PRINCIPAL INVESTIGATOR:

BUDGET JUSTIFICATION

Using continuation pages if necessary, describe the specific functions of the personnel and consultants. Read the instructio
all costs requested.

The key PSI participants are: R. Scheer, Principle Investigator. Dr. Scheer is the
scientist on the Labless Lab™ product line, a series of experimental kits for university lev
which do not have a regular laboratory component. The Labless Lab™ product line will al
importiant in science and technology telecourses and in the so-called virtual university develo)

Dr. Sheer will be assisted by R. Van Wagenen, who has considerable experience in
optically-based instrumentation and will work principally on the art approach to interest basec

Dr. Phil Triolo is an accomplished jazz musician, as well as a biomedical engineer, v
interdisciplinary experience and interests. He will work principally on the music-based scienc

All three individuals have a strong background in the biological sciences and, worki
with the University of Utah team, will develop the strong biological sciences connection, wi
major goal of this project.

The University of Utah effort will be led by J. Andrade, Co-Director for the Universit
for Integrated Science Education and Program Co-Chair for the Utah Science/Art Center proji
unique Leonardo on Wheels Project. Joe has worked for the past four years with elementar
throughout the state of Utah and developed a set of unique biological science teaching mater
on bioluminescence and marine phytoplankton. He is a bioengineer with nearly 30 years of ¢
and a wide range of areas dealing with medical devices, diagnostic products and biosensors.

He will be assisted by Mr. Paul Dryden, Mary McDonald, the Staff Director of the (
Integrated Science Education, who is obtaining a degree in Informal Science Educati
University of Utah, and Melinda Steadman, who is completing her bachelor studies in Hi
Italian, and has a strong personal interest and experience in Leonardo da Vinci and his contri
art and technology. Mr. James Biggs, a Bioengineering graduate student, and an accomplishe
and artist in his own right, manages the University's unique Leonardo Laboratory, the facilit
many of the studies proposed will be carried out and the implementations tested and evaluated

RESOURCES AND ENVIRONMENT

1. FACILTIES: Describe the facilities to be used and briefly indicate their capacities, pertinent capabilities, N}Iatwﬂ proximity
of availability to the project. Include laboratory, clinical, animal, computer, and ofﬁc_a I’aci_litjes at 'Ihq applicant o:gamznh
performance site listed on the FACE PAGE, and at sites for field studies. Using continuation pages if necessary, include
of any consortium arrangements with other organizations

PSI has 1,200 square feet of research space at 350 West 800 North, Suite 218, Salt L
Utah 84103-1441. Laboratory, computer, and office facilities are adequate for the work prop¢
is a member of the Center for Biopolymers at Interfaces at the University of
State/University/Industry consortium, and as a member has access to specialized laborat
equipment at the University. The equipment is available on a fee for service basis.

2. MAJOR EOUI?M_FNT" List the most important equipment items already available for for this project, noting the location
capabilities of each
Computer, incubator, optical microscope, plasma glow discharge apparatus, necessary
Is available at PSI's facility. SEM and SPS services are to be provided through the Universit
where a goniometer is available for contact angle measurements.

3. ADDITIONAL INFORMATION: Provide any other information describing the environment for the project. Identify support
as consultants, secretarial, machine shop, and electronics shop, and the extent 1o which they will be available to the pre

Surface analysis and SEM are available through the University of Utah.
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Robert J. Scheer
390 Wakara Way, Room 31
Salt Lake City, UT 84112
Ph. (801)585-3128
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UT. Dissertation emphasis: Mechan
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NAME POSTION TITLE T ORGANZATION Ei. S_in Mechanical Engineering, 1989, Duke University, Durham, NC. GPA 3.76
- = T g Emphasis: Fracture mechanics and fallure analysis of polymeric materials.
Scheer | - Research Scientist PSI
Triol | search Scientist PST LUINIVERSITY HONORS COMPUTER SKILLS
Andrade fessor University of Utah National Science Foundation Fellow, Systems: DOS, UNIX
University of Utah Graduate Research Fellow, Langyages: FORTRAN and True Basic (BASIC)
Dean's List Duke University, Academic All American Software: Autocad, Claris Cad, Excel, and Lotus 123
Duke University Magna Cum Laude, Applications (test equipment): MTS, Instron
Scho societies: Tau Beta Pi and Pi Tau Sigma -

