repeated use of watershed maps throughout the curriculum, including subsequent
activities where water flow concepts are critical.

Following the workshop, teachers were asked to evaluate the activities of the workshop by listing
critical learning points of the workshop, and responding to a questionnaire asking for their
confidence before and after the workshop in a number of areas, which mapped directly to the
stated goals of the workshop presented at the start of the workshop. Two of these goals mapped
directly to thiswatershed activity. Using afive point scale, teachersindicated that they felt
increased confidence with respect to supporting student understanding of watershed and water
flow concepts (3.86 before workshop, 4.83 after; n=8) and in helping students build conceptual
models of watersheds (3.88t0 4.5).

Effect of Professional Development on Teachers Classroom Enactment

Following the workshop, teachers' use of strategies from the workshop to address various
concepts within the unit were recorded by classroom support personnel. Field notes from weekly
visitsto the teachers' classroomsindicated that many teachers were employing strategies
suggested during the brainstorm exercise. Many teachers employed areview strategy with
students known as bell work (typically quick problems for students to complete immediately
following the ringing of the bell marking the start of class) where maps of watershed were
depicted with questions similar to those shown to teachers at the workshop. Most of the teachers
present at the workshop used the strategy modeled in the workshop for moving directly from the
paper-spraying exercise to amap making exercise. In general, maps were used more frequently
by teachers in subsequent activities where aloca watershed was studied. Two teachers
including map representations of the watershed as a part of a“driving question board” (another
strategy employed within the curriculum to encourage opportunities for student reflection on
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guestions critical to this unit) to better illustrate the representation of local topographical and
hydrological features.

Effect of Professional Development on Students' Learning

Student understanding of these concepts were assessed using the same pre- and post-test items
described earlier (see Figure 2). During the previous (1998-99) school year, correct responses on
these items increased only 8% and 6% respectively following the enactment of the unit, with a
combined average between the two items growing from 0.65 to 0.79 (out of 2.0 items). Student
learning improved considerably in year two (1999-2000) when compared with year one

(F 3 2022=34.34, p<.001), with the professional development activity designed with afocus on
student data. Learning on these two items from both the first and second years' enactment of the
water quality curriculum is shown in Figure 3 below, with the percent of students answering
correct for each question on the pre- and post-test shown in Table 3.

1.6

1.4

1.2

os o —+—1998-99
' -~ ~®1999-200

0.6

0.4

0.2

Pre-Test Post-Test

Figure 3. Comparison of student scores from 1998-99 enactment of water quality to 1999-2000
enactment on watershed mapping items. Student learning was greater in second year of
enactment (F ; ,07=34.34, p<.001).

Table 3. Percent correct on water quality pre- and post-tests from 1999-2000 enactment of water
guality (on questions shown in Figure 2). Correct answers are in bold.

Question 1999-2000 Pre-Test 1999-2000 Post-Test
1 A B C D A B C D
18 54 24 5 12 67 17 4
5 A B C D A B C D
25 38 24 13 14 69 11 6
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Example 2: Teacher L earning About Fostering Scientific Modeling with Software

Sudents should know that models are often used to think about processes that happen too slowly, too quickly,
or on too small a scale to observe directly, or that are too vast to be changed deliberately...

Sudents should know that different models can be used to represent the same thing. What kind of a model to use
and how complex it should be depends on its purpose. (AAAS Benchmarks for Science Literacy, 1993, p. 269)

The LeTUS program makes use of computational technologies to help students learn challenging
science content and concepts. One of the tools developed for use in these classroomsis a
dynamic modeling tool called Model-1t (Jackson et al., 1994). Model-It allows studentsto create
complex models to represent scientific phenomena through both a visual depiction of causal

rel ationships between objects and a simulation of variables related to these objects over time
with differing inputs. Students can set-up and test rel ationships between objects by simulating
guantities for the independent variables and seeing the values of the dependent variables depicted
numerically and graphically. Inthe water quality unit, Model-1t is used to depict relationships
that exist in the context of awatershed, including precipitation, runoff, erosion, pollutants, and
other factors that contribute to overall water quality. Students' models are built using an iterative
process, with Model-1t being used severa times during the unit to allow students to create more
complex models as their understanding of the phenomenaimproves.

|dentifying Problematic Areas for Students' L earning

In the first year of Model-1t use in the curriculum (1998-99; Model-It is used both in our water
quality curriculum and in our air quality curriculum), many teachers elected not to use Model-1t
in their teaching at al. According to teachers and classroom support specialists, the reasons
included teacher apprehension about using the new technology and insufficient access to
sufficient resources to useit properly. In classroom where students did not use Model-1t,
modeling of phenomena was conducted with either static paper models similar to concept maps
or was dropped from the curriculum atogether and replaced with discussions of specific objects
and variables. In those classrooms where Model-It was used, teachers did not get appreciable
value from using the tool because of the way that they used it. For example, in several
classrooms all students' models were the same—the result of following a step-by-step process of
model construction led by the teacher in a didactic fashion. This reflected a more limited use of
Model-It with a predetermined goal for understanding, as opposed to an inquiry-based process
for testing and constructing knowledge. From our perspective, it was clear that we were not
doing an adequate job of professional development to prepare teachers to use Model -1t to foster
meaning making among students.

