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The QuarkNet Collaboration

Andria Erzberger (510-486-6610;
ALErzberger@Ibl.gov)

Lawrence Berkeley National Lab, One Cyclotron
Road, Berkeley, CA 94720, United States

QuarkNet is a long-term high school education
project, supported by NSF and DOE and carried out
by a collaboration of university and laboratory re-
search groups. These research groups are part of ma-
jor international particle physics experiments, includ-
ing those at CERN in Switzerland, Fermilab in Illinois,
and SLAC in California. Goals and Objectives:

A major goal is to engage students and teachers in au-
thentic scientific research; they gain a first-hand un-
derstanding of research and its application in the in-
quiry method of learning. Teachers enhance their con-
tent knowledge, increase their abilities to solve science-
related problems, engage students in scientific inquiry,
and develop responsibility for their own professional de-
velopment. Students learn fundamental physics and are
motivated by current research questions as they analyze
real data. A second goal is to engage particle physicists
with current issues in science education, including their
understanding of the National Science Education Stan-
dards and local science education needs and what con-
stitutes age-appropriate content. Project Design:
Working with physicists nationwide, we have estab-
lished a project framework with three program areas-
teacher research experience, teacher development pro-
grams, and online resources and inquiry-based activi-
ties. Eight-week research appointments allow teachers
to experience scientific research first-hand. In teacher
institutes the next summer these teachers and scientists
lead a group of teachers through a short research sce-
nario lasting two to three weeks and assist them in cre-
ating similar scenarios for their students. When fully
implemented QuarkNet will support centers associated
with 60 particle physics research groups at universities
and laboratories in the U. S. The QuarkNet website
provides:

- Experimental data for use in inquiry-based activities.
- Opportunities for communication and collaboration
among physicists, teachers and students.

- A place for students to publish and share their ideas.
- Resources including background information, simula-
tions, ideas for data analysis, inquiry activities, etc.
Future Scope:

Many students are engaged in research in their schools,
but in the second five years, we will add a student com-
ponent to the summer research experience.

URL: http://QuarkNet.fnal.gov

ED51D-06 1135h INVITED

Evaluation of Teacher Research
Programs

M. Jean Young (520.575.6981;
jyoung@dakotacom.net)

MJ Young & Associates, 55 E. Rudasill Rd., Tucson,
AZ 85704, United States

Science education reform advocates students learn
science the way it is done. But, few science teachers
get the experience of “doing science,” so are not well
acquainted with scientific inquiry. Several programs for
teachers have been conducted that bring teachers into
laboratories to work with scientists. Over several years
evaluating such projects, (e.g., the Department of En-
ergy Teacher Research Associates Program, Fermilab’s
QuarkNet program and the National Optical Astron-
omy Observatories’ Teacher Leaders in Research-Based
Science Education program) common elements that
make the programs successful have emerged. (“Suc-
cess” means teachers provide students with authentic
scientific inquiry experiences.) Common elements in-
clude some form of follow-up after the initial research
experience, constructive interactions with research sci-
entists, and providing teachers with a global view of
how the specific research they are doing fits into a
larger picture. Evaluation of these programs has in-
cluded obtaining multiple perspectives from scientists,
teachers and their students, data on classroom imple-
mentation, and data on changes in classroom practice
as a result of teachers engaging in a research experi-
ence. The evaluations provide insight into how best
to provide formative and summative feedback for such
programs, how scientists can most effectively provide
teachers research experiences, and factors that promote
transferring knowledge into the classroom to best ad-
dress science education reform.

