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The Children's Museum of Utah

NIGHT-LIGHT: Science in the Dark

Executive Summary

We propose to develop, test, exhibit, and disseminate NIGHT WALK, an integrated science
"discovery"” system based on bioluminescence - light generated by living systems [1-7].*

Nearly everyone who discovers and observes bioluminescence is impressed and motivated
10 see and leam more. In these times where people have their senses constantly stimulated to near
exhaustion, bioluminescence is a relatively unknown, unexperienced phenomenon which can
readily compete for a visitor's attention and interest.

Bioluminescence is a phenomenon which is largely unknown to students and teachers and
almost totally excluded from all science curricula and textbooks, from kindergarten to
undergraduate college [5].

The project will develop integrated and interactive science exhibits which will be used for
public education activities in an informal and interactive setting.

The basic idea is to have the participants discover something completely new — and thus
stimulate them to ask questions and formulate hypotheses.

Many of their questions and hypotheses are then addressed and tested in other exhibits.

Depending on age and background, participants will discover their own answers and be led
into various areas and aspects of science.The exhibits serve as resources to aid their discoveries
and education.

Our long range aim is simply to put together a fully integrated science discovery system
based on bioluminescence suitable for science museums.

We propose a 5 year collaborative interdisciplinary project to research and produce
interactive discovery exhibits using bioluminescence. This is a collaborative effort between The

Chuldren's Museum of Utah, the University of Utah's Center for Integrated Science Education,

* References are located on page 21
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and Protein Solutions, Inc., a local company specializing in matenials for science education
(Figure 1)

The materials will aid in the observation, discovery, and leaming of basic concepts in
vanous science fields. The vistors will develop new and expanded understandings of science
concepts in a completely new domain — bicluminescence, The concepts and understanding derived
from bioluminescence are general and applicable to the full range of scientific and technical subjects
(Figure 2),

We will develop and produce 8 different interactive beofuminescent exhibits (Figure 3),
combine them to produce a comprehensive discovery exhubit, and prepare and provide

supplementary discovery materials and kits. An assessment plan is included — as well asa
comprehensive plan for publication and dissemination,

We requesta (otal budget of $350,000, over S years, allocated 1o the following activities:

Bioluminescence Research 7%
Production of Organisms 18%
Exhibit Design 15%
Exhibit Construction 18%
Maintenance & Operation 2%
Assessment & Evaluation &

Dhssermination 4%

The Children's Museum
of Utah (TCMU)

Center for integrated
Science Education (CISE)
University of Utah
Department of Bioen ginearing

Protein
Solutions, Inc. (PSI)
Science Education
Innovatars

Figure 1: The three key participants in this project.
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Narrative

Objectives.:

We propose to develop, test, exhibit, and disseminate NIGHT WALK, an integrated science
“discovery” system based on bioluminescence -- light penerated by living systems.

Our long range aim is simply to put together a fully integrated science discovery system
based on bioluminescence.

We propose a 5 year collaborative interdisciplinary project to research and produce
interactive discovery exhibits using bioluminescence. The is a collaborative effort between The
Children’s Museum of Utah, the University of Utah's Center for Integrated Science Education,
and Proiein Solutions, Inc., a local company specializing in materials for science education (Fgure
1).

We will develop and produce 8 different interactive bioluminescent exhibits, combi ne them
to produce a comprehensive discovery exhibit, and prepare and provide supplementary discovery
materials and kits.

This project involves 7 tasks overits 5 year duration:

Bicluminescence Research
Produetion of Organisms
Exhibit Design

Exhibit Construction
Maintenance & Operation
Assessment & Evaluation
Dissemination
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Institution Profile: The Children's Musewn of Utah

The Children's Museum of Utah is a relatively new, dynamic children's museum with
highly dedicated and motivated professional and volunteer stafT. [tis localed on an outstanding site
immediately North of downtown Salt Lake City in the foothills of the Wasaich Mountains, with
ample parking and visitor access. The site includes an old hot springs and a magnificent building
ideal for the development of interactive science exhibats,

In 1978 a group of dedicated parents and educators founded The Children's Museum of
Utah (TCMU). They designed the Museum to be "hands-on,” allowing visitors to expenment with
the exhibits and explore new concepts. Beginning that year, Museum organizers secured a
location, raised money, and eventually opened TCMU's doors in 1983 with eight exhubits. TCMU
currently has 32 exhibits, two traveling exhibits, and one outreach program.

