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Professional development
for science teachers is often
designed to guide teachers in
the use of specific teaching
strategies, curriculum packages, science units, or school
improvement initiatives. Too
often, professional development offers a one-size-fits-all
solution for teachers from
“I’ve been teaching
all subjects or grade levels.
for 30 years, and PBL
When paired with the tradihas invigorated my
tional one-shot workshops, it
approach to teaching.
I look forward to teach- is little wonder that so many
professional development
ing, and my students
look forward to science.” programs fail to bring about
(Agnes Drzal, 6th grade changes in how teachers
teach and students learn.
teacher, Kinawa
Middle School)

The Problem-Based Learning
(PBL) Project for Teachers approaches K-12 science
teacher professional development in a comprehensively different way. The focus of the PBL Project is to
improve science teaching and learning. Teachers who
enroll in the PBL Project learn about science content,
develop age-appropriate standards-based units around
the concepts they learn, and then study the effectiveness of their implementation of the units. Each phase
of the professional development program is structured
under a Problem-Based Learning framework to guide
teachers’ thinking and learning.
Problem-based learning (PBL) is a teaching strategy
first developed in the medical education field (Barrows & Tamblyn, 1980) to help students develop both
content knowledge and the clinical reasoning skills
needed by medical professionals. PBL has since been
adapted for teaching science (Allen, Duch, Groh, Watson, & White, 2003; Gordon, Rogers, Comfort, Gavula,
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& McGee, 2001), and has been shown to increase
students’ intrinsic motivation to become self-directed
learners (Hmelo-Silver, 2004; Kelson, 2004). Because
teachers are engaged in the same kind of clinical
reasoning as doctors – diagnosing problems in learning content, and making multiple decisions about how
to address those problems – we use a PBL framework
to help teachers systematically think about their own
practice.
In this article, we explain the Problem-Based Learning
framework and provide an overview of The PBL Project for Teachers. The articles that follow in this special section of the MSTA Journal describe lessons we
have learned about the design of effective PBL science
problems and offer examples of PBL science lessons
designed by participants in the PBL Project.

The PBL Process

Problem-based learning is generally defined as an
approach that helps students “learn to learn” through
analysis and resolution of open-ended, ill-structured
real-world problems, or “dilemmas” (Torp & Sage,
2002). A more extensive explanation of the characteristics of an effective problem or dilemma is given in the
final article in this special section.
After reading the scenario presented in the problem,
groups of learners then work through a structured
framework of analytical steps as they develop recommended actions to address the problems. These steps
help the learners to explicitly state the information they
have, identify questions that need further research,
and propose hypothetical solutions, and analyze information they gather in order to develop a proposed
resolution to the problem. Figure 1 provides a summary of the PBL process as used in the PBL Project’s
professional development activities. The objective of
the framework is to provide the learners with experiMSTA Journal • Spring 2008 • http://www.msta-mich.org

Figure 2: Overview of the PBL
Project for Teachers

Figure 1: Summary of the Process for Analyzing
PBL Problems and Dilemmas
ences that illustrated content knowledge and practice
in applying that knowledge in a contextual setting that
is relevant and interesting. The steps shown in Figure
1 also contribute to the development of critical thinking skills called for by the National Science Standards
(NRC, 1996).
Problem-based learning has been used as a strategy for
teaching science content, but the PBL Project had utilized the same set of analytical steps to guide teachers’
learning about curriculum and teaching strategies. This
novel application of the PBL approach engages teachers in a systematic analysis and revision of curriculum,
science unit plans, and teaching strategies. The following section describes the design of The PBL Project for
Teachers to illustrate the overarching theme of problem-based learning as it is used to address both content
learning and instructional decision-making.

Overview of the PBL Project for
Teachers

To date, about 140 teachers in grades K-12 from across
mid-Michigan have used the PBL learning framework
described above to analyze problems or dilemmas reMSTA Journal • Spring 2008 • http://www.msta-mich.org

