Introduction
DanceScienceFest is a project from Weber State University. Weber State University
professors Erik Stern and Adam Johnston collaborated with WSU students to create a
45-minute, multifaceted dance performance, A Body in Motion. The performance
reached over 3,000 students and teachers as well as general audiences in Utah. As the
performance was choreographed and rehearsed, Adam, Erik and the WSU students also
took the concepts and exploratory spirit of the performance and devised ways for
students and their teachers to experiment with dance and physics in order to explore
parallels and connections between art and science.

Paper was used to create choreography and to explore
core ideas of science at the same time.

As we worked (and continue to work) on ways to bring movement and science together
we’ve developed resources on our webpage:
dancesciencefest.org
You can pull up other details about the project there, including video clips, photos, a
science guide, outlines of our workshops, etc. You can also subscribe to the blog that
provides occasional news and other material. Perhaps the most useful component of
these are the Lesson Prompts – suggestions for how to use movement in the context of
science, and vice versa. Each of these includes a place for you to contribute your own
ideas and questions, which we welcome.
For us, a simple, key place to start is to think about how science and the arts compare
and contrast, overlap or diverge. What do people who study motion (physicists) and
people who practice motion (dancers) have in common? The classrooms for the dancers
and physicists certainly look very different: rows of desks or laboratory tables with
instruments; or a big open room with mirrors, a sound system and a sprung floor.
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Look closer, and they might not seem so different. Let’s try a little thought experiment
about dance and physics:
•

Which one involves experimenting with how objects move?

•

Which one involves becoming familiar with forces, and seeks to understand
how those forces behave?

•

Which one tries to organize information to clarify meaning?

•

Which one cares about order?

•

Which one cares about elegance?

•

Which one looks for patterns?

•

Which one involves critical thinking?

•

Which one involves making notes and keeping track of where an idea is
going, how it’s developing?

•

Which one is about sharing with others the results of their work?

•

Which one requires creativity in solving problems?

The premise of DanceScienceFest workshops is that the two disciplines reinforce and
share fundamental thinking: creating a dance requires simultaneous problem solving on
spatial, kinesiological and technical levels, with an eye toward design elements,
meaning, and the evolving nature of the creative process. These skills correspond with
the planning of a research study to investigate something as simple as the nature of
matter and its underlying patterns, an endeavor that could require an understanding of
engineering, design, conceptual models to be tested, and the wherewithal to
coordinate these elements. In other words, science and art are more than boxes for
organizing some of what we know about the world and our culture; they are ways of
thinking that lead to rich and powerful endeavors. They represent some of the best
outcomes that we could hope for in our educational system.
Scientists don’t only rely on data they collect; they also try to get firsthand experience in
order to develop a feel for how things behave. Dancers and choreographers have to
break things down into basic elements to analyze what they are sensing. Both the
scientist and the dancer develop intuition. Both collect information. Both need to pay
attention to safety with their experiments.
These workshops use accessible activities with props such as a sheet of paper, a
pendulum, or simply students’ own bodies in counter-balance exercises to get at
fundamental scientific principles such as structure, patterns, timing, motion, matter,
system, forces, energy, and design. Along with practices that are common in both
science and the arts, these concepts are highlighted as critical standards in documents
such as the National Research Council’s A Framework for K-12 Science Education, the
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basis for Next Generation Science Standards (nextgenscience.org) and other reforms in
science education, including those being drafted in Utah.

Ninth grade science students working with WSU dancers to develop movement they created.

Science & Dance Core Standards
Utah is in the process of drafting new science and engineering standards, first for
grades 6-8 and later for grades K-5 and high school. While details of where certain
topics will be seen and the depth with which they will be covered could change, the
fundamental principles that are important to all grades and all science disciplines:
• Cause and Effect: Relationships between forces and motion
• Modeling and Systems: Matter (air) is composed of particles
• Structure and Function: The nature of the paper and the dancer determine
motion
• Designing investigations and solving problems: Exercises in choreography and
“machine” building
• Patterns, Analyzing Data, and Computational Thinking: Examining relationships
between the timing of a pendulum’s swing and its length, as well as
relationships between human movement and timing
• Communication: How do we describe what we observe using words; and how
can scientific processes be explained or better understood using movement?
Below are some of the science and dance concepts the three activities in this workshop
connect to. You may see other connections as well:
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Science Concepts
3rd Grade
Forces cause changes in motion
Gravity is a force that acts on all objects

7th Grade
Structure and properties of matter
Particle motion of matter

4th Grade
Matter cycles and changes
Air acts on and interacts with other objects

8th Grade
Physical properties of matter
Weathering processes
Modeling of wave patterns and energy
transfer
Relationships between force and motion
Gravity as a force acting on all objects
Engineering and design principles

5th Grade
Matter and its physical properties
Forces shaping Earth’s surface
6th Grade
Describing relative motion between objects
Describing forces
Modeling of wave patterns and transfer of
energy

Dance Concepts
3rd Grade
Standard 1
The student will identify and safely
demonstrate knowledge of the body and
movement skills in performing dance.
Standard 3
The student will improvise, create, perform,
and respond to movement solutions in the
art form of dance

Workshop materials: dancesciencefest.org
© Adam Johnston & Erik Stern (2016)