PERIENCE

ABSTRACT OF RESEARCH PLAN: State the applicatian's lang-tarm objectives and speciiic aims, making refsrence 1o tha health
relatodness of the project. describe concissly the methodol ogy for achieving these poals, and discuss the potential of the ressarch for
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gical innavation and com cial application. Avoid summaries of past sccomplishmants and the use of the first person r‘rlnclple In\rusligﬂmr

Protein Solutions, Inc. Salt Lake City, UT. 1994 - present. Directed research for the design and
implementation of novel science edocation materials.

of the P work when from the application, Since
overnmant, do not include proprietary information. DO NOT EXCEED

The abstract is meant to serve as a succinct and accurats de: ipt
sbstracts of funded applications may be published by the Federal G

200 WORDS.
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RESEARCH PLAN

A. Specific Aims:

1) To assess the interest, motivations, and aptitude of jr. high, high school, and
undergraduate studenis in the general areas of music and art. This will be accomplished
by discussions with instructors and educators in those areas, by assessment of the books
and other curriculum materials available, including key periodicals in ant and music
education, and by discussions with socio-economic experts who systematically assess
interests and activities of these age groups. This task is the principle responsibility of the
University of Utah Center for Integrated Science Education (CISE), the subcontractor.

2) To review commercial products related to art and music education, hobbies,
and other activities with respect to their science content, and particularly with reference 1o
biology and biotechnology. This will be done by monitoring of activities and trends in art
stores, music stores, hobby stores, museum gift shops, and related outlets. This task will
be performed by Protein Solutions, Inc., the major contractor.

3) To establish the connections and extensions between art and music and the
various sciences, particularly the biological sciences, to identify a set of appropriate books
and models with which to establish and expand these connections, includin g the availability
of existing books, kits, and other materials which develop such connections. This task will
be accomplished by the Center for Integrated Science Education, University of Utah.

4) Working through the American Association for Museums and the Association
of Science and Technology Centers to establish the role of art and music in science
museumns and the role of science (particularly the biological sciences) in art and music
muscums; use this informal education community to develop expanded and enhanced
connections between the various fields. A good example is the Exploratorium, the hands-
on science center in San Francisco, which has a small and active art and music program.
This task will be accomplished primarily by the Center for Integrated Science Education at
the University of Utah in collaboration with the Utah Science/Arts Center and its Leonardo

Project

5) Determine the feasibility of, and begin the development of, a set of popular
experimental music activities which can begin to develop the connections and extensions
with the biological sciences (Figure 1). This will be a joint effort of the Center for
Integrated Science Education and Protein Solutions, Inc.

€) Same as above, but with respect to art and its connections and enhancement
with the sciences. Tasks 5 and 6 will also lean on the connections developed by Leonard
Shlain in his remarkable book, Art and Physics, which draws the parallels and
interconnections between art, music, and the sciences, from the pre-Renaissance (o the
present. Shlain, incidentally, is a physician (4).
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Figure 1: Flow and Connection Diagram for Interest-Based Science

Using Art and Music
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7) Assess the effectiveness of the availability and application of music based
and/or art based biological sciences kits in the development of science interests and
professional goals among students initially uninterested in the biological sciences. This is
indeed the goal of the entire project, but will require the availability of at least prototype
kits, the goal of the Phase I component, During Phase II these prototype kits will continue
1o be developed, tested, and evaluated in appropriate student and general public populations

B. Significance:

There has been considerable concern in the past decade in the growing disinterest in
science studies and careers among high school, college, and university students (1,2).
Although there has been an increasing number of programs designed to interest students in
the sciences, there has been little concerted effort in directly addressing those populations
which express considerable disinterest in the sciences,

The Science by Seduction approach, now being actively pursued in the University
of Utah's Center for Integrated Science Education, is based in large part on Howard
Gardner's Frames of Mind: Theory of Multiple Intelligences (3). Fundamentally, the
approach accepts the fact that different segments of the population have different aptitudes
and interests, and may even be wired differently. Rather than ignoring this fact or trying to
change it, courses and workshops have been developed which build on it (16,17). There is
a great deal of science in music, for example, and many famous scientists have been
outstanding accomplished musicians. Although examples in the arts are not as common,
Leonardo da Vinci is always given as an example of an individual with incredible
accomplishments and skills in the ans, the sciences, and engineeringftechnology

The so called right vs, left brain model, which is often employed to "explain” or
rationalize the different interests and aptitudes of various individuals, was well analyzed by
Shlain (4) concluding in part that the real goal of education ought to be to show students
how they can indeed synthesize or connect their right and left brain to achieve enhanced
levels of creativity and productivity.