ED51D-07 1150h INVITED

Developing Authentic Research
Experiences Using EarthScope Data

Michelle K Hall-Wallace (520-621-9993;
hall@geo.arizona.edu)

University of Arizona, Department of Geosciences,
1040 E 4th St, Tucson, AZ 85721, United States

EarthScope, a decade-long experiment to under-

stand the formation, structure, and evolution of the
North American continent, will carry-out active inves-
tigations in nearly every county in the US. The ex-
citement of a huge science experiment in one’s own
backyard piques interest, but teachers need resources
and professional development experiences to capital-
ize upon this excitement and create opportunities for
their students’ learning. The EarthScope Education
and Outreach Network will provide the interface to
make EarthScope science, and the advanced technology
and modern approaches used to understand Earth, rele-
vant and beneficial to K-16 educators vested in advanc-
ing Earth science education. Three obstacles must be
overcome for success in carrying out authentic Earth-
Scope research in the classroom. First, scientists and
teachers must work together to identify relevant and
developmentally appropriate research questions for the
target audience. Second, teachers will need professional
development experiences that engage them in authen-
tic research and that provide support for introducing
a similar research experience in their own classroom.
Third, the outcome of the research experience must
have value to the scientist, teacher and student to mo-
tivate sustained participation by all.
The dense array of seismometers being deployed in the
USArray component of EarthScope will permit stu-
dents and the public to see first-hand Earth’s dynamic
response to both human and natural events in their
hometown and around the country. Targeted local ex-
periments will make EarthScope’s scientific investiga-
tions and discoveries relevant for educational efforts
on a region-by-region basis. Combining the real-time
seismic data streams from USArray with data and in-
strumentation from the growing US Educational Seis-
mic Network (USESN) opens up endless possibilities
for student-centered research. In this paper, I will dis-
cuss the lessons learned from eight years of leading a
high school educational seismology program in Arizona
and how those lessons can be applied to developing
research experiences for teachers and students within
EarthScope and USESN.

ED51D-08 1205h INVITED

Building a Global Science Education
System to Undertake Genuine
Astrophysics

Carlton R. Pennypacker! (510 -486-7429;
pennypacker@lbl.gov)

Alan Gould! (510-643-5082;
agould@uclink.brekeley.edu)

Jordan Raddick? ((407) 239-0258 (407) 465-;
raddick@pha.jhu.edu)

1 Lawrence Hall of Science, University of California at
Berkeley, Berkeley, CA 94720, United States

2 Johns Hopkins University, Dept. of Physics and As-
tronomy 3400 N. Charles St., Baltimore, MD 21218,
United States

The Hands-On Universe (HOU) Project has de-
veloped powerful tools for students to undertake and
model aspects of professional astronomy research.
Building on a slowly evolving International Virtual Ob-
servatory and a network of small telescopes, plus other
data bases of professional grade astronomy images, stu-
dent can undertake many of the activities and pro-
cesses of modern astronomy. This system has met
with good enthusiasm from teachers and astrophysi-
cists from around the world, and over 1000 teachers
have been trained in HOU oer the past decade. We
have developed scalable teacher training tools, and en-
deavor to scale our professional astrophysics scientific
collaborators, who are essential for on-going support
and inspiration.

URL: http://handsonuniverse.org/

ED52A MCC: 3012 Friday 1340h

Teacher Professional Development
Programs Promoting Authentic
Scientific Research in the Classroom
III (joint with OS, P, C)

Prestding: S K Croft, National Optical
Astronomy Observatory; S M
Pompea, National Optical Astronomy
Observatory

ED52A-01 1340h

Solar Astronomy as a Means to Promote
Authentic Science Research in a
Teacher Professional Development
Program

Constance E. Walker! (520-318-8535;
cwalker@noao.edu)

Steven Croft! (520-318-8495; scroft@noao.edu)

Stephen M. Pompeal (520-318-8285;
spompea@noao.edu)

Claude Plymate? (520-318-8168;
cplymate@noao.edu)

Donald McCarthy3 (520-621-4079;
dmeccarthy@as.arizona.edu)

1 National Optical Astronomy Observatory, 950 N.
Cherry Ave., Tucson, AZ 85719, United States

2National Solar Observatory, 950 N. Cherry Ave.,
Tucson, AZ 85719, United States

3Steward Observatory, University of Arizona, 933 N.
Cherry Ave., Tucson, AZ 85721, United States