lating to both science content and the science teaching
as participants in The PBL Project for Teachers. The
following overview of the professional development
program will help illustrate how PBL helps teachers
deepen their understanding of both content and pedagogy. The PBL Project involves three main components. Figure 2 shows the three components, with the
main activities of each component. Participants have
the option of enrolling in just the first component, or
all three.
The first two components of the professional development take place in the summer, beginning with a 7-day
Professional Working Conference. Planning for the
Professional Working Conference begins when teachers select a first and second choice of science topics
they wish to improve in their own teaching. Project
staff then group participants in content “strands” and
develop a series of PBL problems that relate to the
topics identified by teachers. Examples of the content
strands for the Summer 2007 workshops included
Solid Earth, Astronomy, Force and Motion, Genetics, Ecology, Organisms, and Weather. During the first
three days of the summer workshops, teachers then use
the PBL framework to analyze science-related problems associated with their chosen topic.
The Professional Working Conference also includes
four days of unit development. Teachers develop or
revise unit plans for their own content strand topics by
identifying the appropriate “big ideas” and standards
for their students. They then plan assessments that will
demonstrate student understanding, and develop a secontinued on page 18
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quence of lessons to help students learn these concepts.
Teachers also use this time to participate in seminars to
explore inquiry and application teaching strategies as
they plan for their science units.
Participants who opt to enroll in all three portions of
the project continue on to the second segment, the
Summer Focus on Practice. This component consists of
three days during which participants are positioned as
teacher-researchers who actively analyze their teaching practice. To learn to use PBL as an analytical tool,
groups of participants take part in teaching dilemmas
that serve as practice cases for the groups to analyze. In
this article, we use the term “dilemma” to describe the
problems teachers choose to study because the word
implies an on-going struggle to decide between more
than one equally viable plan of action. The teaching
dilemmas include background information on a gradespecific problem or issue that a teacher wants to resolve
in her own classroom. A videotape of the teachers’
science classroom is used to illustrate the teacher’s
dilemma. Participants then use the PBL framework to
analyze the problem, form hypotheses for solutions,
search for literature on the issue, and recommend
strategies that address the dilemma. The experience
is designed to model the process that participants use
while researching their own teaching dilemmas during
the following academic year with a learning community of their peers.
Participants then work with their learning community
to identify a dilemma in their own teaching related to
the unit they developed during the Professional Working Conference. The problems addressed in teachers’
analysis of their practice are drawn from their classroom experiences. For instance, a participant may plan
to use a new inquiry approach to teaching the concepts
of velocity and acceleration. Her dilemma may test
whether the new activities help students learn the concepts more thoroughly. Other teachers may be struggling to develop alternative assessments or portfolios
that help them understand what students have learned.
Like in the Professional Working Conference, the
teachers select the topics that guide the learning.
Selecting a problem of teaching practice may seem
simple, but because identifying a question is so important to the research process that follows, we have found
that teachers develop teaching dilemmas that are easier
to study when they are very deliberate and specific in

18

the process of identifying the issue they wish to explore. Participants in The PBL Project for Teachers
use one of four lenses - instructional decision-making,
student interactions, content, and assessment – to focus
their study on specific issues in their teaching. They
then brainstorm several issues related to the unit they
developed, as well as a list of possible interventions or
strategies to deal with the issues. The teachers prioritize their lists and refine one or two questions that will
guide their inquiry during the following school year.
They then develop testable hypotheses that serve as a
foundation for a data collection plan that will provide
evidence about the impact of their selected intervention. Table 1 provides some examples of dilemmas and
hypotheses developed by teachers in The PBL Project
for Teachers.
Once teachers have selected a dilemma, they then
create a plan for collecting evidence from their own
classrooms, which may include test scores, samples
of student work, and videotaped segments of science
lessons, or could include other assessments such as
observation checklists (Burke, 2005), teachers’ written
reflections. The participants also have an opportunity
to practice using video camcorders and iMovie video
editing software (Apple, 2006) to capture and organize
the videotaped evidence of practice.
In the final segment of the professional development
program, the Academic Year Focus on Practice, teachers implement the lesson and the research plan they
developed in the summer. They collect evidence of
student learning and record videotape of the lesson
in which their teaching dilemmas are situated. With
the help of analytical questions provided in materials
developed as part of the project, teachers can then view
the videotapes, look for evidence of changes in student
achievement, behavior, or learning, and create a series
of video clips that can be shared with their peers.
The learning communities developed during the summer meet once a month to analyze the evidence teachers collected during the teaching of their unit plans.
Members of the group take turns presenting their
dilemmas to the group, starting with the context and
the lesson taught. The presenting teacher shares the evidence he or she collected, and the group uses the same
PBL learning framework to analyze the situation and
identify learning issues. Prior the next month’s meeting, the participants gather relevant information from
MSTA Journal • Spring 2008 • http://www.msta-mich.org

Table 1: Examples of teaching dilemmas generated by PBL Project participants.
library and Internet resources. The teacher-researchers
then discuss their findings as they develop new strategies for dealing with this dilemma. The knowledge of
teaching developed from this teacher research can then
serve to guide planning of future science lessons.
The Focus on Practice ends with a Celebration of Practice, a chance for all the learning communities to share
the results of their research. This opportunity to debrief
with others recognizes the participants’ contributions to
a collective body of teacher knowledge and helps the
participants solidify in their own minds how they have
changed as teachers.

