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7 Gtate of Utah - University of Utah Center of Excellence
Title: "Developing a Science Education Industry in Utah”

1.0 EXECUTIVE SUMMARY

n: Imagine a multi billion dollar industry expected to double every 5 years
he next 2 decades. Imagine that this industry is very fragmented and

for
unstructured and therefore easy to penetrate. Imagine that it is clean,
whalesome, and does not involve major research and development
expenditures. Imagine this industry is based on Utah's science, engineering,
and technology expertise, including existing high technology companies and
research Universities. Imagine that this industry is ideal for new company
formation, for spin off, and for entrepreneurship. Imagine that SBIR capital from
the Federal government for this industry is expected to double every 3-4 years.
imagine that this industry will contribute to the enhancement of the skills and
educational level of Utah's work force. Imaging that this industry will enhance
ltah’s image and reputation as a science and technology state. Imagine that a
mechanism is in place to assist new and existing companies in product
development, markeating, market penetration, and new product development for

this industry.

mathematics,
, Including on

n't think of edugation as an industry, a contributor 1o the
lare

economy. We normally think of it as a consumer of tax dollars. However,
cs, science, and technology education is 2 mulli billion dollar a year

industry in the United States and is growing very rapidly

Operating under a small planning grant from the State Centers of
Excellence Program, the Center for Integrated Science* Education (CIS*E) has
already demonstrated the potential for such an industry. The Center has
already been successful in aiding a Utah firm in obtaining federal SBIR support
and in launching a set of products for science education.

The Center's preliminary activities will be enhanced and expanded as a
State Center of Excellence. The State Center for Integrated Science Education
will provide the technology, the marketing expertise, information, and other
resources to permit new and existing Utah companies 1o fully participate in this
major growth industry.
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The term “science” used here follows the commen j:".:.—nalls:n.frr-ass
communications definit geience refers to issues and subjects
involving science, mathematics, technology, engineering, and medicines.




Budget sration: $136,040 is requested from the Centers of Excellence
Program for a 2 year contract.

Oblactives: Tha Center for integrated Science Education (CISE) will develop
methods and materials to aid the education of teachers and students in
integrated, multi-disciplinary sciznce, mathematics, and technology. The
materials and expeariments will be basad on genuine discovery -- simple and
highly interesting experiments which utilize human senses for perception and
detection. These materials will be developed and then tested in appropriate
populations and market segments. The Center will work closely with existing
local companies and will encourage and catalyze the development and growth
of new spin-off companies. The Center's long-range goal is to develop a Utah
industry which will supply the nation and much of the world with products which
will be the key constituents of science education as we move into the 218
Century. The goal is o establish and maintain Utah as the leader in science
curricuia and materials for all education levels: K-12, the general public, and
coliege/university.

Other Support: The National Science Foundation (NSF) budget for Science,
1 n has been increasing dramatically in
art (Dapt of Educational Studies) have
We anticipate submitting an additional
tions over the next 18 months. The
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M/year within 2 years -- most of

(1]

The Director of the CISE is J. Andrade, Professor of Bioengineerir
Materials Science at the University of Utah. Andrade is recognized for I
nd multl- disciplinary approaches to science and engineering. He is very

familiar with the State's Center of Excellence program and with its economic
development objectives. He served as co-director of the Center for Biopolymers
at Interfaces (CBI) for the past 5 years. He was one of the founders of
Biomaterials International, now Ohmeda-Salt Lake. He founded Protein
Solutions, Inc. (PSI) in 1988 to develop and market science education
materials. PSI will ba one of the initial corporate participants in the Center.
Because J. Andrade is also directly involved with PSI, Gordon Jensen, Director
of tha Engineering Experiment Station, will serve as co-Pl and will focus on
financial matters to minimize potential conflict of interest issues between the
Center and PSI.

This Project will strive to involve all faculty who have strong interests and
motivation in improving and enhancing science education and in the fransfer of
the Center's activities to the private sector. We expect faculty and students 1o
work closely with local industry in the research and development of novel,
profitable science education products.

s e e A St g i 2 < = i
T e i i A e e

2.0 THE PROJECT

2.1 RESEARCH PURPOSE:

The major purpose and objective of this projectIs to develop and :
establish a science education materials industry in Utah. Thisis a part of ihe

overall obiective of the Center for Integrated Secience Education, described
briefly in Appendix A.