Teacher Leaders in Research Based Science Educa-
tion (TLRBSE) is an NSF-funded Teacher Enhance-
ment Program hosted by the National Optical Astron-
omy Observatory (NOAO) in Tucson, AZ. Consistent
with national priorities in education, TLRBSE seeks
to retain and renew middle and high school science
teachers. Within the exciting context of astronomy,
TLRBSE integrates the best pedagogical practices of
Research Based Science Education with the process of
mentoring. One means by which participants are pro-
vided training in astronomy content, pedagogy, image
processing, research and leadership skills is through a
15-week distance-learning course and an in-residence,
two-week institute at Kitt Peak National Observatory
and the National Solar Observatory (NSO). Through-
out the program, teachers work with professional as-
tronomers and education specialists. At the in-situ,
two-week institute, teachers are the researchers on one
of four research projects, including solar astronomy.
Preparation for the solar project dictates much of the
design of the program (e.g., development and feasibil-
ity testing of the observing program, the reduction and
analysis software, the preparatory documents for the
teachers). The program design of the solar project is
centered on teachers experiencing the scientific process.
Initially through a staff-facilitated guided inquiry and
then on their own as a team, the teachers propose a
research question and discuss alternative hypotheses.
They operate the solar telescope and take, calibrate,
reduce and analyze the data. Teachers interpret and
report results to their peers and pundits. Ultimately
the observing experience and knowledge gained by the
teachers is transferred to the classroom, where students
learn science by doing science. Staff astronomers and
education specialists provide continuing support with
the goal of sustaining a professional learning commu-
nity that outlives the research experience. Further
observing experience is available during the academic
year. Students submit research papers to the RBSE
on-line journal. Teachers and their mentees present
at national NSTA meetings. These aspects of the so-
lar project, outcomes, lessons learned and future di-
rections will be described. The TLRBSE Program is
funded by the National Science Foundation under ESI
0101982, funded through the AURA/NSF Cooperative
Agreement AST-9613615. NOAO is operated by the
Association of Universities for Research in Astronomy
(AURA), Inc. under cooperative agreement with the
National Science Foundation.

URL: http://www.noao.edu/outreach/tlrbse/

ED52A-02 1355h

Positive Outcomes of a Teacher
Professional Development Program
Promoting Science Research in the
Classroom

Andy Miller!:2 (956 548-8630; afm@tenet.edu)
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1 Cummings Middle School, 1800 Cummings Place,
Brownsville, TX 78520, United States

2Universi':y of Texas at Brownsville, 80 Fort Brown,
Brownsville, TX 78520, United States

This presentation will focus on the experiences of
a middle school science teacher from Brownsville, TX
who attended the NSF-funded Research Based Science
Education program during the summer of 2000. RBSE,
sponsored by the National Optical Astronomy Observa-
tories based in Tucson, AZ, provided attending teachers
the opportunity to interact with and receive instruc-
tion from professional astronomers, both at the NOAO
facility in Tucson, and at the Kitt Peak Observatory.
Teachers were provided with raw astronomical data col-
lected by astronomers and then trained in the use of im-
age processing software for data analysis. Upon return-
ing to the classroom in Brownsville, a research-based
after school program was initiated by the teacher for
four interested students. The students were given back-
ground on the research projects, taught to use the soft-
ware, and then developed their own research questions
in each of the three areas of RBSE: a search for novae
in the Andromeda galaxy; an analysis of the number
and area of sunspots; and an investigation into spectra
of Active Galactic Nuclei. Students came to the class-
room after school daily during a large part of the year
and generally would work for one to two hours process-
ing and analyzing data. Completed research projects
were presented in a variety of formats including: com-
petition at the Brownsville School District, Rio Grande
Valley Regional, and Texas State science fairs; publica-
tion of professional-style research articles in the RBSE
journal; and poster presentations at Research Day at
the University of Texas-Brownsville. The students have
won numerous awards at all levels of Science Fair com-
petition, have been the subject of three local newspaper
articles, and two of them have accelerated their aca-
demics to the point of graduating from high school in
only two years and have received full college scholar-
ship offers. The students today credit their RBSE ex-
perience with increasing their interest level in science,
helping them to understand the scientific method and
research, and developing the self-confidence that has
enabled them to pursue greater academic and personal
goals.