TCMU 15 1n a unique situation. As the only "hands-on” museum in Utah, it serves an
entire region. In 1991, TCMU hosted over 19,000 school children from all parts of Utah as well
as parts of Idaho, Wyoming and Nevada. Therefore, TCMU provides its services to children of
different backgrounds and situations. The Museum has special programs for at-risk students. For
example, during the 1990-1991 school year, TCMU welcomed an inner city, at-nisk preschool 1o

* hold daily class in the Museum. TCMU offers students an educational opportunity different than
in regular classrooms — hands-on expenence.

TCMU's background in educational programs is strong. A recent example is the 1990
JASON Project - a successful program to involve children directly in science with exploration. It
involved collaboration with schools and youth organizations, with local corporate and foundation
support. TCMU has also collaborated with the University Hospital and Primary Children's
Medical Center (PCMC) on scientific programs. The University Hospital helped TCMU to
esiablish an exhibit about the original artificial heart. They donated equipment and expertise 1o the

project. PCMC is currently developing an exhibit on heart mechanics/functions and preventive
medicine.
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The Museum is working closely with the University of Utah's new Center for Inte grated
Science Education (CISE), a participant and subcontractor in this proposal, to develop totally new

and unique interact ve Science eXpeniences.

Need:

There is a growing awareness and interest in Utah in iniegrated discovery and expenment-
based science education activities. Our museum, the University of Utah's Center for Integrated
Science Education (CISE), the Natural History Museum of Utah, and Utah State University's
Department of Elementary Education, have all become involved recently in the development and
enhancement of such activities. The Davis, Salt Lake, and Jordan School districts are presenting a
range of inservice programs for elementary and high school teachers along these lines.

We have already presented inservice courses titled, “Light from Life: Science in the Dark."
to elementary and high school teachers in the region, with an exceptionally strong, positive, and
enthusiastic response. The teachers and their students are interested in obiaining more information
and experience with bioluminescence. The teachers realize that bioluminescence is an exceptionally
strong tool for motivating students in science, and for the teaching of science as an integrated field
of inquiry. They are requesting, indeed they are demanding, materials, exhibits, and additional
expeniences. Hence, this proposal.

Utah's school spending per student is fiftieth in the United States, Therefore, outside-of -
class activities are impontant for the development of Utah's children — especially in the sciences.
To provide each Utah school with the necessary items 10 involve students in well-desi gned science
projects is very difficult. The Children's Museum of Utah offers a central location, well-known
for its educational emphasis, where interactive science exhibits, such as this bioluminescence
project, would reach the maximum number of children.

Furthermore, this project will be an excellent outreach program for those schools that may

not have the opportunity to visit the museum because of either distance or funding problems.

~
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TCMU's audience includes children from both rural and urban areas. A majority of on-site
Museurn visitors come from Salt Lake City and surrounding areas. Nevertheless, because of the
large rural population surounding Salt Lake City, an estimated 25% of Museum visitors reside in
rural areas. TCMU's ofi-site audiences include more distant school distncts, some Coming
hundreds of miles o visit. In addition to daily school groups and non-group visitors, TCMU
housed an at-risk preschool for the entire 1990-1991 school year.

Strategy:

Museum organizers feel a need to strengthen the Museum's science exhibits and activities

for two reasons:

1) as the Museum develops its science facilities, more schools, children's organizations,

and individual families will come to the Museum,

2) children’s participation in captivating, exciting science exhibits in the Museum will

encourage them 1o explore science in the classroom and at home.

The bioluminescence project is part of a 5 year plan to develop TCMU's science facilities.

Along with this project, TCMU is focusing on the following projects:

+ Speleology. TCMU and the U.S, Bureau of Mines are developing plans fora "cave
exhibit." including stalagmites, stalagtites, cave animals, etc. The project will be
completely "hands-on."

+ Human Physiology. TCMU is collaborating with Primary Children's Medical Center on
a "hands-on" heart exhibit to explain and demonstrate how the heart functions.

+ Asironomy. TCMU has plans for a space simulator exhibit, in collaboration with ASTC,

NASA, and Morton Thiokol Corp.
* Zoology. Currently, TCMU has a small animal collection. The new exhibit would

include a petting z0o and displays on animal families.

The Children's Museum of Utah

* Technology. TCMU has invited KSL-T.V., U.S. West Telecommunications and Evans,
and Sutherand Computer Corp. to develop hands-on exhibits focusing on the
lechnology of their respective companies,

The Museum has aggressive exhibit development activities in collaboration with the Center
for Integrated Science Education. The plan 1s for the two institutions, in partnership with local
industry, to produce and disseminate matenials and exhibits 10 other museums and institutions
nationally and even internationally. We expect that these activities will eventually provide a modest

mcome o help sustain and develop this museum.