Professional Development Design and Re-Design to Address Students' Difficulties

In response to problems with student learning using Model-1t during the 1998-99 school year, we
designed two workshop sessions for the 1999-2000 school year that were focused on the use of
Model-It. Our goals was to encourage use of Model-1t with teachers and to suggest and discuss
inquiry-based pedagogy teachers could use in the classroom connected to the use of Model-It.
Though both workshops centered on the use of this tool within the upcoming Water Quality
curriculum, these two professional development sessions were very different in nature and
illustrate our design process for creating professional learning opportunities for teachers. Based
on our observations of the use of Model-1t in the 1998-99 school year, these sessions were set up
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with a primary goal of encouraging teachers to incorporate use of the software to help build
student understanding of the interactions of water quality and watershed concepts. Our initia
thought was that the design should focus primarily on teacher comfort level with the software,
since this seemed to be the primary barrier limiting its use in classrooms. It turned out that our
initial assumptions about the best response were off the mark, as our own analytic process for
evaluating professional development revealed.

Design of the First Workshop

The first workshop (March 2000) focused on introducing teachers within the LeTUS program to
the water curriculum, an inquiry based curriculum centered on the question, “What is the water
likein our river?’ and focusing on concepts of watershed, the water cycle, fluvial ecosystems,
water quality, and sources of pollution or degraded water quality. This was the same workshop
described in Example 1 above where teachers were introduced/reintroduced to the water quality
curriculum and focused on student work related to watershed map reading. This workshop
concluded with an introduction to the use of Model-It, designed as atutorial for teachers. This
tutorial was led by a member of our research team who argued that teachers needed greater
exposure to Model-1t in order to gain comfort with it and thereby cometo useit in their
classrooms.

During previous years of using Model-It during pilot enactments of the curriculum, we had
received positive feedback from teachers suggesting that a curriculum review (highlighting
major curriculum activities and grounding these activities in discussions of constructivist
pedagogy and student learning approaches) and tutorial/demonstration approach to introducing
Model-It worked well. For this reason, we remained with this approach in our design of the first
workshop. The software tutorial is avery common way to present software to teachers, with a
presenter at the front of the room showing how to use software using a projection device and
teachers following along in pairs at computers. Ironically, this recitation approach to
professional development is at odds with the inquiry-oriented and constructivist approach
embodied by the curriculum materials, but thisirony escaped us at the time.

We believed that this workshop design would provide areview of the curriculum for teachers
who had previously enacted this unit, and an introduction for teachers new to the program.
Furthermore, we believed that the tutorial/demonstration of the software would provide an initial
experience in the use of the software and would allow teachersto feel more comfortable with its
use, thereby increasing the chance that teachers would use the tool in class. Our workshop
design included engaging teachers who had used the tool in this curriculum unit in prior yearsin
discussion following the software demonstration. By including more experienced teachers with
novicesin the use of thistool, the design would allow for discussion of experiencesin using this
tool, and raise suggestions regarding classroom practice. I1n the language of the professional
development design elements in Table 1 above, the site for this activity was a Saturday
workshop, the media was face-to-face with computers, the content was content knowledge
related to technology and pedagogical content knowledge related to technology, and our strategy
for teaching Model-1t was a combination of software review and model teaching (though
modeling aform of teaching that was not endorsed by our curriculum), and peer information
exchange.
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Teacher Participation and Engagement in the First Workshop

The portions of our March 2000 workshop that focused on Model -1t were not as successful aswe
had anticipated. Comments from workshop evaluation forms solicited from teachers at the end
of the workshop indicated that many teachers felt a need to continue with more workshops
focusing on the use of technology. An analysis of video recordings of the workshop revealed the
problems in the workshop with much greater clarity. When the workshop moved to afocus on
acquainting teachers with the software tool, teachers were grouped in pairs or threes to include
experienced and non-experienced teachers and each group was given alaptop computer to use
during the subsequent activity. Teachers were instructed to follow along with the workshop
leader while the steps in using the software were illustrated to the group by the use of a data
projector, and were told that this method has been most successful in acquainting students with
the software in prior years. Severa teachers complained that the use of a projector would not be
possiblein their classrooms as they did not have access to similar equipment. Discussion
quickly changed from use of the tool to planning to gain access to these resources, frustrating
many teachers. Commentsin the participants’ reflections suggested that the workshop leaders
lost their authority with the group by demonstrating alack of understanding of the context of the
teachers’ classroom situations with respect to technology access. Once discussion had refocused
on the tool and how it is used, there was insufficient time to demonstrate al aspects of how to
use thetool. In an attempt to present all of the remaining information in the remaining time, the
workshop leader asked teachers to refrain from using the tool on their own and simply follow
along with his actions. For the remainder of the session, most teachers simply sat and watched
as the workshop leader completed the activities with the software.

