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Preface

This book is intended to be a practical resource for introductory astronomy
instructors, many of whom have received no formal training in teaching and
learning. Astronomy is one of the most popular subjects for non-science majors,
and it often represents their last formal exposure to science. Introductory astronomy
classes therefore play a critical role in science literacy, as well as informing a broad
audience about the dramatic recent progress in our understanding of the universe.
Our intention is to provide information and resources for instructors who will be
teaching for the first time or those who want to add to their toolkits and improve
their students’ learning. The book’s authors are all experienced astronomy education
researchers, instructors, curriculum designers, instructional designers, and profes-
sional development specialists who work in the field and share their insights with the
reader.

Many books exist on implementing better teaching and learning practices in
education and science in general; this one is intended for a specific audience of
undergraduate astronomy instructors. It provides examples, resources, and advice
for astronomy specifically. The goal is to acquaint instructors with teaching methods
that are validated by research, and to include tools that go far beyond the
traditional, passive model of an instructor delivering a lecture. Topics include
learner-centered practices, designing effective courses by thinking about goals, using
different astronomy curricula, online resources and visualizations, ideas for utilizing
the planetarium, engaging students in astronomical research and citizen science
projects, advice for teaching at community colleges, and making your courses more
inclusive to all students. Thanks to the ebook format, each chapter has links to
online instructional resources as well as references to the education research
literature.

xi
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Catherine Pilachowski holds the Daniel Kirkwood Chair in Astronomy at Indiana
University Bloomington. She incorporates aspects of the RBSE curriculum into her
courses for non-science majors to engage students in the excitement of astronomy
and to improve student learning.

Julia Plummer, an Associate Professor at Pennsylvania State University, has a
combined PhD in Astronomy and Education from the University of Michigan. She
has spent more than a decade teaching children and adults in the planetarium and
other informal settings. Her research focuses on how embodied cognition and
embodied design support spatial thinking in astronomy, as well as the role of
informal settings in engaging young children in science practices through astronomy.

Edward E. Prather is a Professor in the Department of Astronomy, at the University
of Arizona (UA). Ed is the Executive Director of the Center for Astronomy
Education (CAE) at UA. His research focuses on investigating the teaching and
learning of topics in STEM. Ed and his collaborators have conducted numerous
research studies to uncover students’ conceptual, reasoning, and problem-solving
difficulties over a wide array of physical science topics taught in astronomy,
astrobiology, physics, geoscience, and planetary science. The results from these
studies have informed the development of innovative active-learning instructional
strategies shown to intellectually engage learners and significantly improve their
understandings, problem-solving abilities and self-efficacy related to learning about
science. Additional efforts have focused on the development of classroom assess-
ment tools, educational technologies, and public outreach activities. Ed has also led
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the development of a variety of education materials in support of several NASA-
and NSF-funded science missions. Dissemination of this work has been provided
through industry-leading active-learning professional development workshops that
have reached thousands of science educators around the world.

Andrew W. Puckett is an Associate Professor of Physics and Astronomy at
Columbus State University. He is co-discoverer of more than 40 minor planets in
our solar system. Since 2005, he has been designing observing projects in asteroid
orbit refinement for students from high school to undergraduate level. Andy also
develops software to support such projects, including the Polaris and OrbitMaster
programs described in this book.

Travis A. Rector is a Professor of Physics and Astronomy at the University of
Alaska Anchorage. For the last 20 years, he has been developing curriculum
designed to engage students in authentic research experiences in astronomy. He
was a co-developer of the RBSE program at the National Optical Astronomy
Observatory.

Philip Rosenfield was a recent director of the WorldWide Telescope program for the
American Astronomical Society. Previously, he was an NSF Astronomy and
Astrophysics Postdoctoral Fellow at the Center for Astrophysics | Harvard &
Smithsonian where he used data from the Hubble Space Telescope to constrain, in a
fully probabilistic framework, uncertain physics in stellar evolution models. He
earned a PhD in Astronomy from the University of Washington. He has taught
astronomy, science communication, science teaching pedagogy, and software
engineering skills to scientists, and has been deeply involved in inclusion and equity
programming.

Philip Sadler is the Director of the Science Education Department at the Center for
Astrophysics | Harvard & Smithsonian, and he is Harvard’s F.W. Wright Senior
Lecturer in Astronomy. In 1977, he invented Starlab, the first practical portable
planetarium, now used throughout the world. His current research interests include
assessment of students’ misconceptions and how they change with instruction, the
transition to college of students who wish to pursue STEM careers, and the
professional development of science teachers. Dr. Sadler has won the Journal of
Research in Science Teaching Award, the AIP’s Computers in Physics Prize, the
American Astronomical Society Education Prize, and the American Association of
Physics Teachers’ Millikan Medal.

Wayne Schlingman is the director of the Arne Slettebak Planetarium at The Ohio
State University. He completed his graduate work at the University of Arizona and
then went on to work at the University of Colorado Boulder as a Science Teaching
Fellow working with the non-science-major introductory astronomy classes, creat-
ing and adapting activities for in-class recitations. While at Colorado, he also
worked with the staff and students of the newly remodeled Fiske Planetarium,
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encouraging the use of active-engagement learner-centered instructional strategies in
public talks. While at OSU, he has continued this work as well as developed
partnerships between many disciplinary programs, from Earth science, chemistry,
art, music, optometry, and more.