Froposed Activities:

We have available a set of technologies which make it possible to demonstrte and
experiment with bioluminescence in a highly interactive inquiry-based mode. We are also
developing additional technologies and methods using bioluminescence.

The basic plan for the exhibit is given in Figure 3. Afier some preliminary orientation,
including a short video, the visitors are directed into a dark room, similar to what is already used in
museums for various kinds of light shows and for luorescent mineral (black light) exhibits.
Visitors first experience a small fountain, or LIGHT-POND, in which a suspension of MICTOSCOpic
bioluminescent organisms is allowed to-drop into the pool. With each drop, a brilliant blue
bioluminescence is emitted from the point of contact; the light moves radially outward with the
ripples. The column of drops is not luminescent. Bioluminescence in these organisms is
mechanically stimulated, generally by pressure and force changes in the water. This is a dramatic
observation and immediately results in a wide range of questions, They are not answered at this
time. The objective is to let the visitors formulate their own questions and their own hypotheses as
to what 1s happening, and to become fully dark adapted to make the remaiming stages of the exhibit
EVEN MOMe IMpressive.
They are then directed to a flat panel on a wall or table and instructed to write their name by

simple pressing and running their fingers over the panel, analogous 1o what one does with a Magic

-9.
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Slate® or a touch sensitive computer screen. The panel contains a viscous suspension of the same
bicluminescent microorganisms. As they touch, the suspension lights up, and their names (or
other patterns they trace) are illuminated in the beautiful blue light. The light does not last; it1s
transient and only emitted during the mechanical simulation, so in that sense it is quite different
from Magic Slate® or Glow Slate® children's toys, but that actually adds 1o the aura and the
MyStery.

By now they have probably concluded that the blue light has something to do with water
and with living organisms.

They then move to Station C in Figure 3, where again they are exposed (0 a suspension of
these organisms, but now they are asked to talk o them. By now, we have partially surmised that
the stimulation of bioluminescence is mechanical and related to pressure and force changes. Now
they stimulate it by sound: they do not physically contact the container. The container, of course,
is designed with a flexible diaphragm, analogous to that in a microphone, which will concentrate
and focus the air pressure changes due to the sound. After expeniencing sound-induced
bioluminescence, they will then be encouraged o tap the container. This should enable them 10
begin to discover the connections between sound, forces, pressure, and direct mechanical
stimulation. Now it's ime to move into the biology side and find out what is responsibie for the
light.

In Station D they observe the same suspension in & low power microscope, using a video
camera output on a screen. There they will observe that the organisms are moon-shaped. They
may even be able to observe the individual organisms bioluminescing, depending on the resources
available, the quality of the camera, eic. We are now well into biology. They should see some of
the organisms in the process of fission, and hopefully will ask some questions regarding cell
division, cell reproduction, the shape of the organism, the nature of the nucleus, and why the cell
bioluminesces,

One of the real advantages of bioluminescence is that it is an unknown phenomenon. Itis
not usually found in textbooks [5]. No one has flunked it, no one has developed science anxieties

-J1o-

The Chaldren's Museum of Utah

owards it Therefore, students are exceptionally receptive to it, they are incredibly cunous and
highly motivated. Itis an ideal vehicle by which io teach science inan integrated fashion (Figure
2)

In working through exhibits A-D, they will already have been introduced 1o some areas of
physics, the principles of optics and mechanics. By the tme they get o D they are starting to move
into biology. By the ime they are finished with D there will also be some bref introduction 0
chemistry, in terms of the chemical processes and nutrients required for bioluminescence.

Moving to Exhibit E we expect to have large, flat panels, analogous (o Ant Farms, but
rather containing bicluminescent worms, both marine worms and terrestrial earthworms. They,
1o, give ofl a blue bioluminescence when mechanically, chemically, andior electncally sumulated.
Visitors will see the worms leaving behind a trail of bioluminescent mucous or slime, and that
leads 10 a whole new senies of questions.

Station F deals with a dry powder from a small marine crustacean. We may even have
them prepare the powder with a simple mortar and pestle grinding operation. They then touch their
finger to a tiny bit of tap water and into the powder and, again, bright bioluminescence is the
result. We are tentatively calling this NIGHT-PAINT™, They will be encouraged to dabt on their
fingers and on their hands. [tis non-toxic, but fishy smelling, so they will be encouraged (o wash
it off, where they will observe bioluminescence as the waler goes down the drain! At this point we
will probably introduce the concept of chemiluminescence by using the common Lite-Stik™ that is
readily purchased in hardware and outdoor equipment stores.