Design of the Second Workshop

Because of the apparent lack of success of the first workshop in responding to teacher discomfort
in working with the software, a second workshop was designed to try again. In thisinstance, we
did not apply our full model for analyzing the success of the professional development by
observing classroom enactment and evaluating student learning, because we did not fedl these
steps were necessary in light of what seemed to us an obviously flawed professional
development experience.

The second workshop would focus on similar issues of content and pedagogical content
knowledge, along with facilitation of teachers’ use of technology. However, the strategies
employed would be varied considerably. Rather than trying to model teach a didactic walk-
through of the software tool, teachers were given simulated examples of student work (models)
to analyze within the software program, so that they would not only become familiar with the
tool by working with its interface, but they would gain pedagogical content knowledge through
an exploration of how students might use the tool and what the results of those different uses
might be. Teachers were grouped according to experience with the curriculum, experience with
the software, and by personality to encourage a mix within each group.

Each groups was then assigned a “ student model” which was pre-loaded onto their computer to
review and assess as an artifact to determine what the student really understood about watershed
concepts and what misconceptions the student might have regarding these ideas. Each group
examined their model, which included manipulating the software so that every possible step in
model building could be assessed. Groups then developed a set of conclusions about student
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learning based on the model. The student models were not actual models from the previous
curriculum enactments, but were created by the workshop leaders as composites of actual student
models. Since the previous year’ s models were rather simplistic, as described earlier, these
composites would not only allow teachers to see awide range of possible student responses, but
would also help to set expectations about the possible models that could be created. The
intended message to teachers was that they should expect different studentsto create different
models, and that there was no single correct design for amodel.

Following the review of the models, teachers rotated from group to group to see what other
groups had observed and concluded with their own models (all of which were different). This
allowed teachers to see the issues that arise in the classroom as students create these models.
Following this rotation, teachers went back to their original groups to share what other groups
concluded and each group created a rubric for evaluating the models. Once this rubric was
created, teachers again rotated from group to group to assess each of the other models, and
compared their assessments with those of other teacher groups. A debriefing discussion
addressed the assessment of these artifacts and included brainstorming strategies for assisting
students in overcoming “typical” barriersto creating effective models using Model-It.

Teacher Participation and Engagement in the Second Workshop

Teachers participated in the workshop as designed, with considerabl e success in overcoming
concerns regarding the use of the tool. Groupings were explained to teachers so that they could
understand why teachers were being paired as they were, and the teacher groups responded by
having individuals who were completely unfamiliar with use of Model-It actually work with the
computer, so that they could gain more from the experience by being “hands-on”.

Discussions about the potential pitfalls for students and the assessment of student work brought
out a number of concerns from teachers that had not been expressed in the previous workshop.
Assessment strategies for groups of students were considered, and many teachers moved beyond
the point of looking at the models as the products of individual students. They then expressed
several ideas for how student groups might be constructed so that the teacher would be able to
manage each group’ s progressin model development more effectively. They aso raised
concerns about how to assess individual student understanding as reflected in a group-
constructed model. Many commented on the workshop activities as being valuable for them in
developing comfort for using Model-It, but teachers also voiced concern about how to share
access to classroom computers among groups of students, and non-technol ogy based
preparations that students would need to be successful model builders. These discussions
reflected an understanding of pedagogical content knowledge (PCK) that was not observed in
prior use of thistool by classroom support speciaists.

Workshop evaluations also indicated that the design had a positive impact on teachers
perceptions about their knowledge of a variety of strategies and concepts regarding the use of
modeling as a pedagogical strategy, and the use of Model-It in the classroom to assist students
with understanding the concepts of watersheds. Table 4 below lists the goals of the workshop as
stated to teachers at the beginning of the event, and teachers' perceptions of their knowledge in
these categories before and after the workshop. Scores are based on a scale of 1-5, wherea®1”
was denoted as “ Unfamiliar with the topic” and a“5” as*Fully understand the topic”.
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Table 4. Post-workshop evaluation by teachers with respect to the expressed goals of the
workshop.