Shiela Tobias, in her important study, They're Not Dumb -- They're Different (18),
showed that Arts and Humanities students are not necessarily disinterested in the sciences,
but they are put off by the way the sciences are presented and taught. David Evans,
sometimes called the "father of computer graphics” and former Chairman of the
Department of Computer Science al the University of Utah, and former President of the
Ewvans and Sutherland computer corporation, once said in rationalizing why he took totally
"unprepared” artists into his graduate student program in advanced computer science, "It's
far easier 1o teach engineering to an artist than it is to teach artistic creativity to an engineer.”

We propose 10 take students with interests and aptitudes in the arts and music and
enhance and expand their interests to include science, particularly biological science - not
to substitute for their interest in ant and/or music, but rather to enhance those interests, and
lo employ their art and music skills, modes of thinking, and creativity in the biological
sciences. We feel that this will be far more important than just inducing a small number of
art and music majors to now major in the biological sciences. Rather, it will produce a
small group of individuals with levels of creativity and perception enhanced (4) over those




who, however smart and accomplished, take the more traditional, direct route into the
through the sciences.

The Project 2061 repon, Science for All Americans, argues strongly and
persuasively for an intcgraled approach to the sciences (1,2). We feel that it is important
that at least some small subset of the population go even beyond that report and consider an
integrated approach to education in general (19)

C. Relevant Experience:

Protein Solutions, Inc. is a small education products company founded in 1988 by
J. Andrade, Professor of Bioengineering and Co-Director of the Center for Integrated
Science Education at the University of Utah. Joe has almost no skills, and up until recently
had Iittle interest, in the arts and music. Reputed by his wife to be completely tone deaf , he
does enjoy listening to music, and has occasionally made some limited, but futile, attempts
to produce some

With the founding of the Center for Integrated Science Education, and the
realization and adoption of Project 2061's goals and guidelines, Joe began to develop a set
of courses and workshops designed initially for elementary teachers, called Integrated
Science Concepts and Themes (16). As he got into these workshops, and began to study
the work of Howard Gardner and other educational psychologists (3,19), he began to
realize that the people which we must interest in science are disinicrested because they are
really very interested in something else, and the only way to effectively and successfully
interest them and involve them in science is to find out what does interest them and to
conncct through that interest. We call it interest-based science, or Science by Seduction

In working with elementary teachers in Utah Joe found that what really interests
them are the things that they would rather be doing if they could be doing anything at all
Some of those topics include: gardening, cooking, outdoor activities, sports, dance, sex,
music, and art, as well as many others. We have adopted two of those interests for this
STTR proposal, music and art. We hope to address the other ones in subsequent
proposals and activities

The Center for Integrated Science Education has thus 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 Resistant, which is an interest-based approach. He regularly gives workshops for
elementary teachers which, although called Integrated Science Concepts and Themes (16),
are based on the teacher's personal interests

CISE consists of an Executive Committee representing each basic science
department, the College of Engineering, the Graduate School of Education, and the College
of Earth and Mineral Sciences, as well as the informal science education muscum
community. The Co-Director of CISE is Joe Dickinson, Professor of Biology. There is
close coordination with the Howard Hughes Medical Institute education programs, and
with other education and outreach activities throughout the campus

Task 3) The education communit

The National Science Teachers Association meeting, December 15-17, 1994 in
Las Vegas is expected to draw some 3,000 to 5,000 attendees, at least 1,500 of
which will participate in a survey questionnaire (in exchange for a
bioluminescence freebie), thereby obtaining marketing information on educator
interests and needs. These marketing studies are not part of the budget of this
STTR project, but they are important to the information and data gathering
required to most effectively design interesi-based science projects and kits.