Station G is a sel of small manne aquania, in which other bioluminescent organisms are
located. This is more of an observation to illustrate the diversity of ioluminescence in biology -
variaus types of bioluminescent jellyfish, shrimp, fish, and worms will be there and induced to
bioluminesce.

Station H requires a considerable amount of research and development. We expect o have
other resources available for this part of the project. The long range goal is to culture and grow

firefly larvae and have the students actually walk into a room containing fireflies. This may not be

-1
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1oo dramatic to those of you from the East and Midwest, but firellies are very uncommon in the
westem United States. Textbooks say they are not found west of the Rockies, although we know
they are found in some regions in Utah. This is the trickiest part of the project because although
firefly larva can be maintained in storage for several years, the fireflies themselves are v ery delicate
and sensitive. However, in an appropriate environment we should be able to transform larva o
fireflies indoors. In fact, there is a considerable Japanese experience with this activity,

Ateach of the exhibit statons we will integrate what they are observing with what went
before. Finally, at the Exit, they will be directed towards a comprehensive display exhibit on
bioluminescence and o the museum shop, where there will be pamphlets and booklets, There will
also be a variety of science education kits on bioluminescence available for purchase.

We are also planming on dev eloping a video, including several excellent public TV

segments on bioluminescence, for both museum use and possibly for commercial sale,

Schedide :

The project would be accomplished over a 5 vear period. In the first year we expect o take
existing technology which has already been developed by the Center for Integrated Science
Education (CISE) and develop it into an interactive exhibit format. For example, Stations A, D,
and Fin Figure 3 could be implemented within the first year. This would provide experience in
transferring some of the technology and expertise from CISE to the Museum: we would begin to
{rain museum personnel to grow and maintain the organisms. 1t would also give us considerable
expenience with exhibit design, implementation, and maintenance and operation. To our
knowledge, there has never been such an interactive exhibit, so clearly there will be a lot o leam.

Research, development, and organism production will continue within CISE for the first 2-
3 vears of the project. Exhibit design, construction, mainienance, and operation at the Children's
Museum will begin in year 1, and will progressively increase in effort until the full exhibit is in

place, probably in yvear 4.

The Children's Musenm of Utah

In year | CISE will do the research and development required 1o make Stations B and C
practical. They will then concentrate their efforts in year 2 on Exhibits E and G, and in years 3 and
4 on Exhibit H. They will also be largely responsible for putting together all of the educational
materials for the static exhibit, Station 1.

As soon as we have the first exhibit up and running (Stations A,D, and F), towards the

conclusion of year 1, we will begin the assessment and evaluation process (described later).

Adrranistration and Persornel;

Research and development, organism production, and preliminary exhibit design will be
conducted largely by the Center [or Integrated Science Education at the University of Utah. Dr.
Joe Andrade, Director of that Center and co-investigator on this project, has four vears of
expenence in bioluminescence, has conducted a variety of teacher inservices and demonstrations
relating to bioluminescence, and already has the technology and experience in hand for exhibits
A.D, and F in Figure 3 [7).

The Center sponsored the Utah Bioluminescence Contest last Spring and is mapping the
location of bioluminescent organisms in the State of Utah. Andrade has been in communication
and has interacted with bioluminescence experts throughout the world.

Andrade and his stafl will also be primanily responsible for the educational materials and
kits which will become available.

Exhibit design and construction will be done primarily by the stalT of the Children's
Museum of Utah under the direction of Richard Morris. TCMU will work with Giltspur/Las
Vegason exhibit design, construction, consultation, fabrication, installation, and testing (letter of
commitment included).

Children's Museum staf and personnel will be trained in CISE laboratories on the
maintenance and operation of the cultures and of the exhibits. The group will then establish an

appropriate laboratory at the Children's Museum for this purpose,
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Andrade has support from the State of Utah's Centers of Excellence Program. {rom local
industry, and from the National Science Foundation refated 1o the use of bioluminescence for
science education. All of those activities are directly relevant to this project. He is spending about

S50% of his time on bicluminescence-related activities,

Dissernination;

There are three different audiences for dissemination activities:

1) local and regional;

2) mationa) museum and science center community; and

3) professional senusts and educators.

For local and regional audiences we will work closely with existing public relations and
communications vehicles, including major daily newspapers, local and regional magazines, and
local freelance wrilers, 1o encourage stories and features in the mass media relating (o the
broluminescence extubits. For the lay public, TCMU disseminates results and information through
its newsletter and via an outreach program to students and educators involving demonstrations and
lectures.