Prior to Following
Workshop Goal workshop wor kshop
| know how to help students build conceptual models of physical 314 4.18

processes (of the watershed).
| know how to use Model-It software to build a conceptual model. 3.29 4.5

I know how to have students use Model-It in ways to improve their
understanding of relationships.

| know how to examine students' computer models to better understand
their learning about content topics.

I know how to develop arubric to assess student understanding as
demonstrated by their computer models and to use the rubric to assess 3.07 3.75
and respond to these models in the classroom.

I know how to recognize and respond to student misconceptions with
regard to the modeling process.

| understand some of the management challenges of having students
collaborate on computer models and know some effective strategies to 293 4.06
address these challenges.

2.86 4.25

2.79 4.25

2.93 3.94

Effects of Professional Development on Teachers' Classroom Enactment

A markedly greater use of Model-It in the classroom was noted in field notes and observations
from classroom support personnel, aswell as in discussions and interviews with teachers,
subsequent to our second workshop. All teachersinvolved in the curriculum used the software
tool with their students for at |east one extended period (generally 3-5 days) in their classroom,
and amajority of the teachers used the tool in multiple iterations to build more sophisticated
models with complex relations and interactions between objects.

In prior enactments of the curriculum unit, as well as enactments of other LeTUS curriculawhich
use Model -1t to conceptualize complex phenomena, teachers rarely required students to use
elements of the modeling experience in their final presentations of their investigations.

However, following this workshop, a mgjority of the teachers enacting the curriculum required
students to use their models as the centerpiece of the final presentations of their learning for this
unit.

Effects of Professional Development on Students' L earning

Observations from classroom support personnel, as well asinformal comments from teachers,
reflect an increased use of conceptual models by students. In previous years, the models created
by students were very simple in design, usually having two or three objects from the watershed,
and depicting two simple relationships. However, following the workshop, many models were
observed to have as many as fifteen different objects depicted by students, and more complex
relationships were present. Written text which appears in the model for students to explain the
relationships they created between objects and variables was more thoroughly developed than in
previous years, when it was typically absent or when all student responses were typically the
same, following the didactic instructions from teachers.
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The water quality pre- and post-test did not include specific items on modeling, so it is not
possible for us to represent growth in student learning in terms of explicit quantities. We
recognize this as aweakness in our ability to use student learning data to inform professional
development related to modeling directly, and have already taken steps to include questions
related to modeling concepts in future iterations of the water quality pre- and post-tests.
Furthermore, arubric-based evaluation of student modelsis ongoing, which will yield further
datato use with teachers in professional development.

DISCUSSION AND CONCLUSION

In both the case of teacherslearning how to foster student learning about scientific modeling
with Model-It and teachers learning how to foster map readings skills relating to watersheds, we
believe that our design approach to professional development enabled us to make reasoned and
substantial improvements in both teacher learning and subsequent student performance. After
identifying student difficultiesin particular areas, we were able to analyze our existing
professional development and hypothesize changes that would better help the teachers teach to
these difficulties. Subsequent analysis of the impact of these changes indicated that the
workshop re-designs had a positive impact on teachers' knowledge and beliefs about their
teaching, and also on their classroom enactment. These changed teacher knowledge and beliefs
trandated into improved student performance on post-test evaluations of the curriculum
enactments.

Most evaluation of professional development begins and ends with “opinionnaires’ given at the
end of a session where teachers are invited to express their satisfaction with the experience or
rate their learning experiences (Frechtling, Sharp, Carey, & Vaden-Kiernan, 1995). We also use
these questionnaires, because they do have value in gauging teachers' immediate reactions to
professional development design. But in our analytic framework, such instruments are only one
component, and asmall one at that, of the overall range of information bought to bear on
assessing the value of professional development. For us, the most important measure of whether
professional development is“working” is whether teacher enactment yields evidence of
improved student performance.

The ultimate aim of thisresearch isto elevate professional development beyond its current craft-
oriented practice to more of ascience in and of itself. Because professional development isa
context-bound activity, our goal is not to develop or validate a monolithic approach and then
attempt to get others to adopt that approach. Rather, progressin thisareawill most likely
continue in the form of refined understanding of how to foster particular kinds of learning with
respect to particular challenges of teaching complex, standards-based curricula. The result of
thisenterpriseislessanew “model” for professional development asit isaway to conceptualize
problematic areas for teaching with potential design responses to those problems.

Our future work includes continued tuning of our data collection and analysis techniques, and a
continual evolution of professional development designs based on our research. We believe that
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the systematic exploration of the design of professional development linking standards to student
achievement is a necessary element of future progressin systemic school reform.
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