ED52A-03 1410h

Research Based Science Education:
Bringing Authentic Scientific
Research into the Secondary
Classroom

Jeff Sayers (812-876-5238; jesayers@indiana.edu)

Northview High School, 1 W. Knight Drive, Brazil, IN
47834, United States

Teachers and students at Northview High School
in Brazil, Indiana have the opportunity to engage in
authentic scientific research through our participation
in two national projects, TLRBSE and PEPP. Teacher
Leaders in Research Based Science Education (TL-
RBSE) is a teacher professional development and reten-
tion program coupled with authentic scientific research
projects in astronomy. Teacher-Leaders are trained in
research-based pedagogy and serve as mentors to less
experienced colleagues and work with students to de-
velop science research methods and research projects
for the classroom. Astronomical data collected at Kitt
Peak by astronomers and teachers is made available on
CD for classroom use. Northview is in its second year
as a TLRBSE school. The Princeton Earth Physics
Project (PEPP) trains mentor teachers in fundamentals
of research in seismology. Teachers and students then
gain hands on experience in science research through
operation of a research quality seismic station sited at
the high school. Data from the Northview seismometer
are stored locally and also transmitted over the Inter-
net to a database at Indiana University. Students have
access to local data as well as seismic databases acces-
sible through the Internet to use for research projects.
The Northview Seismic Station has been in operation
since 1998. In this presentation, I will describe how
these projects have been incorporated into the physics
and earth science programs at Northview High School.
I will discus how our teachers and students have ben-
efited from the opportunity to take part in hands-on
scientific research under the guidance of university fac-
ulty. In particular, I will describe our participation in
a regional seismic network through seismic data acqui-
sition, data analysis using seismological software, and
students’ experiences in a university-based student re-
search symposium. I reflect on the some of the suc-
cesses and barriers to high-school teachers’ and stu-
dents’ involvement in scientific research programs. I
conclude with a discussion of a successful student seis-
mology project that was a finalist in the 2003 INTEL
International Science and Engineering Fair

ED52A-04 1425h

Earthworks: Promoting authentic
classroom science through Earth
System Science research in the Rocky
Mountains

Susan Buhrl! (303-492-5657;
sbuhr@cires.colorado.edu)

Genevieve F. Healy! (303-735-3641;
ghealy@cires.colorado.edu)

1Umivcrsity of Colorado, CIRES Room 318 216 UCB,
Boulder, CO 80309-0216, United States
Earthworks is week-long teacher professional devel-
opment workshop in the Rocky Mountains designed to
help secondary science teachers create Earth System
Science research projects that can effectively be trans-
ferred to their students. Participants work closely with
scientists who specialize in geology, ecology, meteorol-
ogy, biology, chemistry and aquatic sciences as they
develop and conduct their own small-group research
projects. Through fieldwork, observations, small-group
discussions, and problem-based learning, participants
work in groups to complete their own research project,
teach their new skills to one another, and develop im-
plementation plans for the classroom. This workshop
allows the participants to be immersed in scientific in-
quiry that is relevant to their classroom content ar-
eas, uses equipment that is realistically available within
classrooms, and is appropriate within the time con-
straints of regular school settings. The program estab-
lishes and maintains an ongoing community of teachers,
scientists and other peers providing long-term connec-
tions and a support network to share ideas and new
teaching practices. Important aspects of the project
will be described, along with examples of classroom im-
plementation by participant alumni.

