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i eating against one's will is injurious to the health, so study without a liking for it
nory, and it retains nothing it takes in." This quote js attributed to Leonardo da
irticularly appropriate in modern K-12 science education, especially at the grade 5-

ne is interested in something -- this is the assumption behind the Science by
‘oach of the Center for Integrated Science Education (CISE) at the University of

pose to develop experimental science kits based on a topic of major interest to most
»opulations: music. An interest-based approach to science facilitates the

the student in topics and activities in which they are already interested and makes it
itforward to increase their interest spectrum. We will connect their music interests
:nces, mathematics, and technology.

develop a Labless Lab in Science and Music at the advanced jr. high and first year
:L, incorporating the students' background in mathematics and life and physical

ioal is to have them discover that there are very close relationships and interactions
and the sciences, and that they can build on their music interests and skills in
expanding their science and technology interests and skills.

2 Years.
Direct Cost $110,000
Institution Match $25,000

:view the science content of current products and educational materials related to

I, hobbies, and other activities and assess the potential of a music based science kit
iterest in science and related professions among students who are initially

he sciences.

tamine the role of music in science museums and centers by working through the
>iation for Museums and the Association of Science and Technology Centers.




3) To research and establish the available connections and extensions between music and
the various sciences by identifying a set of appropriate books and models with which to
demonstrate and expand these connections.

4) To develop a set of experimental music activities which amplify and unravel the
connections and extensions between music and the sciences (Figure 1).

5) To develop a personal Labless Lab in Science Through Music.

6) To test the Labless Lab in Science Through Music in a limited high school population
and in an adult night school population.
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Figure 1: Diagram showing connections and topics relating music and science.

Significance:

Considerable concern has been expressed in the past decade about the growing disinterest
in science studies and careers among high school students (1,2). Despite an increasing number of
programs designed to interest students in the sciences, there has been little concerted effort to
directly address the very populations which express considerable disinterest in the sciences.

Our Science by Seduction approach is based in large part on Gardner's Theory of Multiple
Intelligences (3, 15). The approach accepts the fact that different segments of the population have
different aptitudes and interests. Rather than ignoring or trying to change this, we have developed
and built courses and workshops based on that very concept. (12,13).

There is a great deal of science in music and many famous scientists have been
accomplished musicians. Leonardo da Vinci also provides an excellent example of an individual
with incredible accomplishments and skills in the arts, the sciences, engineering and technology,
and music (having invented and performed on his own unique musical instruments).
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) ."EF, m_.o 8.:3 right vs, left 55.: model, often employed to “explain” or rationalize the
: _rm m:.z.qn...,; and aptitudes of varions individuals, is well analyzed by Shlain (4), who
conc g F i :
ﬁ..E_hm_.Mn SMP.,._ :E. the true goal of nn_.:cu_.___z ought to be to show students how they can indeed

) Sizc and connect their right and left brain to achieve enhanced levels of creativity
productivity. G
bt Ewwﬂfﬂﬂwﬂzﬁ :vﬂ m“ﬂo:m_: study, They're Nor Dumb —- They're Different (14), showed

lat Art : 5 5 are not necessarily disinterested in the science ey are
off by r“.vaa..a science presentation and teaching methods ) e
o E_ﬁwwu«w%ﬂ.m_.__m hummnﬂwman_m with interests and aptitudes in music and enhance and expand

E SCIENCE - Aot as a substitute for their interest j i :
enhancement of that interest, and i ic ski R e e e
¢ i to apply their music skills, modes of thinki ivil
oo amiigt-oh iy y " mus} » modes of thinking, and creativity o
nces. ) produce groups of individuals with enhanced levels ivity :

i 2 Cxpect| 2 g evels of creativity and
Mmurqﬂwwnﬂ:«ﬂ“m wm.nwa.naaw“.:hﬂnuaﬁ_ argues strongly and persuasively for an integr ted
b, F:r.nm:...u_ It is also important that at least some subset of the population go