Impact of PBL Project for Teachers

The implementation of the PBL Project’s professional
development model has provided many opportunities to
study the kinds of changes teachers undergo. Some of
the evidence collected as part of this research suggests
that the use of PBL as a tool for professional development can have important impacts on teacher knowledge.

Understanding Science Content and
Curriculum

Participants in the project are gaining science content
knowledge. Teachers often come to the project with a
basic understanding of the science concepts they teach,
continued on page 20
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especially the patterns that
illustrate such topics as heredity, moon phases, and
forces that affect motion
of objects. However, some
lack the depth of understanding needed to explain
to students why these
phenomena occur. For
these teachers, the PBL
Project’s content problems
have given them a chance
to develop a deeper understanding of the subjects
they teach.

“I honestly feel like our
growth and our increased
knowledge changes how
much the kids get out of it.
Even teachers who have
Because
of what I was able to
extensive education in
learn,
I
reorganized
my suctheir content area have
cession
unit,
and
I’m
able to
gained from taking part in
the application of ideas to make so many more connections! And now in the MEAP
real world problems, enreview, my kids are rememlarging their repertoire of
bering
what they learned in
examples and explanations
my class.” (Lee Ballor, 8th
that enable them to teach
grade teacher, Chippewa
science to their students.
Middle School)

We have also found that
teachers have made important changes to their science
curricula as a result of the work they completed during
the PBL Project. On project evaluation questionnaires,
many of the participants have reported that they focus
more on the “big ideas” of science, and have trimmed
parts of their curriculum that are not necessary to align
with state and national standards. Others have explored
new teaching strategies, including the development of
problem-based lessons for their students and alternative
approaches to assessment that help both teacher and
students gauge learning.

PBL as a Tool for Professional Learning

One of the goals of The PBL Project for Teachers is
to provide educators with a framework for analyzing their practice with the goal of improving science
teaching. Another important impact of The PBL Project
for Teachers is that participants are beginning to use
PBL as a way to examine and revise their teaching. In
assessing PBL’s ability to give structure to teachers’
inquiry, participants are reporting that they have begun
to apply the PBL framework to analysis of teaching in

20

other subjects as well. Linda is an elementary teacher
at a small parochial school. Her experience exemplifies
this kind of change in teachers’ thinking. After participating in the project’s first cohort, she reported, “Now
I use PBL to re-examine not just my science lessons,
but math as well! Thinking about my teaching in a PBL
framework has become part of who I am as a teacher.”
In another example, Kristin, a middle school teacher in
a rural school, shared her experiences in the PBL Project with others in her building. As a result, her building
principal has encouraged the school’s staff to use many
of the features of PBL as a strategy for school improvement planning.

Implications for Science Teachers

Standards for science education (NRC, 1996) and staff
development (NSDC, 2001) both emphasize the need
for teacher “inquiry into teaching and learning” (NRC,
1996, chapter 4). This increasing emphasis on teacher
research is reflected in the creation of “Teacher Researcher Day” at the National Science Teacher Association’s annual conferences and in the growing body
of literature on the role of teacher inquiry in professional learning (Roberts, Bove, & van Zee, 2007). We
are using problem-based learning as a framework to
help teachers structure inquiry about their own science
teaching.
For science teachers, questions about which instructional strategy to use usually lead to choices between
many options. Using PBL as an analytical framework
helps teachers make evidence-based decisions based
about effective science teaching strategies. The evidence about the efficacy of the intervention comes from
student work, the teachers’ observations and reflections, and from records of classroom events that might
include videotaped lessons. The teacher’s analysis of
the evidence, conducted in collaboration with a group
of peers, guides instructional decisions. The findings
can then inform others about effective strategies for
specific contexts.
PBL has the ability to develop science content knowledge in a contextually appropriate setting while simultaneously helping learners practice critical thinking skills.
But PBL is more than just a strategy for teaching science. PBL also provides a framework that is useful for
teachers as they reflect on and analyze their own practice
in an on-going process of professional learning. The
PBL framework can become an integral part of school
MSTA Journal • Spring 2008 • http://www.msta-mich.org

improvement efforts while meeting the needs of teachers
who face changes in curriculum and standards.
The articles that follow share examples from participating teachers of problem-based lessons they have
developed for their own classroom and their use of the
PBL framework to examine their own practice. The
final article in this special section discusses lessons we
have learned during the design and implementation of
our professional development activities about designing
PBL problems.
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