Recent national reports dealing with the issue and problem of science
education have concluded that teachers "will need a new generation of books
and other instructional tools... textbooks and other teaching materials in current
use are, to put it starkly, simply not up to the job® {1). The same report goes on
to say “the present science textbooks and methods of instruction, tar from
helping, often actually impede progress towards scientific literacy. They
emphasize the learmning of answers more than ine exploration of questions...
they fail to encourage students to work togeiner, to share ideas and information
ireely with each other, or to use modern instruments 10 extend their mogern
intellectual capabilities”. “The present curricula in science and mathematics are

over stufied and under nourished” (1).

tivity and trying 1o

exparimental or

nds-on approach to

The purpose of the Center and of this project is 1o aid in the reformation
of science and mathematics education by encouraging and inducing Utah
companies to produce novel, innovative, and effective teaching and seli
education materials. This array of new products will serve as the basis for a
new industry in Utah: science education. This does not only mean materials for
teachers and schools, but It means educational toys and educational gifts for all
ages. It means hobbies and activities which have & science educational
comp:
on

onent. The breadth and expanse of this industry is discussed in Seciion 3
Market and Marketing Strategy.

Note that this industry fits ideally info the State's economic development
efforts. Al four of the State’s targeted economic development categories
(aerospace technologies, biomedical technologies, information technologies,
and natural resources) can play major and significant roles in a science
education Industry.




The U.S. National Science Foundation has already taken a leadership
role. The U.S. Department of Education and the states of California and Texas

Applied Informatics Acrobits G : : ; i ;
Biologi il : 1 are in the process of implementing a mucn more integraied approach to science
10i051es Access Software i ) Hi - ion 11 -
-~} education (4). i1 ir pe ana exXpeC ation inat anw 1= e er In these
Cran Tech. S | education (3). 1tis oui hope and expectation that Utah will be a leader in the
C': Senscs CAI F reform efiorts, permitting the Utah economy to benefit substantially from the
}D -ngc.s 1CD ing, and even more rapidly growing, science education industry.
ME] Sculptured Software , ) _
Medical Systems \:ig‘.:-poim Animation major goal of CISE is to work closely with local industry and the
N vasiv ech. ; P, unity to create a strong and large science education inausiry in
Non Invasive Med Tect Wasatch Education - 24 ; g and jarg dustn
QEC - Diasonics s
WICAT [
Ohmeda | e - o 1
. - re are already Utah companies involved in these activities. Itis
Planetree Medical i : : 4
expected that these will grow and flourish and that other companies will evolve

Techniscan Software and expand to provide the materials and products which will be required. Ulah
iould be the leader in science edugation nationally, Figure 1 based on
information in the Utah High Technology Directory (4) shows, based on a very
Center for i preliminary analysis, those existing Utah companies who could participate in a
[ Integrated | il science educational products industry.
i\ Science* f

¢~ Physics & ™\ _ (" Biotechnology™

2.2 TECHNOLOGY DEFINITION:

Adv. Holographics e e

v Allen Lom mc 5 . oratorium -- the interactive
Alpha Lab. CAI Biotronic Energy Satnieny r.;. ko e

s g & e piaral reiies on s,
A mfﬁ, :f ; i Career Research Corp. Cytozyme Labs t scientific and techniological
Bonneville Science Designine Minds Gull Labs dete h ears to dstect
Handtronics Prol;in Slalbulions Hyclone Labs ssous substances; and touch for
HGM Medical e NPI al pheno
Holographic Products e hE:i B Protein Solutions > : ; = e
Ivie Tech. asatc ucaton _ One example of a unigue, highly motivational subject is
Fonan Nova Tedk WICAT bicluminescence, which is already under development by the Center's Director,
_\‘a;og:a] N h. and is already the basis of a set of unigue science education products (8).
Wescor _ Bioluminescence is light emitted by biclogica
fireflies, and glo ms. A student's or teacher's i

bicluminescence -- light generated without batteries, without wires, without
puibs. without electricity -- naturally, biclogically -- is one of awe, mystery, and
intense motivation and interest. The Center, in partnership with a local
company, Protein Solutions, Inc., is developing a full product line based on
bieluminescence. '

Figure 1: Components of the Utah Economy
Relevant to a Science Education Industry
(Source: Utah's High Technology Directory, 1991)

_One could consider a parallel approach using sound generated by living
organisms. The production and detection of sounds range from the very high
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frequency sounds of birds, dogs, and cats, which are undetectable by humans,
to the ultra-low frequency pulsations in the sea, also not readily detectable by
humans, but used by whales as a form of long distance communication. All of
sound production and detection for communications and entertainment
purposes can be taught via this approach. The detection of submarines by
hydrophones, the noise problems of airplanes and automoblles, and noise
elimination strategies of some modern higf I

-tech companies can be presented
and developed via bio-acoustic phenomena and observations.

Utah has a fairly large medical product industry and several companies
are involved with medical diagnostic imaging. Imagine the thrill of having a
small device into which you could stick one of your fingers and literally see the
bone structure or in which one could put a mouse or other animal and see the
skeleton and perhaps even other internal tissues.