Y report and consider an integrated approach to education in general (15)
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I Years ago, had little interest in the ans. R is wif:
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| 3 h lealing with primary colors, he sti j i i
e e e alm 3 5, he still enjoys listening to
H.::w_mm,hw_.__n__q.sh&.,ME,,;EE:U_ made some limited, but futile, attempts at producing ar Emm_ the
. ?&..umq.é m.ﬂ . _Hw_q H,c,.aﬁ:ﬁ_rqmwa Science Education in 1992, and the realization and adoption
<ULl 5 goals and guidelines, Joe began to develop 4 set of oo nd s s ;
o e Ui 3 g evelop a set of courses and workshops
= rvr. ;nmc__q »h_vﬁﬂ_..m_maﬁ,u.aﬁ teachers, called Integrated Science Concepts and Themes u.._u_
By Svﬁn_,&m ﬂaﬂ:ﬂﬂ?svm_ he H.nu_ zed the importance of inducing previously %.n::ﬂn,.v.:.g
il OWn personal interests to the sciences. In worki i s .
st et . T . 0 e8. In working with elementary
Solat :“._uw H”__._.“Mra:w_:.a :.\2 F:,.z really _an,_.,r.m; them are the things that they would rather be
bt dar o ¢ doing anything at E._. Some of those topics include: man_mnmzm cooking,
ong of :__.,rﬁ i .”3_ a—x,m.? Mm_:nm, Sex, music, and art, as well as many others. We _:_..‘_., adopt r,_
DI 0se interesis for this IMD proposal: musi, e 10 add e ofl o
proposals and activities, = R R e pens i orkse Ve
Orest Sy ofi F ics, i
_,E::E_ﬂ:”::_ %rww;ﬂﬂi Of Physics, is an expert on teaching science and technology
— r.rm::. s S1€. He Is recognized as one of the outstanding teachers on campus and has
Zigmund ?mncn.r.:,_,,.:o: ‘:E;n. The Physics of Hi-Fi," for the last 17 years Together .s,__._: Z_H..
o .:r- ww%c:o_.,_cr.aaa«:u:: for the Department of Physics, they have put 1 sgether
avi o P s o =0 . . g iy :
S5 Wi hwcuwm“\,, rdssn.f:u:cn# and experiments for this course, including a strong rmmn,.r
it ( J.S.Scann:_. Both Dr. Symko and Mr. Peacock will be part of the t :
rUSv?__ﬂ:_w and implementing a Labless Lab in Science Through Musi b
r. Paul Wheele ess [ CLri ‘ngi i i
G m” J:rﬂ_.r.ﬁ.. _u_:.u,:,_éq of m_nc:cﬁ. Engineering at Utah State University in Logan
vears. He will ..M?F acouslics, has been teaching courses on science through music for ,_.....«_mn_.._,_
: ..E,..L.: ol ,._:_ :“_ mw%__.._.wﬁ._ sor/consultant. Dr, Wheeler has almost m_._E_n.:_,_Emma:.am«_n_c.?.._
PR Eractive science muscum in Logan, Utah, The Discovery (e which i
very well represented in sound and music activities 1 e e
Andra ! B v in i
e :..”m_mmm:_ﬂﬂ_ n._“a WB_S; have been involved in the design and development of
A AT s for local museums in the Salt Lake City area. ; o
Brokios 6 o o sk seu e Sa e City area, including the Leons
= _mn__z e .:.:L._.E_.:ﬁ science center now in the advanced development phase s_rw._: ”:m_w“ 3
: £ throughout the state of Utah during its centennial year, 1996 B

_“
!
i

In addition, we expect to involve Dr. R. Duncan Hines of the Department of Cognative
Sciences, University of California, Irvine. Dr. Hines has also taught science through music and is
the author of the recent book, Sound and Hearing: A Conceptual Approach. His interest is more
in the area of the theoretical underpinnings of sound, music, and their connections to science, rather
than in hands-on activities, and serves to complement and enhance the interests and skills of the
Utah group.

Dr. Magdy Iskander, Professor of Electrical Engineering and the Director of the Center for
Computer Applications in Engineering Education, will be involved in the part of the project related
to the development of a CD containing the sound and audio components, which will be important
cal to the Labless Lab kit, Dr, Iskander’s laboratory is fully equiped to produce CD

and even ¢
ROMS.
Twao project managers from CISE will be directly responsible for organizing and
implementing the project. Mary McDonald, Manager of CISE, edits the Explore! newsletter and
serves on the Program Planning Committee for Leonardo on Wheels, a local traveling science/arts
center. She has participated both as a student and teaching assislant in science exhibit courses.
Recently, CISE and the Utah Girl Scout Council were selected to be a National Science Partnership
site to foster increased female participation in the sciences. As part of that project, Mary will
involve the Girl Scouts in the development and presentation of innovative exhibit projects for
Leonardo on Wheels. Her expertise is in science content development.

Rachel Gerson recently joined CISE. She has a Masters of Arts in Education from
Stanford University with a specialization in curriculum development and teacher education. She
has worked closely with Dr. Mike Atkin, professor at Stanford, in informal science education and
programs for teacher outreach. Rachel has teaching experience on the Zuni Indian Reservation in
New Mexico and the Keystone Science School in Colorado.

The Center for Integrated Science Education has embarked on a major effort to develop
interest-based science courses for the university undergraduate population. Joe is now teaching a
two quarter liberal arts course, Science Without Walls: Science for the Science R an
interest-based approach. He also gives workshops regularly for elementary teachers which are
based on the teacher's personal interests {12).