in general, does not know the connection between
the arts, music, and the sciences. By working with groups of teachers
responsible for each of the three major age groups targeted, that is, jr. high, high
schoal, and college, we will begin 10 understand the hesitations, -
!nisrnnr:cp[i-nn.c., prejudices, and related hurdles which must be overcome in
implementing an integrated, interest-based approach. We will use focus groups
with which o facilitate such interaction and to develop such information. These
same groups will then be utilized later in the project to help evaluate and assess
the methods and preliminary kits developed, i.e., to assess the Jeasibility of our
proposed approach

We will also work closely with the authors of boaks and materials which have
developed such connections and have developed science courses for non
science students based on an interest-based approach (6,10,11,12,14).

Task 4) This task will involve the staff and program committee of the Utah

Science/Art Center Project, as well as 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 arts,
including the Exploratorium in San Francisco (12,20) and a new science center
l:nlf\[huquemur. New Mexico. In this task we will identify those groups, make
initial contact with them, and begin to involve them as advisors in this project,

Of particular interest is the Leonardo Project of the Utah Science/An Center.
The Leonardo Project is a science center on wheels which will roam the state of
Utah in 1996 and the Intermountain west region of the United States in 1997-
"98. Itis designed 1o bring a science/art center experience to this large
geographic region consisting of primarily rural environments. Since Leonardo
will actually be on the road during the last half of this STTR Phase I grant, it
will be utilized as a test vehicle with which to assess the feasibility of our
concept and approach (see enclosed letter from R, Millar, Utah Science Center
Authority)

Task 5) We certainly do not propose to fully develop a music-based approach to the

biological sciences in this Phase I grant, but rather to assess the feasibility of
such a development and to put together a preliminary pro torype of such a kit,
A more comprehensive kit, or kits, and their testing and evaluation will be a
major part of the Phase [T activitics.

Almost everyone is interested in music, at least in listening Lo certain types of
music. Some people have wide and diverse musical tastes, others are interested




Protein Solutions, Inc. now manufactures bioluminescence science kits, the Science
in the Dark product line. It is also developing the Labless Lab™ product line, using
National Science Foundation SBIR support (DMI 94-23708). It expects its third major
product line, based on this Phase I and Phase II STTR, and subsequent R & D activities, to
be Science by Seduction, interest-based kits to be sold and distributed not only through the
conventional science education products outlets, but directly through arts, music, and
hobby stores and related outlets. PSI is well aware of hobby and science product
marketing and distribution.

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

Task 1) CISE works closely with the science and math curriculum coordinators in the
Utah State Office of Education and, through them, with the National Science
Supervisors Association. It also has very close connections and interactions
with the Salt Lake City School District, The Granite School District and the
Davis District, three major urban districts in Utah.

CISE is also working closely with the Utah Science/Arts Center Authority and
with the Utah Arts Council to design and construct the Gateway Center, Utah's
21st Century Science/Arn Center, a hands on, interactive celebration of personal
creativity (see letter from R. Millar, Technical Director). Building on the
experience of major hands-on science centers, such as the Exploratorium in San
Francisco, the Ontario Science Center in Toronto, the Cite de Science in Paris,
and other interactive science centers around the world, Utah is planning the first
of the 21st Century Science/Arnt Centers. Using Leonardo da Vinci as an icon
and a guide, this particular center will enable the visitor to not only experience
the sciences, the arts, and engineering/technology, but even more importantly to
experience the connections between them and the enhancement which each one
provides for the others,

Joe Andrade, PI of the University side of this STTR application and Co-
Director of CISE, is also Program Co-Chair for the Utah Science/Art Center,
Thus, indirectly, the entire 200 plus member Program Commitiee for this
unique facility are available and accessible for this Science by Seduction project.
Working closely with the Utah Anis Council and the Utah Alliance for the Ants
and Humanities Education, CISE will be able to readily accomplish Task 1
(Specific Aims). We will also work closely with our education colleagues in
the National Science Foundation and the National Endowment for the Ants, and
with their grantees and contractors appropriate to this study.