URL: http://cires.colorado.edu/ k12/earthworks/
index.html

ED52A-05 1440h

Earth Science From a New Perspective:
An Online Course for K-8 Teachers

Sara J Lau:y1 (617-873-9738; Sara_Lacy@TERC.edu)

Deborah Munson® (617-873-9735;
Deborah-Munson@TERC.edu)

1TERC, 2067 Massachusetts Avenue, Cambridge, MA
02140, United States
Can teachers effectively learn Earth science in an
online course? Earth Science from a New Perspective
is offered in the Lesley University/TERC Science in
Education Online Master’s Degree Program. The pro-
gram is delivered online. It is designed for K-8 teach-
ers, emphasizes inquiry-based science, and aligns with
National Science Education Standards. This course fo-
cuses on the Nile River, and it invites participants to
uncover the connections between that river the rest of
the Barth’s systems. Bach Earth science investigation
provides the opportunity to explore the river system
through observation, modeling, and data analysis. Par-
ticipants learn to use visual representations such as
satellite images, photographs, and maps as sources of
data. They analyze precipitation, topography, and hy-
drology data collected by scientists. As an integral part
of their investigations, they use a stream table to model
and test hypotheses. We have designed investigations
that use web-based tools to enable participants to ma-
nipulate, analyze, and interpret data to answer Barth
science questions. The participants access electronic
science resources and use threaded discussions to col-
laborate and to report their research results. They ul-
timately apply their knowledge of river systems, and
their skills in data analysis, to an independent inves-
tigation of another river. In this presentation we will
describe the strategies we use to promote understand-
ing of Earth science in the online environment.

ED52A-06 1455h

Project INSTAR-Integrating authentic
marine science research into the K-12
classroom

Julien Zaragoza (954-614-1977;
DrMayrovitz@aol.com)

Marilyn Zaragoza (954-614-1977;
DrMayrovitz@aol.com)

Peter Swart! (305-361-4103;
pswart@rsmas.miami.edu)

Genevieve F Healy? (303-735-3641;
ghealy@cires.colorado.edu)

1Umivcrsity of Miami Rosenstiel School of Marine
and Atmospheric Science, Marine Geology and Geo-
physics 4600 Rickenbacker Causeway, Miami, FL
333149, United States

2University of Colorado at Boulder, 216 UCB, RL2-
130, Boulder, CO 80309-0216, United States
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Project INSTAR (Investigating Nature through Sci-
ence Teacher Active Research) is a teacher professional
development program that provides participants with
new teaching strategies, research skills, field techniques
and science equipment that can be effectively inte-
Participants
work in small groups with marine scientists to ex-

grated into the K-12 science curriculum.

plore coral reefs, hydrology, marine animals, coastal
ecosystems, and tropical meteorology in order to bring
cutting-edge marine science research and technology
back to their students. Participants develop research
papers and ideas for classroom implementation that
they share with each other through formal presenta-
tions. The Institute has successfully completed its
sixth year of providing teachers with authentic scien-
tific research useful for their classroom teaching. Key
strategies relating to the sustainability, evaluation, and
long-term success of the program will be discussed.

URL: http://www.projectinstar.org

ED52A-07 1510h

Information Technology in Science (ITS)
Center for Teaching and Learning
Environment Design Experiment
Study for the Development of New
Generation Leaders in Science
Education

Bruce E. Herbert! (979-845-2405;
herbert@geo.tamu.edu); Carolyn Schroeder?
(cmschroeder@cox-internet.com); Sam Brody5
(sbrody@archone.tamu.edu); Tony Cahill3
(tcahill@civilmail.tamu.edu); Ann Kenimer?

(a-kenimer@tamu.edu); Cathy Loving?