CISE consists of an Executive Committee representing each basic
the College of Science, the College of Engineering, the Graduate School of Education, and the
College of Earth and Mineral Sciences, as well as the informal science education museum
community. Joe Dickinson, Professor of Biology, serves as Co-Director of CISE. We have
close coordination with other education and outreach activities throughout the campas.

CISE's Leonardo Laboratory, directed by Mr. James Biggs, will also be involved. This is
a hands-on, projects-based laboratory in which t waorkshops are held and which is fully
equiped for the design, development, and proto-typing of interactive hands-on exhibits and

activities, including the ultra-miniature versions of those which will become the Labless Lab in

Science Through Music.

cience department in

Experimental Design and Methods (in order of Specific Aims):

Task I) will be conducted largely through exhibits, shows, and workshops at the major science,
s, and music educational conferences, e.g., the National Science Teachers Association (NSTA),
the National Music Educator’s Association annual meetings. We will survey the existing music
and science education communities with respect to their responsiveness and interest in inlerest-

based science.

Task 2) will involve the staff and program committee of the Utah Science/An Center Project,
which is planning and building a major hand-on science/ans center in Salt Lake City. We will also
involve other members of the Association for Science and Technology Centers (ASTC). There are



a number of museums which are starting to draw connections between the sciences and the ars,
including the Exploratoriom in San Francisco (8,16) and a new science center in Albuquerque,
New Mexico. Other science centers with strong music exhibits and components include The
Franklin Institute in Philadelphia, the Ontario Science Center in Toronto, and many others. Indeed,
every major hands-on.science center has a music, sound, and hearing component, It is important
to note that the Labless Lab in Science Through Music will not simply miniaturize and duplicate
these existing activities and experiences, but rather will attempt to more effectively connect the
observations and experiments to basic science concepts and understanding. In this task we will
identify the museum/science center groups, make contact with them, and begin to involve them as
advisors in this project,

Task 3) We will also work closely with the authors of books and materials who have developed
such connections and who have developed science courses for non science students using an
interest-based approach (5,8,23).

A very new "book” called The Music Pack (21) is an interactive, pop-up book which
includes a 75 minute CD and a variety of hands-on activities. The goal is to teach music and
musical appreciation, not science. The Music Pack serves as a very good example or guide as to
what can be accomplished, however, in a small labless lab format.

Another good example is the Klutz Press Explorabook (22), which can be found in almost
any children's bookstore or science museum gift shop. Although the emphasis on this book is on
optics and other topics, rather than sound and music, it serves as an excellent example of what is
possible.

A local company, Protein Solutions, Inc. (PSI), is developing a sct of Labless Labs®
Their first one is Polymer Materials Science in which all of the materials, apparati, and information
needed to discover all of the major concepts, principles, and laws of modem polymer materials
science, is incorporated in a small, personal laboratory, designed to sell for about $50, together
with a companion textbook. PSI has an interest in our personal lab in science and music and will
provide input and advice upon request

Task 4) We propose to magnify the science interests of disinterested students by fully developing
a music-based approach to the sciences through creating music and science educational kits for
hands-on learning.

There is absolutely no problem in connecting music to the physical sciences — the physics
of waves, sound generation, acoustics, sound transmission, the synthesis of sound, and its
production are all popular and well developed topics (Figure 1)

The connection to the biological sciences will also be developed through the sense of
hearing itself: the mechanism of hearing, hearing disorders, the threshold of pain or of hearing
damage -- all are very popular topics, as well as the generation of sound by other members of the
animal kingdom, the exquisite versatility of the human voice, the anatomy and physiology of the
human vocal system, the repair of hearing defects, the diversity and beauty of bird calls, the entire
sensory ecology and sensory physiology of the various species and their predators (5,6).

We will develop these connections by working our way through fundamental junior high
and high school textbooks and using that which ties music, sound, and hearing to the disciplines of
biology, chemistry, and physics.

Putting all of this into a kit is a bit more challenging. This will involve recording capability
sound and music analysis capability, and a number of simple tools and activitics, including tuning
tks, simple instruments, bird calls, etc. This will all be presented in the full proposal.

Evaluation, Assessment, and Dissemination:

The evaluation and assessment of this project will occur in three stages. First, the front-end
evaluation will identify current classroom instruction and methods used to teach science. During
the formative evaluation, the materials and activities developed will be prototyped and critiqued by
the teachers and project staff. The summative stage will assess and document the overall
effectiveness of the components of the project.

The CISE staff interacts with science educators from various organizations, CISE wi
discuss the experiences, progress and assessment of the project with those organizations. A
summary report of the project will be available for distribution. Interactive workshops that
demanstrate the project fundamentals will be presented at regional and national conferences, CISE
presents at the National Science Teachers Association (NSTA) conferences, as well as selected
professional science conferences.

Budget:

We anticipate a budget of $110,000 in dircct costs over 2 vears. The institution will
provide a major salary match and other resources
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