Task 2) Will be conducted largely by PSI through exhibits, shows, and workshops at
the major science, arts, and music educational conferences, for example, the
National Science Teachers Association (NSTA) annual meeting. PSI will
survey the existing arts, music, and science education communities with respect
1o their responsiveness to and interest in interesi-based science, PSI is already
conducting such surveys within the science educator community for its new
Labless Lab™ product line.
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simple tools and activities, including tuning forks, simple ins ,.\‘l!'ll-.-q“-f..
calls, etc. Il‘-h;\'!!,
oy
Task 6) Our art-based activities will rely upon two excellent texts: Fajy, I]ir:
the Light: Optics in Nature, Photography, Color, Vision, ang pt |
and Williamson and Cummins’, Light & Color in Nature & A;-,l'n',j"l_\\
the preface of the Williamson book: "This book is an introdugy;, { :‘T"' (Y
of light and color in its applications to photography, ar, naturg) 1y “’u,"r,
other related areas. It is intended primarily as a text for a one o Ih'\‘al]'n.h': tl
quarter college course for students with little or no backgrouny i Y, Y, " )
mathematics.” In the case of the Falk preface, mag ents g iy
definite interest - art, vision, photography, hg
world around them - a large variety of speg
before we said the first word." Althoug
physical and biological concepts to art
interests and aptitudes related to art.
start with art — those activities and 1
naturally choose and through those
range of scientific concepts, perhaps
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of a butterfly, and thereby getting into the optics of butterfly wings, for
example.

This will require working closely with art educators and with a variety of
physical and biological scientists who have personal inlerests in pam-’.mg_and
art. A good, although unfortunately dead, example is the famous physicist
Richard Feynman, who became quite interested in artists and art and became a
fairly accomplished artist in his own right. The best example, of course, is
Leonardo da Vinci, who basically studied human anatomy and the human form
in order to be able to perfect his art. We will, of course, borrow heavily from
Leonardo's sketchbooks and his own treatise on art (28), as well a5 the )
Feynman example (27). We will also draw heavily on the Thompson's On
Growth and Form (24), and related books dealing with design and symmetry
in biology. This will also be connected closely to mathematics, particu L-;_rl,v
gcometry and topology based on the arguments and methods presented in the
recent mathematics education study, On the Shoulders of Giants (25).

The kit components here are straightforward, involving a set of light sources,
filters, a variety of painis and other media, experiments related to perspective,
two vs. three dimensions, symmetry, texture, use of various <:umpumr_ Paint
programs, etc. Those of use involved in this project are excited to begin.

Audience: We will particularly target women and other min.u‘mics in our focus
groups and in our target populations. Working closely with the Mf_-,.‘u\ {_I\_m}nrq_\»
Engineer and Scientist Achicvement program), and also with the universities' and the local
school districts' programs to encourage women in science, we will see to it that these
populations are not only appropriately represented, but particularly involved and
encouraged (26)

E. Human Subjects:

There are no substantive human subject issues to be addressed. Rather, we will
work through teachers and others who work with the appropriate student populations.
F. Vertebrate Animals: Not applicable,

G. Consultants: No formal consultants are budgeted.

H. Contractual Arrangements:

Protein Solutions, Inc., and the University of Utah have an active Tcugmuhz-gy
Transfer Agreement in the area of "bioluminescence and other science educational
materials.” This agreement has been in place for over four years, and the current term
continues for an additional two years. Copies of the agreement arc available upon request

7]
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PSI and the University of Utah are now collaborating on an existing STTR Phase |
from the National Science Foundation, effective 8/15/94, R. Scheer. PSI and the
University of Utah have a strong and highly effective working relationship. The University
of Utah subcontract activities will be conducied primarily through its space and resources,
including the space assigned to the Center for Integrated Science Education and its
Leonardo Laboratory, a 1,200 8g/ft four room complex in which the Science by Seduction
approach using art and music is presently being employed in the Science Without Walls
Liberal Education Course, now under way,

PSI's activities will be conducted at its corporate space at 350 West 800 North,
Suite 218, and surrounding rooms. This space is a ten minute drive from the University of
Utah campus, Rob Scheer, the PI on this STTR, and J. Andrade, PI for the University of
Utah portion, have a close working relationship and are also the respective Pls on the
existing NSF STTR Roughly half of the activity on this Phase I STTR is through the
University of Utah subcontract and the remaining half is through PSI.

The approximate task breakdown was described above under Specific Aims.
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