We will work closely with the State Office of Education, Offices of Education in
neighboring states, and with the school districts to inform them as (o the availahility of these
expenences at the Children's Museum Utah,

A good example of an activity which recently generated statewide publicity and interest is
the Utah Bioluminescence Contest, conducted by the Center for Integrated Science Education last
spring. We are also working closely with the Utah Chapier of the National Science Teachers
Associanon, and participating in their semi-annual meetings, as well as offering inservices and
workshops for the local public education community.

For the national science museurns and science center community, we will utilize the
publications of the Assaciation of Science and Technology Centers (ASTC), American Association

of Museums, and their national conferences to inform and to receive input from the informal
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science education community as 1o our bioluminescence-based activives. We anticipate organizing
special sessions at a future meetings of the ASTC and the National Science Teachers Association
(NSTA), specifically related to integrated science education and the use of bioluminescenice for
such activitics. We plan to submit guest columns in other museum publications, organize a
traveling lecture series offered by project officers, and produce a video on bioluminescence.

For professional scientists and educators, we will utilize our professional affiliations in the
scientific and education communities (o bring these activities to their attention and (0 scek their
input, advice, and critique. Drs. Stoddart, Dole, and Gess-Newsome, in the University of Utah's
Department of Educational Studies, are all involved with the Center for Integrated Saence
Education and are already participating in some of its bioluminescence education acuvities. They
will represent the project at annual meetings of the Amenican Education Research Association, the
National Association of Research in Science Teaching, and the Utah Education Association.

Andrade and his eo-workers participate regularty in meetings of the American Chemical
Saciety, Division of Chemical Education, the NSTA, the American Physical Society, the Amenican
Association for the Advancement of Science, and the intemational symposium on bio- and
chemiluminescence.

All of these avenues will be used to disseminate information about our activities and, even

more importantly, to obtain advice, critique, and input.

Evaluation and Assessrment:

We have assembled a group of scientfic experts to function as advisors and critics 10
ensure that the materials we develop are as sdentifically accurate as possible:

W,G. (Woody) Hastings, Professor of Biology, Harvard University, is internationall y
recognized for his work on bacteria and dinoflagellate bioluminescence([4]. He and his co-workers
have worked out the basic chemistry of dinoflagellate bioluminescence. He has applied these
systems for the study of biological circadian rhythms, and 1s published widely on the subject. His

laboratory and work were recently featured in the Public Broadcasting System program, "The

- ]5-
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Infinite Vovage" in the recently aired segment dealing with biclogical thythms, "The Living
Clock"

James Morin is Professor of Biology at UCLA in Los Angeles. Dr. Morin is an expert on
the small bioluminescent crustaceans, vargula, formerly called cypridina. Professor Morin has
discovered and categorized some 50 new species of these organisms in the Caribbean and the Gulf
of Mexicn, and has observed that one of the major functions of bioluminescence is fior sexual
mating displays. His recent, plenary lecture at the 6th Intemational Conference on Bio and
Chemiluminescence, "Shedding Light on Shedding Light", included dramatic videotapes of
vargula’s underwater luminescent activities.

William McElroy is Professor Emeritus and Chancellor Emenitus of the University of

California at San Diego (USCD). He is also a former Director of the National Science Foundation.

He pioneered bioluminescent studies in the United States and worked out the biochemistry of
firefly bioluminescence. His students and post docs have gone on to form and develop a
significant portion of the bioluminescence field.

John Buck. National Institute of Health, Bethesda, Maryland, is well known for his work
on fireflies. He has worked with fireflies since the mud 1930's.

James Lloyd, University of Florida, Gainesville, is responsible for the most complete and
thorough study of firefly species in the United States.

J. Wampler is with the University of Georgia and is an expert on bicluminescent worms.

Over the past two years, J. Andrade has personally met and talked with each of these
individuals except Lloyd and Buck. Andrade has talked with Lloyd extensively by phone and has
corresponded with Buck. Meetings are planned in the near future.

Our education/cumculum consultants include Lawrence Lowery, Lawrence Hall of
Science, Berkeley, and Dale Baker (Arizona Staie University).