Christine Shupla manages the Lunar and Planetary Institute (LPI) Education and
Public Engagement staff, assisting with all of the program efforts. She joined the LPI
education team in 2005 October after many years in the planetarium field and has
led a variety of its programs, including professional development and materials
development for out-of-school-time programmers, librarians, teachers, and informal
science educators. She leads LPI’s scientist engagement efforts, providing profes-
sional development and resources to assist planetary scientists in their efforts to
share their science with public audiences. She holds a Bachelor of Arts in Astronomy
from the University of Texas in Austin, and a Master of Arts in Curriculum &
Instruction from the University of North Carolina at Chapel Hill.

Angela Speck is an astrophysicist who recently left the University of Missouri after
17 years. She was a Professor and the Director of Astronomy, and built the MU
astronomy program starting with her arrival at MU. She is now the Chair of the
Physics & Astronomy Department at UT-San Antonio, where she is looking
forward to combining her passions for science, communication, and social justice
work. Dr. Speck’s academic career exemplifies the idea that there should be a strong
synergy between the research, teaching, and service components for any faculty
member. She is originally from Yorkshire (England), has a doctorate in Astronomy
from University College London, and was named after the iconic Angela Davis.

Mark SubbaRao, is an astronomer and Director of the Space Visualization
Laboratory at the Adler Planetarium and President of the International
Planetarium Society. His area of research is cosmology, particularly the large-scale
structure of the Universe. He was a builder of the Sloan Digital Sky Survey, which
produced a 3D map of over one million galaxies. Dr. SubbaRao utilizes the
capabilities of the Adler’s immersive theaters in his scientific visualization work.

Susan E. Sunbury is an Educational Researcher in the Science Education Department
of the Center for Astrophysics | Harvard & Smithsonian with more than 20 years of
experience in the development and facilitation of formal and informal educational
programs as well as extensive experience researching and evaluating curriculum
projects. Additionally, she taught for seven years in elementary- and middle-school
science classrooms and has taught science education courses at three universities.

Laura Trouille is co-PI for Zooniverse and Vice President of Citizen Science at the
Adler Planetarium, where she leads the Adler–Zooniverse web development and
Teen Programs teams. She is also a Research Associate at Northwestern University.
While earning her PhD in Astrophysics, she also earned the Center for the
Integration of Research, Teaching and Learning (CIRTL) Delta certificate for

Astronomy Education, Volume 1

xx



STEM education research. As a Northwestern University CIERA Postdoctoral
Fellow, she continued her supermassive black hole research as well as helped lead
the Computational Thinking in STEM project, bringing computational thinking
and modeling curricular materials to high school science and math teachers.

Patricia Udomprasert is Project Director for the WorldWide Telescope Ambassadors
Program at Harvard University. Her interests include science education research on
technology in classrooms and development of innovative curricula involving the use of
rich 3D visualizations to support spatial thinking and modeling of complex phenom-
ena. She holds a PhD in Astronomy from Caltech and formerly taught high school
astronomy, physics, and math.

Nicole P. Vogt is an affiliate professor of astronomy at New Mexico State
University. Her General Education Astronomy Resource (GEAS) projects include
an adaptive online tutor, laboratory exercises suitable for both traditional and
distance learners, and short films highlighting diverse members of underrepresented
groups in astronomy. She develops applications for analysis of telescope images and
spectra, and leads small-group workshops to support instructor usage.

Colin S. Wallace is a Teaching Assistant Professor in the Department of Physics and
Astronomy at the University of North Carolina at Chapel Hill. He earned his PhD
in Astrophysical and Planetary Sciences in 2011 from the University of Colorado
Boulder. Before coming to UNC-Chapel Hill, he did a three-year postdoc at the
Center for Astronomy Education (CAE) at the University of Arizona. His scholarly
work focuses on astronomy and physics education research.

Matthew Wenger is an education program manager at Steward Observatory at the
University of Arizona. He develops and teaches online astronomy classes and
conducts research on student learning in different astronomy courses. His research
interests also include free-choice and informal learning contexts. He previously was
an educator for informal programs at the Adler Planetarium and a graduate
associate at the Flandrau Planetarium and Science Center at the University of
Arizona.

Michelle M. Wooten is a postdoctoral scholar in physics education at Michigan
State University. In addition to studying the impact of curricular interventions in
secondary and postsecondary science learning contexts, Michelle studies methodo-
logical approaches used toward the study of science learning, including their
historical formulations and effects.

Curtis Wong retired from a 35 year career at the intersection of media, arts,
technology, public broadcasting, astronomy, and education to eventually build the
WorldWide Telescope with Jonathan Fay at Microsoft. His collaboration with PBS
produced innovative programs that redefined the nature of television and have been
recognized with awards, including the British Academy Award, Emmy, and Webby

Astronomy Education, Volume 1

xxi



nominations for innovative programs. He currently works with some of the top
Leonardo da Vinci scholars around the world to build a translation device to allow
everyone to understand Leonardo da Vinci’s notebooks such as the Codex Leicester.

Erika Wright is an Education Specialist in the Science Education Department at the
Center for Astrophysics | Harvard & Smithsonian. With a Master’s Degree in
Museum Education and nearly 10 years of experience in museums and informal
learning institutions, including the Smithsonian’s National Museum of Natural
History and NASA’s Goddard Visitor Center, she focuses on broadening access to
the STEM community through informal learning opportunities. At the Center for
Astrophysics, she contributes to NASA- and NSF-funded curricula and program-
ming centered around the MicroObservatory Robotic Telescopes and WorldWide
Telescope, as well as social media and science communication efforts for NASA’s
TEMPO Mission.
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