(cloving@tamu.edu); Janie Schielack®

(janie@its.tamu.edu)

1 Texas A&M University, Geology Geophysics, College
Station, TX 77843-3115, United States

2 Texas A&M University, Teaching, Learning Culture,
College Station, TX 77843, United States

3Texas A&M University, Civil Engineering, College
Station, TX 77843, United States

4Texas A&M University, Biological and Agricultural
Engineering, College Station, TX 77843, United
States

5Texas A&M University, Landscape Architecture and
Urban Planning, College Station, TX 77843, United
States

6 Texas A&M University, Information Technology in
Science (ITS) Center for Teaching and Learning,
College Station, TX 77843, United States

The ITS Center for Teaching and Learning is a five-
year NSF-funded collaborative effort to engage scien-
tists and university and school or district-based sci-
ence educators in the use of information technology
to improve science teaching and learning at all lev-
els. One assumption is that science and mathematics
teaching and learning will be improved when they be-
come more connected to the authentic science research
done in field settings or laboratories. The effective
use of information technology in science classrooms has
been shown to help achieve this objective. As a design
study that is -working toward a greater understand-
ing of a -learning ecology”, the research related to the
creation and refinement of the ITS Centerés collabora-
tive environment for professional development is con-
tributing information about an important setting not
often included in the descriptions of professional de-
velopment, a setting that incorporates distributed ex-
pertise and resulting distributed growth in the vari-
ous categories of participants: scientists, science gradu-
ate students, education researchers, education graduate
students, and master teachers. Design-based research
is an emerging paradigm for the study of learning in
context through the systematic design and study of in-
structional strategies and tools. This presentation will
discuss the results of the formative evaluation process
that has moved the ITS Centerés collaborative environ-
ment for professional development through the iterative
process from Phase I (the planned program designed
in-house) to Phase II (the experimental program be-
ing tested in-house). In particular, we will focus on
the development of the ITS Centerés Project Teams,
which create learning experiences over two summers
focused on the exploration of science, technology, en-
gineering or mathematics (STEM) topics through the
use of modeling, visualization and complex data sets
to explore authentic scientific questions that can be
integrated within the K-16 curriculum. Ongoing for-
mative assessment of the Cohort I project teams led
to a greater emphasis on participant exploration of au-
thentic scientific questions and tighter integration of
scientific explorations and development of participant
inquiry projects.

URL: http://its.tamu.edu/
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A Curriculum for a Three Year High
School Science Research Program

Frank Darytichenl (732-602-8557;
frank.darytichen@woodbridge.k12.nj.us)

James Danchl! (732-602-8557; sciencejd@aol.com)

1Woddbirdge Township School District, Box 428
School Street, Soodbridge, NJ 07095, United States

A three-year high school science research program
has been taught in Woodbridge Township School Dis-
trict - Woodbridge, New Jersey, since 1987. The

program’s focus is to foster originial science research
projects for high school students that have shown an
aptitude and an interest in science. Students are in-
structed in basic research skills, including developing
and conducting original research projects, statistical
analysis, scientific writing, and presentation of research
at local and national symposia, and science fairs. Upon
completion of the third year all students are required
to submit a paper, suitable for journal publication, de-
tailing their research. Participating students have gone
on to win awards with Westinghouse, Intel, The Na-
tional Junior Science and Humanities Symposium, the
International Science and Engineering Fair, New Jer-
sey Academy of Sciences, and local and regional science
fairs and symposia. Participating teachers have been
recoginized by the Sigma Xi Research Society of Rut-

gers University for excellence in science teaching. New
Jersey awarded the curriulum a Best Practice Award
for 2003. Goals and strategies of the curriculum are de-
tailed in a guide written for the courses. Professional
development for the courses and resources for mentor-
ing programs are the responsibility of the District Sci-
ence Supervisor, and have been fostered over the years
with the assistance of local colleges and universities in-
cluding Rutgers Univesity, Monmouth University, Uni-
versity of Medicine and Dentistry of New Jersey, Lib-
erty Science Center of New Jersey’s Partners in Science
Program, as well as local industries including Hatco
Corporation, Merck Corporation, Englehard Corpora-
tion, and Lucent Technologies. Science Research teach-
ers have conducted developmental workshops for school
districts interested in implementing similar curricula.
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