Dr. Dale Baker is Chair of the Department of Curriculum and Instruction at Anzona Stale
University. She is an expert on student atitudes towards science learning, gender differences in

science achievement, and the relationship between instruction and student performance in science.
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In 1989, she was the recipient of the "Outstanding Research Award for Practical Application in
Saence” from the National Association of Research in Science Teaching (NARST) and in 1988
received the NARST award for the best publication in science education.
Dr. Lawrence Lowery, Professor of Science Education in the Department of Mathematics,

Science and Technology in the Graduate School of Education, University of California, Berkeley,
is Director of the Educational Research and A pplications Teacher Credential Program and a Senior
Researcher at the Lawrence Hall of Science. Dr. Lowery is an expert in the development of
ciuldren’s scientific concepts and the design of science curmiculum and instructional methods. He
15 principle investigator of Full Option Science System (FOSS), EQUALS in Technology, Science,
Education for Rural Califomia (SIRC) and Family Math. He is Co-Pl on the bay Area Math
Project. He has received many awards including "Science Educator of the Year" in 1989 from the
Association of Educators of Teachers of Science (AETS) and the "National Exemplary Project,
Science Instruction for Rural Califomia® in 1987 from the U.S. Department of Education,

The set of experts on bioluminescence will be asked to review and critique all of the
materials and exhibits 0 minimize any scientific inaccuracies or misinierpretations, Several will be
individually invited to campus 1o give seminars and lectures at the University of Utah on their
bioluminescence work and to observe and 1o assess the activities and developments in this project.
We expect them to be active parters throughout the entire project.

The recognized and accomptished science educators will provide criticism and advice
regarding the implementation and application of bioluminescence to the student and teacher
populations. They will also participate in critical assessment of the exhibits and hands-on
activities.

Dr. T. Stoddart, Asst. Professor of Educational Studies at the Uniy ersity of Utah, will
work with us to assess visitor pre-conceptions about bioluminescence and their conceplions and

understanding after experiencing Night-Light This will be done in collaboration with elementary
teachers and their classes, \
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Evaluation and assessment activities will also include visitor, teacher and general public
surveys. The Advisory Board will provide input on an annual basis. The evaluation and

assessment activities will be used to modify, improve, and enhance the activities in the grant.

Future Plans:

TCMU and CISE are committed to the use of broluminescence for science education. The
older adults who have experienced it are just as awed and motivated as are the kids. We expect no
problem in developing local private funding with which to continue lo operale, maintain, and
enhance Night-Light after the conclusion of this H. Hughes Medical Institute grant.

In addition, we will work closely with Protein Solutions, Inc., and with others to Insure

wide spread dissemination of the materials, kits, and interactive exhibits.

- 18-
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Evaluation and assessment activities will also include visitor, eacher and general pubiic
survevs. The Advisory Board will provide input on an annual basis. The evaluation and

assessment activities will be used to modify, improve, and enhance the activities in the grant

Funare Plans:

TCMU and CISE are committed to the use of bioluminescence for science education. The
older adults who have experienced it are just as awed and motivated as are the kids. We expect no
problem in developing local private funding with which to continue to operate, maintain, and
enhance Night-Light after the conclusion of this H. Hughes Medical Institute grant.

In addition, we will work closely with Protein Solutions, Inc., and with others to insure

wide spread dissemination of the matenals, kits, and interactive exhibits.
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Physics
light/photons
color/wavelength
absorption/emission
flow/stress/mechanics
energetics -- thermodynamics

Chemistry optics !
H bi i Mathematics
Om.woOu Sophysios logarithms (pH)
metals scientific notation
vitamins/nutrients EHMM_._W ions/
energetics aling
biochemistry probability/

statistics

Bioluminescence Observation
and Experiments
Algae Worms Fireflies

Environmental

Sciences Earth
Greenhouse Effect: Sciences
CO2/Temperature/ Minerals

[07] Carbonates
Toxicity, Pollution Climate
Acid Rain - pH Geography
Ecosystems

Biology
Species
Distribution/Habitat/Conditions
Function/Application
Symbiosis
Circadian Rhythm
Diversity

Figure 2: Bioluminescent organisms and their observation are shown as the center of an
integrated science "wheel". Each of the classical specialties or disciplines are indicated

with selected subject examples. These subjects and topics can all be directly observed
and experimentally studied via bioluminescence.
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NIGHT-LIGHT™
Gift Shop Science in the Dark!
Optional Take-Home Kits:
- NIGHT COLONY™
- LIGHT CRAWLERS™
- NIGHT PAINT™

- NIGHT LIFE™ =
Entrance

Fireflies- r sﬁf
larvae-giowworm

.-

Talking to

= Worms

/
—
- dinoflagaliates E

| = .