Non invasive imaging is of course routine using very expensive
equipment in hospitals. it has not normally been thought of for teaching or as
an educational product. This is the kind of thinking which could lead to totally
new and innovative products for a large mass market.

Task Force for a Utah Sci

We are now talking with the new en
about the possibility of an exhibition i

to look into their own b

related technigues. Imagine the exc
and using that as the basis to study
Utah companies involved in video games and related
ional activity based on video game
used in interactive science centers to
ation. Utah' e and

What we mean by integrated science Is 1o tie evenything together. To

how that biological sound is indeed physical pressure pulsations and that
sound detection in living organisms relates {o the sound detection schemes
used in physics and engineering - and that indeed acoustical physicists and
engineers can learn a great deal from looking to biology for models and
inspiration. The goal is to integrate science and to minimize itioning of
science into chemistry, physics, biclogy, geology, earth science, environmental
science, eic.

This is a growing national trend (1,3). A center focused on such interests
and activities will benefit not only the University and the Center's participants,
but more importantly, it will dramaticall nefit the population and economy of
the state of Utah

RN R Py

oS P e S e

e

2.3 EXISTING SUPPORT:

Support for the bioluminescence part of this activity he.f been provided
by Protein Solutions, Inc. (PSI), & small start-up company. PSI has already
funded $70,000 of work at the University of Utah on the development of
bioluminescence as a science educational tool. The University and PSI have
signed a technology transfer agreement in the bioluminescence arga. An

efficient, effective, technelogy transfer mechanism is already in piace.

In addition, the Center faculty has submitted 5 proposals to the National

Science Foundation, one to the Environmental Protection Agency, and
proposals to selected private foundations.

2.4 IMPACT OF COEP SUPPORT:

The existing biolumineszent activities are likely to continue because of
the interest of Protein Solutions . in their development. However, this is just
the tip of the iceberg. The establishment of the Center, and the financial
resources available via COEP, will provide a focus, an identity, and a vehicle
with which to foster, and indeed to significantly encourage and enhance,

science education activities throughout Utah.
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Figure 2 shows the types of services which CISE could provide to Utah

Table 1 a work Science Educ New Business
Cpportunities for Utah Companies. This would he
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September is indicated in

pporty ip make Utah companies
aware of the Center and of opportunities in the science education industry.

e would be 1o establish a newsletter, which would
ypanies who have an interest in the science

1 materials industry. This newsletier will cover trends in the field, new
innovations and developments, national and international corporate activities,
and a variety of other topics. To our knowledge, such a newsletter does not
exist anywhere, in part due to the highly fragmented nature of the industry
today. The same report quoted earlier also says “decisions in educational
policy and the use of resources for education are made by literally thousands of
different entities including 16,000 separate school districts, 3,300
colleges/universities, 50 states, several agencies of the federal government,
and the courts at every level” (1).
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The bad news is that this is z fragmented industry; the good news is that
it is fragmented. There are no major nasty players. With a good infrastructure
nd mechanism available, such as the Center for Integrated Science Education,
+ah firms should be able to readily penetraie and make a significant impact in

this marketplace.

tivities are likely to continue to be a one

pact and return to the state wo uld be

ort it is likely that by the end of the first vear the
ipating faculty, a larg nucieus of feder
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3.0 THE MARKET AND MARKETING STRATEGY

3.1 MARKET ANALYSIS:

ng grant from the State Center's of Excellence
{ 2 market analysis and market strategy study.
v Thorimbert have conducted a very exiensive
. of the DIALOG information retrieval s
d over the past 2 years DY Andrade and co-
i igures which iollow

Program, the Cent
Ms. Mary McDor
study using the ¢
and using the re

workers.

C

is summarized very
itted to the Staie Ce

usion of the presant

v 50 million public school students in the Un
taachers, the U.S. has a population of

State

220 of
com jon products
ang ed, Figu
pre on industry.

There is a major industn articularly tropical fish for the
home environment. Museum stores and gifishops provide a 1/2 billion doliar
market. The toy industry is roughly 10 billion dollars a year In the United States,
of which about 750 million is labeled as educational toys. The markst for
“ecience toys” is §50 million, but that does not include & large number of other
ioys with science and mathematics education componenis and does not take
into account that the science component of the 10ys and gifts is growing very

idly.

We would urge the reader to visit some of these stores, such as
Gregory's Toys and Adventures and the science section of other major 10y
stores. Of particular interest is the rapid growth and proliferation of retail outlets
focusing almost exclusively on science related products, such as the Great
Basin Nature Company in the Foothill Shopping Center, The Chem Shop in
Crossroads Mall, Magismos in University Mall in Orem, and national chains
including Worlds of Wonder, The Nature Company, and others. The nation's
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about science and mathematics, in Europe they do science and mathematics
(10).