6th Grade
Standard 1
The student will identify and demonstrate
knowledge of the body and movement skills
in performing dance.
Standard 3
The student will improvise, create, perform,
and respond to movement solutions in the
art form of dance
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Rationale
Broadening how concepts and processes of science are taught and shared can have an
influence on attitudes and outcomes, particularly with underrepresented groups
(Clewell, Anderson, and Thorpe, 1992). One method often cited is the creative arts,
both through viewing performances and participation. The physical, social, creative, and
experiential possibilities for the arts allow multiple access points to retaining the
material. More popular but no less persuasive examples are Brian Jones’ article
“Teaching is a Performing Art” at the American Physical Society Sites and The “Dance
your Ph.D” Contest (http://gonzolabs.org/dance/) that reveal the accessibility and
stimulation of art-science connections. Science, along with the complements of
Technology, Engineering and Mathematics (STEM fields) are being re-emphasized to
coincide with calls for better workforce preparation and economic drivers. Arts
education, while sometimes unfortunately shadowed by a push for STEM, is
acknowledged for the integration it can provide in education, both as a means to
develop modes of expression and creativity and as valuable ways to develop
collaboration and critical thinking skills.
Far from being in competition with one another, science and art reinforce and share
fundamental thinking. Rather than present physics and dance separately, our goal is to
reveal ways in which they overlap, complement one another, and share practices. This
provides us with an example to give to schools, teachers, and the general public. It
provides us with an example of art-science integration that we want to represent to our
own students and to develop for ourselves.

Overview of Three Activities – the role of experiri in learning
Each activity begins with accessible movement exploration – keeping a sheet of paper
on your hand while moving but without grabbing it, matching the timing of a pendulum
with a movement, counterbalancing with a partner. Each activity challenges participants
to “think on their feet” by clarifying movements, seeing how far they can push them
(safely, that is), and looking for principles that govern the motion they are creating,
principles such as force, energy, pattern, and system.
When we were creating the DanceScienceFest performance and workshops, we
stumbled on the Latin word for “to try or test”: Experiri. This word that gave rise to
“experience” and “experiment” became our motto, our rallying cry; it best
encapsulates our goal of designing activities that get students (college and K-12) seeing
and doing physics and dance in ways that allow them to discuss, read, write and create
in order to process the cross-curricular, artistic, collaborative and outreach goals and
outcomes of the year.
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In a sense, the motions are experiments that offer a firm basis of experience. These
experiences give students a concrete perception to connect to concepts. Beginning
with experience, rather than vocabulary, can serve to level the classroom playing field
by making sure students aren’t left behind right off the bat. While teaching vocabulary
and concepts is key to learning and is an essential part of a teachers’ job, basing a
lesson on a shared reference point can help make sure a greater percentage of students
are connecting those vocabulary and concepts to clear, memorable actions. Experiri!

Presenter Background
Adam Johnston (ajohnston@weber.edu)
Professor of Physics, Weber State University
• Brady Presidential Distinguished Professor, Weber State University (2013)
• Governor’s (UT) Medal for Science and Technology, Science Education category (2012)
• Course development and instruction in physics, multidisciplinary science, and science
education, including teacher workshops and K-12 students.
• Creation, organization, and documentation of Science Education at the Crossroads
(http://www.sciedxroads.org), an interactive, reform minded conference
• Associate Director for Science Teacher Education, Center for Science and Math Education
• Research in science misconceptions, learning strategies, and conceptual change in
undergraduate learners and teachers.
• Outreach in science education, including summer parks programs
(http://scienceintheparks.org), visits to schools, and service in teacher professional
development.
Erik Stern (estern@weber.edu)
Professor, Performing Arts, Weber State University
• Designated Teaching Artist, John F. Kennedy Center for the Performing Arts (2003-present)
• Endowed Artist of the College of Arts & Humanities (1999-2002)
• Professional choreographer/teacher touring internationally revealing the connections between
mathematics and dance
• Honors Program Director (2012-13)
• Director of Pattern Play: Creative Arts & Mathematics, course and research project on enriched
approaches to teaching mathematics
• Created and toured ten interdisciplinary Moving Company outreach shows to over 10,000
Northern Utah K-12 students
• Co-author, “Math Dance with Dr. Schaffer and Mr. Stern Dance Ensemble”
• Co-director, Dr. Schaffer and Mr. Stern Dance Ensemble
• Keynote address at dozens of mathematics, education, and dance conferences
• Fall 2013 performance at the Museum of Mathematics (MoMath) in Manhattan, N.Y.
• See his TEDx Manhattan Beach Talk (with Karl Schaffer)
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In these activities, students are not expected to have dance experience, nor are they
necessarily expected to use dance vocabulary (although that would contribute to the
results). The goal is to increase the level of physical engagement. This means moving
bigger, with more accuracy, with increasing control, and with clarity of energy. Students
with injuries, who are shy, or who have special needs, will be able to do the exercises,
since they are about working within the parameters given. This means a student could
draw on ballet, modern dance, soccer, street dance, basketball, or any other activity they
are interested in so long as they are safe. We find students need to be encouraged to
bend their legs more, or extend into space. That is one of the benefits of moving with
paper. Since it relies on air resistance, covering more ground facilitates the goal of keep
the paper pressing against one’s hand, and that means traveling, bending legs, and
engaging core muscles. Dancers and non-dancers alike can find challenges in these
activities. – Adapted from Karl Schaffer and Erik Stern
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