[] -
e RN |

NIGHT LIGHT! = Q‘ﬂ
Write your name! \ N
—
megaphone

Shaking, /7

Bubbiing... thin flask

©
|

= »

D
P ©
LIGHT CRAWLERS ™ Observing Light Critters

Bioluminescant Worms
vanous stimulation sources

Figure 3: Bioluminescence-based activity exhibits,
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Mr. Richard Moms -
The Children's Museum of Utah
B West

Salt Lake City, Utah B4108

Much of the current scientific information is being published in the Journal of

Bioliminescence and ¢ hemiliminescence, John Wiley and Sons,

Dear Richard:
There is a limited discussion of bi

oluminescence in science and nature baoks for children,

Protein Solutions, Inc. is delighted to work with you in developing a series of
interacuve exhibits using bioluminescence.

the most complete is

Our NIGHT-LIFE product will be launched in nwm,_.e/a:%:..?.

arketed in the Salt Lake area. We expect regional and West C dist ¢ 3
_H aqu”._z_u_._a tonal distribution in Fall, 1992, Given the enthusiastic respe ﬂﬂ. :m__.z
R&.mnﬂ_ E dents in the Davis School District, we expect it 1o be a popular an
successful science educational product.

A. and U. Silverstein, Nature's Living Lighs, Little, Brown, & Co., J988

Our interest in bioluminescence began in 1985 when J. Andrade became interested in the

subject and began doing some simple "discovery” experiments,
the Fall of 1987, Protein Solution, Inc. (PSI)

Work began in eamest in

share: this technology with v o develop and enhance it for
We are eager to share this technology with you and o : ! ;
interactiv n..n..“:.g _,M Affter successfully implementing such ..,.JEH_._, in w_..,h_m.?z. . we look
. torward 1o working with you to sell and distnibute such exhibits natior v.

was established in early 1988 with the goal

of developing bioluminescence for the children's education and loy markets. PSI has been .
funding bioluminescence work in Andrade’s lab for nearly 3 years (about $60,000 total 1o

I . ol 1 Tas
PSI has a Technology Transfer and royalty agreement with 5, ”P@ mw_nﬂrm_ Utah
and is a major corporate paricipant in the University's ﬁn:ﬁ ._?__:_F.mﬂ e
Education. We are pleased to work with you in d ping & suilable agreeme
TCMU, the University of Utah, and Protein Solutions, Inc.

dlate). Tt was already clear in 1987 that bioluminescence was a real allention gefter and

motivator of children and adulis Andrade's wife, Barbara, is a first grade teacher,

S Ines atic ch (SBIR) grants shortly to
We expect Federal Small Business Innovation Research (S IR) g Mewth
perform HW_M ”.m.,wM._ﬂ: needed :.ﬂ.m?.na_ additional products. This H.?g.nac.wd sw.f?..:a
directly applicable to your proposed exhibits C, E, and G in your Figure 2 in the Hughes
proposal.

Together they developed several demonsirations and expenments. The phenomena were
presented 1o Dr. T. Stoddart and R Stofflett in the De

partment of Educational Studies,
Science curticulum specialists in the State Office of Education, severa] Jocal school
distnicts,

{ r fide you g our co-workers at CISE with organisms,

We are pleasad to provide vou and your co-workers a vith 5
media, zcvn___ma__._a_h. ona cost only basis for your work on bioluminescence-based science
exhibits

and local educators and Students were all excited (Table 2). It was decided thay

We look forward to continuing to work with you,
there was sufficient interest

Sincerely,, ___x
i L _

b
J.I). Andrade, Ph.D.
President, PSI

and commitment among all involved 1o develop

bioluminescence as a discovery tonl for Integrated science education,
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GiligpuriLas Vegas Suite B 4545 Camaran Strast
Divisien of Giltspur, Inc Las Vegas, NV BE103-8502
USA

October 2, 15391

Children's Museum of Utah
8§40 N. 300 w,
Slat Lake City, Utah 84103

Attn: Mr., Richard Morris
Dear Mr. Morris:

Giltspur/Las Vegas, a natlionally recognlzed museum developer and
fabricator, is pleased to provide this letter of committment to the
Uteh Children's Museum.

Ciltspur/Las Vegas will provide our full range of services for the
successful completion of the Bloluminescence Project. These
services include consultation, research and development, design
and engineering, fabrication and testing, Installation, and all
resources associated with them.

OQur team of museum experts will collaborate with the Utah Children's
Museum and any other consultants necessary to Insure an exhiblt
of the finest quality and highest educational value.

Again, Giltspur/Las Vegas would llke to assure you of our committment
and dedicatlon to this valuable project.

A Gl eree T St

M. Katherine Tipton
Director Museum Development

Sincerely,

Bryan B. Kenny

Account Executive

BEK/MKT: dmr

I New Ovlaane
Torents | Washingon, DC

gton [ Buttale ! Chicage / Cincinmml | Dalles

New York § Orlando aenin | Pitsburgh [ Rochasier ) San Frantisco |
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THE eh
NIVERSITY
OFJTAH

7 October 1991

Referto: 91-267 ; \

Mr. Richard Morris { plM ;
The Children's Museum of Utah
840 North 300 West

Salt Lake City, Utah 84103

Dear Mr. Morris: —

We are pleased to endorse the collaboration and interaction between the Children's
Museumn of Utah and our newly formed Center for Integrated Science Education (CISE).