S400 BILLION (ociuing Sserics & Matorals) s
el i _ 533 BILLION PRINT MATERIALS {K-12)

We are just beginning to get sales figures on science education products
in Europe and Japan, but it is clear that on a per capita basis they are far in
excess of that in the United States. Itis no surprise therefore that U.S. children
do not do batter in the international measures of performance in science and
mathematics.

e : This is both good and bad news. The good news is that we recognize
. PhzMinon the problem and there is a growing national interest and resolution 1o solve it.
The other acod news is that there is a large international market for science
educational products, which Utah companies can utilize.

Finally, not shown in the above figures, is the business of science
education in business. There is one estimate that U.S. companies spend 525
billion a year 1o upgrade employee skills (B). Thisis a vary major market. The
products which Utah companies will be producing in the science education
arena will not only be used in the public schools and as gifts for the general
public, but will be used by training firms who work directly with industry to train
and educate their employeass. The opportunities are enormous.

3.2 UNIQUENESS OF TECHNOLOGY:

Part of the problem with science education nationally is that science is
perceived, oftan by science teachers, to be a cut and dried subject -- that
science is something to be learnad, 1o be memorized, 1o be applied, 10 be
regurgitated -- not something to be discovered and to be constantly learned and
relearned. That is the fundamental problem, and it is ong which educators and
particularly educational administrators have a difficult time grasping.

i*2 Out of 'Adulis
Bought Toys Withi
CEild Practizing scientists know that science is a living, breathing subject, that it
PORULATION is rarely ever static, that it is constantly being _cha!ienged. modified, developed.
The various so-called laws and theories of science are often disproven or

AGES13TO 50
superseded by better laws and theories.

One of our approaches to science education is to use phenomena which
&5 MILLION are not by themselves fully undersiood. Bicluminescence is a case in point.
3 = B ) ; : . :
Z7MILLION|  AGES 50+ o Although the phenomenon is readily observable, the reasons for its existence,
CHILDREN th Annuz) Purchasa the actual mechanisms of light emission, and other questions remain only
(under 13) szas partially answered. This means that students and their tsachers need have no
fear. There really are no absolute rights or wrongs. They can discover,
experiment, and learn. Then, using the sclence curriculum materials which the
Center and Utah industry will deveiop, those observations and that learning will
be extended to other subjects and interconnected with the larger world of
science and technology.

; This is not to say that every student using these approaches will be
discovering completely new and important science, butit is o say that those

-
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students will indeed experience and discover something for themselves, which
will be imprinted in their brains forever (2). More importantly, the teacher, with
the new and novel materials at his or her disposal, will be able to extend that
experience to many other subjects and to other areas of science (1,3).

st hiins 23 i A 1

There is at present no bicluminescence based science curriculum.
Thers is at present no bio-acoustics based science curriculum. We want to take
single, integrated themes which cut across all areas of science, and utilize
these themes to motivate students and their teachers, and then to connect and
exier ose themes into virtually all science subjects and disciplines. This
approach to science education is completely unique and will require a new |
eneration of science materials (1,3).

U]

3.3 MARKET PENETRATION AND IMPACT:

We will work with the Utah State Office of Education and participating
regional school districts to present teacher in service education and training
courses. The teachers would experience and u
incorporate them in their own classrooms. F
off companies would begin to market an
consumption by school
ts. In parallel, the facu
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n, and related groups to
ovel science materials wi
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aware of and Interested in

The goal would be to educate and to
wnity as to the benefits of this form of
f hi

2 Million

98,000

cor
closely with offices of education in ott
d ationally to educate and train the
the market in neighboring states.

We are sure that we can involve students and teachers to serve as
missionaries in other states and regions to help promote and promulgate the

46 Million

integrated approach to science education, and thereby develop a market for the
materials produced by the Utah firms.

The potential impact on the Utah economy is difficult to accurately gauge.
The present science educational materials market is probably $1-2 billion per

year, and is expected to double over the next 10 years. It is perhaps
reasonable to anticipate capturing up 1o fifteen percent of the that national
market. That would amount to a total annual sales of $150M. Given
appropriate multipliers, that should translate to 20,000 new jobs in the Utah
economy.
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450,000 y

17,500
400
Total Total Total
Student Teachers Day-Care
Enroliment K-12 Teachers &
K-12 Directors
‘Utah Education Market
(Includes Public, Private, and Catholic Schools)
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124% Change 1982 to 1989
88 Million

57 Million

1982 1989

‘Estimated Industry Sales
~ Science Textbooks
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