The University of Utah is eager to participate in activities which can aid the science
awareness and education of the general public, We are impressed and pleased with The
Children's Museum of Utah's programs for educating children, as well as their parents and
teachers.

The budget which CISE has prepared for its part of your Night-Light proposal to
the Howard Hughes Med Institute includes direct costs only. The waiver of the usual
indirect costs reflects our conviction of the importance and quality of your programs and
ties.

¢

Keep us posted on this exciting project!

., .

Ronald J. Pugmin /
Acting Vice Presic or Research

ce: 1.D. Andrade, CISE
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$350,000

Mr. Richard R. Moris
Executive Director

The Children's Museum of Utah
(801) 328-3383

FAX (801) 328-3384

O.BE. for Integrated Science Education (CISE)
University of Utah

2480 MEB

Salt Lake City, Utah 84112

J.D. Andrade, Professor of Bicengineer
2480 MEB i,
University of Utah

Salt Lake City, Utah 84112

(801) 5814379

FAX (801) 5818652

L

Uniyersity of Utah




NIGHT-LIGHT: Science in the Dark

xecutive Summary

We propose to develop, test, exhibit, and disseminate NIGHT WALK, an integrated science
"discovery" system based on bioluminescence - light generated by living systems [1-7]*.

Nearly everyone who discovers and observes bioluminescence is impressed and motivated
to see and leam more. In these times where people have their senses constantly stimulated to near
exhaustion, bioluminescence is  relatively unknown, unexperienced phenomenon which can
readily compete for a visitor's atiention and interest

Bioluminescence is a phenomenon which is largely unknown to students and teachers and
almost toially excluded from all science curricula and textbooks, from kindergarten to
undergraduate college [S].

The project will develop integrated and interactive science exhibits which will be wsed for
public education activities in an informal and inferactive sefting.

The besic idea is to have the participants discover something completely new — and thus
stimulate them to ask questions and formulate hypotheses,

Many of their questions and hypotheses are then addressed and tested in other exhibits.

Depending on age and background, participants will discover their own answers and be led
Into various areas and aspects of science. The exhibits serve as resources to aid their discoveries
and education.

Our long range aim is Smply to put together a fully integrated science discovery system
based on bioluminescence suitable for science museums.

We propose a 5 year collaborative interdisciplinary project to research and produce
interactive discovery exhibits using bioluminescence. This is a collaborative effort between The
Children's Museum of Utah, the University of Utah's Center for Integraicy saence Education,

" references are located on page - ().

and Protein Solutions, Inc., a local company specializing in materials for science education
(Figure 1).

The materials will aid in the observation, discovery, and leaming of basic concepts in
various science fields. The visitors will develop new and expanded understandings of science
concepts in a completely new domain — bicluminescence. The concepts and understanding derived
from bicluminescence are general and applicable to the full range of scientific and technical subjects
(Figure 2).

We will develop and produce 8 different interactive biol uminescent exhibits (Figure 3),
combine them to produce a comprehensive discovery exhibit, and prepare and provide
supplementary discovery materials and kits. An assessment plan is included — as well as a
comprehensive plan for publication and dissemination,

We requesta total budget of $350,000, over 5 years, allocated to the following activities:

Bioluminescence Research 2%
Production of Organisms 18%
Exhibit Design 15%
Exhibit Construction 18%
Maintenance & Operation 12%
Assessment & Evaluation e

Dissemnination o

The Children's Museum
of Utah (TCMU)

Canter for Integrated
Science Education (CISE)
University of Utah
Department of Bioengineering

Protein
Salutions, Inc. (PS)
Science Education
Innovators

Figure 1: The three key participants in this project.
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The Cenier for
Integrated Science Education (CISE)

October 7, 1991

Mr. Richard Morris

The Children's Museum of Utah
840 North 300 West

Salt Lake City, Utah 84108
Dear Richard:

Thank you for the opportunity to participate in your NIGHT-LIGHT proposal to the
Hughes Medical Foundation.

I have reviewed the final proposal and am in full agreement with the objectives,
tasks, and budget.

The University of Utah has waived indirect costs on this project.
We look fmvard to continuing to work with you and your staff,

Smocre[y, F (//-,

D Andradc Ph.D.
. CISE

Department of Bioengineering

2480 Merrill Engineering Building
Salt Lake City, Utah 84112
(801) 581-8528
FAX: 801-581-8692
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